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Preface 

Edited volumes play an important role in modern scholarship. Often, they serve to 
alert researchers to the arrival of new and promising approaches in their fields. 
That was the case in 1979 when Duxbury press published Evolutionary Biology 
and Human Social Behavior: An Anthropological Perspective, edited by Napoleon 
A. Chagnon and William Irons. The publication of that book, the first collection of 
empirical tests of hyphotheses about human behavior derived from recently devel- 
oped ideas in evolutionary biology, was a watershed event for the emerging field 
of human behavioral ecology. 

The 1979 volume grew out of two sessions organized by Chagnon and Irons at 
the 1976 annual meetings of the American Anthropological Association. In 1995, 
with this still fresh and rapidly growing approach about to enter its third decade, 
the three editors of the present volume thought that it would be a good time to take 
stock, to see how far we have come, and how far we have yet to go. With that in 
mind, we organized two long sessions at the 1996 annual meetings of the Ameri- 
can Anthropological Association in San Francisco. The sessions, which were 
invited by the Council for General Anthropology and the Biological Anthropology 
Section of the AAA, were very successful, and, as in 1976, we decided to use some 
of the papers presented there as the core of a new volume of empirical studies in 
human behavioral ecology. 

The chapters in this volume cover a wide range of societies and topics organ- 
ized into six sections. The first section includes two chapters that provide some 
historical background on the development of human behavioral ecology and com- 
pare it to two complementary approaches in the study of evolution and human 
behavior, evolutionary psychology, and dual inheritance theory. The second sec- 
tion includes five studies of mating effort in a variety of societies from South 
America and Africa. The third section covers parenting, with five studies on soci- 
eties from Africa, Asia, and North America. The fourth section breaks somewhat 
with the tradition in human behavioral ecology by focusing on one particularly 
problematic issue, the demographic transition, using data from Europe, North 
America, and Asia. The fifth section inchdes studies of cooperation and helping 
behaviors, using data from societies in Micronesia and South America. The sixth 
and final section consists of a single chapter that places the volume in a broader 
critical and comparative context. 

Lee Cronk 
Napoleon Chagnon 
William Irons 

xi 
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-0 Decades of a New Paradigm 

WILLLAM IRONS and LEE CRONK 

This book is a collection of state-of-the-art empirical studies in  a paradigm that 
has become known as human behavioral ecology. The emergence of this approach 
in aiithropology was marked by the publication in 1979 of another collection of 
studies entitled Evolritionai-j- Biology arid Hitiiiun Social Behavioi-: Aii Ar.itl.rropo- 
logiciil Per-specriw (Chagnon and Irons 1979). During the two decades that have 
passed since then, the approach has matured and expanded into new areas. This 
chapter describes the origins of the approach, its early reception, and its subse- 
quent development. 

We use the phrase “human behavioral ecology” chiefly because i t  is the label 
used most often by those doing similar work on nonhumans, thereby accentuating 
the fact that this approach has its roots in animal behavior studies or ethology. It 
also has the advantage of avoiding notions of genetic deterininism that are com- 
monly (though mistakenly) associated with the term “sociobiology.” In addition, 
i t  serves to differentiate this approach from other, complementary approaches 
such as evolutionary psychology and cultural transmission theory (see Smith, 
chapter 2, this volume). However, it should be kept in mind that not everyone 
working within this approach uses this same label and that other labels, including 
human evolutionary ecology, human ethology, human socioecology, and human 
sociobiology, are also commonly used. 

THE ORIGINS OF HUMAN BEHAVIORAL ECOLOGY 

The 1960s and the 1970s witnessed some very significant advances in evolu- 
tionary theory, especially theory relevant to the evolution of individual behavior. 
William D. Hamilton’s theory of kin selection and inclusive fitness was published 
in 1964, followed by his important work on senescence ( 1  966), sex ratios ( 1  967), 
and herding behavior ( 1  97 1 ). In 1966, George C. Williams’s watershed book Adap- 
tation arid Naturul Selection clarified a number of issues, especially the question 
of the level in the hierarchy of life (gene, individual, population, species, ecosys- 
tem) at which adaptations are most likely to evolve. That same year, Robert H. 
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MacArthur and Eric Pianka (1 966) laid the foundations for the development of 
optimal foraging theory and the now widespread use of economic models in ani- 
mal behavior studies. Robert L. Trivers presented the theory of reciprocal altruism 
in his classic 1971 paper, which was followed soon afterward by his theoretical 
papers on parental investment and sexual selection ( 1  972; see also Trivers and 
Willard 1973) and parent-offspring conflict (1 974; see also Trivers and Hare 1976). 

These theoretical ideas formed a coherent perspective that viewed organisms as 
products of natural selection favoring phenotypes that enhanced the representation 
in future generations of the genes that coded for them. This approach is sometimes 
labeled “adaptationism” and “selectionist thinking” (Gray, chapter 2 1, this vol- 
ume; see also Daly and Wilson 1988:2-5), but of course an understanding of nat- 
ural selection and its role in designing adaptations had been around for a long 
time. What was new was the focus on behavior as something that, like physiology, 
may be subject to the forces of natural selection. With these theoretical develop- 
ments in hand, animal behaviorists soon conducted a flurry of new field studies 011 

a wide variety of taxa, including, to name just a few, arthropods, fish, birds, 
rodents, carnivores, and primates. Because primatology has long been an accepted 
branch of anthropology, i t  formed a bridge between anthropology and animal 
behavior studies in general, and primatologists such as Jeanne Altinann, Irven 
DeVore, Sarah Blaffer Hrdy. Joan Silk, Barbara Smuts, and Richard Wrangham 
played an important role in introducing the insights of Hamilton, Trivers, and 
Williams to anthropology. Their long-term, detailed observational studies of ani- 
mal behavior also drew on the ethological tradition of researchers such as Niko 
Tiiibergen and Konrad Lorenz. At about the same time, a variety of anthropolo- 
gists and others, including Earl Count, Robin Fox, Derek Freeman, Robert Hinde, 
Nicholas Humphrey, Desmond Morris, and Lionel Tiger, were beginning to use 
evolutionary theory to study human behavior, while human ethologists like 
Irenaus Eibl-Eibesfeldt and Nicholas Blurton Jones began to give the field an 
empirical base, and economists like Gary Becker pioneered the application of 
optimization models to noneconomic behavior. 

The stage was set for the extension of the new refinements of evolutionary the- 
ory to the study of the human species. In 1974, University of Michigan zoologist 
Richard Alexander published a classic paper summarizing the evolutionary theory 
of sociality and making numerous specific suggestions about how this theory 
might enhance our understanding of human social behavior. In 1975, Harvard 
biologist E. 0. Wilson published a large volume entitled Sociobiology: The New 
Synthesis, which summarized the evolutionary theory of social behavior and 
reviewed much of the evidence supporting this perspective from studies of social 
behavior of a wide range of animal taxa. In the final chapter of Sociobiology Wil- 
son suggested that this perspective could shed light on human social behaviGr and 
outlined some of what he thought this new insight might be. In  1976. Richard 
Dawkins published his classic popularization of the new approach entitled Tl7e 
SelJsh Gene, which explained with unusual clarity the theoretical perspective 



Evo Decodes (,fa New Paradigm 5 

underlying the work of Hamilton, Williams, and Trivers. Like Alexander and Wil- 
son, Dawkins also suggested that evolutionary theory might shed light on human 
behavior, though he advocated an emphasis on the role of culturally rather than 
genetically inherited information in shaping behavior. 

EARLY ATTEMPTS AT ANTHROPOLOGICAL APPLICATION 

In  1974 and 1975, Napoleon Chagnon and WiIliani Irons were involved in an 
ongoing discussion about the use of these new refinements of evolutionary theory 
in anthropology, especially cultural anthropology. At that time they were both in 
the Anthropology Department at Pennsylvania State University; both had exten- 
sive fieldwork experience; and both were convinced that selectionist thinking 
would enrich their ethnographic research. After absorbing the works of Alexander, 
Hamilton, Trivers, Williams, and Wilson, they decided to organize two symposia 
on the use of evolutionary theory in anthropology for the 1976 annual meeting of 
the American Anthropological Association to present to the discipline their 
attempts to incorporate selectionist thinking into their ethnographic research. 
Eventually their symposia were coordinated with two symposia on the same topic 
organized by Irven DeVore of Harvard University. These symposia formed the 
basis for the edited volume Evoli~tini7ory Biology mid Humciri Sociul Belzci\lior: An 
Aizthropological Perspective (Chagnon and Irons 1979). 

The research presented in those contexts focused on traditional anthropologi- 
cal topics such as kinship, marriage, infanticide, and social stratification. and the 
methods and data were also largely of traditional anthropological varieties. The 
novel element was the use of such data to test hypotheses derived from the theo- 
retical expectation that human social behavior would reflect strategies that would 
enhance inclusive fitness in environments similar to those of past human evolu- 
tion. The questions asked were derived in  straightforward ways mainly from the 
work of Alexander, Hamilton, and Trivers: Do human beings tend to be more help- 
ful to genetic kin than non-kin, and more competitive in dealing with non-kin than 
kin? Can such a tendency influence family and village formation in traditional 
societies? Do parents manipulate sex ratios in ways that increase the number of 
their grandchildren? Can status striving be seen as means to reproductive success? 
Although not everyone working in this area was included either in the 1976 sym- 
posia or the 1979 volume, these fora did serve to mark the beginning of a new 
school of thought in anthropology by bringing together a large number of empiri- 
cal studies that used ethnographic data to test hypotheses about human behavior 
derived from evolutionary the0ry.l 

The year 1979 was a productive year for the new paradigm in other ways as well. 
Two journals that deal extensively with the use of evolutionary theory in the study 
of human social behavior, Ethology arid Sociobiologjq (recently renamed Evolution 
and Huriiaii Behavior) and the Jourml of Social arid Biological Striicturees (now the 
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Journal of Social a i d  Evolutionar Sjisterizs), began publication, and the journal 
Belzavioral Ecology and Sociobiology, which focuses primarily on nonhumans but 
which has also included some work on humans, first appeared. In that same year, 
two important theoretical books were published, Alexander’s Danviizisiii niiri 
HLrinaii Aflciir-s and Donald S ymons’s The Evolutioii of Hitrizaii Sesucility, while E. 
0. Wilson’s 011 Hirnzan Nature had appeared the year before. 

THE RECEPTION BY CULTURAL ANTHROPOLOGY 

At the same time that this new field was rapidly developing, a number of 
extraordinarily hostile attacks upon it soon appeared. The gist of these attacks was 
almost always twofold. First, it was argued that the theoretical perspective repre- 
sented by Hamilton, Trivers, Williams, Alexander, and WiIson could easily be 
shown to be totally indefensible on both logical and empirical grounds. Second, it 
was argued that the perspective tends to justify an oppressive status quo by encour- 
aging racism, sexism, elitism, and imperialism. 

A general hostility to the new approach developed especially early and 
intensely among cultural anthropologists. At the I976 meeting of the American 
Anthropological Association at which the symposia organized by Chagnon and 
Irons were held, a motion was introduced at the business meeting to condemn 
“sociobiology.”The motion was hotly debated, but i t  was finally defeated by a nar- 
row margin. Interestingly, several people who debated against the motion were 
also opposed to sociobiology itself. Marshall Sahlins, for example, argued that 
passage of the motion would tend to strengthen sociobiology by making its sup- 
porters look like martyrs, and Margaret Mead argued that the motion, if passed, 
could be misconstrued as condemning any use of Darwinian theory. I t  is interest- 
ing to speculate whether the motion would have passed had i t  not been for these 
arguments from leaders of the profession who were already on record as being 
sharply critical of “sociobiology.” At about the same time, the journal of the Amer- 
ican Anthropological Association, Ainer-icciiz Aiitl7ropologist, published very neg- 
ative reviews of the first watershed books presenting the approach that was to 
become human behavioral ecology. For example, John Buettner-Janusch ( 1 978) 
described Richard Dawkins’s Tlze Seljslz Gene as “an example of the silliness that 
can result from an Oxbridge education” based on his niisbelief that Dawkins 
attributed conscious intentions to “selfish genes.” Elliot Chapple’s ( 1976) review 
of E. 0. Wilson’s Sociobiology in  the Anzericari Anthropologist said that i t  “clearly 
wins the prize as the worst book in biology for 1975.” 

At the time of the 1976 anthropology meetings, Marshal1 Sahlins’s book The 
Use and Abuse of Biology was freshly in print. In this book, a recognized leader 
among cultural anthropologists unequivocally condemned sociobiology as logi- 
cally and empirically indefensible and politically dangerous. At the time, the book 
sold well and convinced a great many anthropologists that the new approach was 
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both bad science and politically dangerous. When, as a freshman at Northwestern 
University, Cronk let i t  be known that he had read Wilson’s and Dawkins’s books 
while still a high school student and was interested in the new paradigm, he was 
instructed by an anthropology faculty member to read Sahlins’s book as a purga- 
tive. Sahlins’s book is still in print and is still cited favorably by anthropologists and 
other social scientists (e.g., Bodley 1994:66; Ohnuki-Tierney 1994; Rosenblatt 
1997; Schubert 199 1 ; Schultz and Lavenda 1995a:83, 1995b:224), suggesting that 
a significant number of people are still sympathetic to its arguments. Because of the 
continuing impact of Sahlins’s arguments, we will use part of this chapter to explain 
why we and other behavioral ecologists do not find them persuasive. 

Part of Sahlins’s critique was the common theme that sociobiology justifies free 
markets and the oppression that many people believe such markets necessarily 
entail. He said that this was an example of culture doing what cultures always do, 
in other words, inventing an ideology that justifies the culture itself. In Western 
society, he argued, oppression is a manifestation of the capitalist system, and that 
system has somehow generated sociobiology as a projection of the capitalist ethic 
of competition onto the natural world to encourage the idea that capitalism is 
somehow natural and therefore inevitable. In his own words, “What is inscribed in 
the theory of sociobiology is the entrenched ideology of Western society: the 
assurance of its naturalness and the claim of its inevitability” (1976: 101). This is 
a hard argument to take seriously. The fact that neither Sahlins nor anyone else has 
offered an alternative approach to the evolution of life that does not include the dif- 
ferential reproduction of competing genotypes as a central element suggests that 
any similarity between the logic of capitalism and the logic of natural selection is 
coincidental. Furthermore, the overwhelming evidence supporting the theory of 
evolution by natural selection would make it appear that it maintains its currency 
not because of its supposed usefulness as an ideological tool but rather because of 
its success in explaining why organisms are the way they are. 

This ideological attack was especially surprising to the many early sociobiolo- 
gists who were committed to political and economic change and enhanced social 
justice and who bridled at the accusation that they were unwitting propagandists 
for any particular political or economic system. Unlike Sahlins, they understood 
that a central tenet of modern evolutionary theory is that no argument about the 
naturalness of a behavior can be used as a moral justification of that behavior. To 
do otherwise is to commit what is well known in the field as “the naturalistic fal- 
lacy” (Moore 1903; see also Hume 1739/1740). They also understood that the 
ideas of Hamilton and Trivers have as much or more to do with cooperation than 
with competition among organisms. Evolutionary biologist David Queller 
(1995488) notes that his own work on social insects “emphasizes altruistic behav- 
ior, focuses on females rather than the males, and suggests that collective worker 
interests are crucial determinants of advanced insect societies.” He asks, “Does 
this make me a good guy, a nurturing feminist, and a stalwart of the working 
class?” 
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A large part of Sahlins’s attempt at a scientific argument against sociobiology 
focused on kinship: “The issue between sociobiology and social anthropology is 
decisively joined on the field of kinship” (1 976: 18). He claimed that the most ele- 
mentary anthropological knowledge, “Anthropology 10 1 ,” decisively refutes 
sociobiology’s claim that human kinship is shaped by kin selection because i n  no 
society do kinship categories correspond with genealogical relatedness as mea- 
sured by the proportion of genes individuals share by recent coininon descent, 
commonly represented as r .  For instance, husbands of one’s parents’ sisters ( r  = 0) 
may be lumped together with one’s parents’ brothers ( r =  .25), or full brothers 
( Y  = 0.5) may be lumped with male parallel cousins ( r  = 0.125 for first cousins). 
Furthermore, he pointed out. households routinely contain people who are related 
in a wide variety of ways to a wide variety of degrees. 

The problem is that Sahlins had derived a prediction from kin selection theory 
that no one who really understands evolutionary theory would ever make. No one 
expects that an individual will be inore closely related to everyone in her house- 
hold than to everyone outside of the household. The formation of a household rep- 
resents a compromise between several competing goals. In an outbreeding sexual 
species, such as humans, individuals need to find mates who are not closely 
related. Inbreeding depression lowers fitness, and therefore close kin do not make 
good mates. Thus i t  is not surprising that people marry distant or non-kin and that 
one or both parties move after marriage so that typically one has a distantly related 
or unrelated spouse in one’s household and full siblings who have taken up resi- 
dence elsewhere. It is also the case that cooperating with an unrelated brother-in- 
law who is the father of one’s nieces and nephews is not a violation of kin selection 
theory because affinal kin share a genetic interest in their common descendants 
(Alexander 1979: 159-160; Dow 1984). Furthermore, human kinship systems are 
almost certainly based on a combination of kin altruism and reciprocal altruism 
(Trivers 197 1).  

Sahlins also argued that the whole project is flawed from the start by the fact 
that many other societies lack words for fractions and hence cannot calculate 
genealogical relatedness, adding as a side note that the obvious inability of ani- 
mals to calculate fractions “introduces a considerable mysticism” to sociobiolog- 
ical theory (1976:45). Among animal behaviorists this has become known as 
“Sahlins’s Fallacy,” and it is considered a real howler. Dawkins (1979, 1989:291- 
292) points out that “A snail shell is an exquisite logarithmic spiral, but where does 
the snail keep its log tables?” and “How do ‘green plants’ figure out the formula 
for chlorophyll?” Similarly, although we may need differential equations in order 
to describe the trajectory of a baseball, that does not mean that an outfielder needs 
to solve any equations in order to catch one (Dawkins 1976: 103-104, 1989:96). In 
short, although our understanding of many behaviors and biological processes is 
enhanced by mathematical models, this does not mean that organisms themselves 
need any understanding of mathematics in order to develop or behave. 
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A pioneering example of the use of inclusive fitness theory to shed light on 
human behavior was Chagnon and Bugos's (1979) analysis ofaYanomaino ax fight 
that was included in Evolutionan Biology arid Hcrrntlii Social Behcivior. The fight 
had been filmed and photographed (Asch and Chagnon 1975; Biella, Chagnon, and 
Seaman 1997; Chagnon I997), and Chagnon had a complete set of genealogies for 
the participants. The data were used to test the prediction that the participants in the 
fight would tend to take sides with closer kin against more distant kin. Since almost 
everyone in the village was related to almost everyone else in the village, there was 
no question of taking sides with or against non-kin. The data indicated that those 
who chose to fight together were on average inore highly related to one another than 
the village average. It also showed that those they chose to fight against were less 
related to them than the village average. Had the participants in the fight chosen 
sides without regard to genealogical distance, the expected result would be that 
average relatedness to their own faction and to their opposing faction would be the 
same as their average relatedness to the entire village. In this analysis, Chagnon and 
B L I ~ O S  predicted that genealogical relatedness would be one factor, but not the only 
one, influencing individuals' choices of sides. Other factors considered include 
afiinal ties and lineage affiliations. Judging from his discussion in The Use crnd 
Abirsu of Biology, Sahlins's prediction regarding the ax fight would have been that 
the members of each Faction would all be inore closely related to al l  the members 
of their faction than to any members of the other faction. This would be reasonable 
only if kinship were the only factor influencing the choice of sides. 

Another position taken by Sahlins ( 1976234) was that if human behavior 
toward kin is thought of as being influenced by reciprocity as well as a tendency 
toward nepotism then the resulting model would be unfalsifiable: "If ego is good 
to his kinsmen, it benefits his own inclusive fitness; if on the other hand, he aids a 
stranger rather than a kinsman, it also conies back to his advantage in the form of 
reciprocal altruism." To behavioriil ecologists. these are fighting words. Behav- 
ioral ecologists are coniniitted to scientific methods and build their research 
around fiilsifiable theories and hypotheses. They find it especially annoying to be 
told their theories are unfalsifiable by a cultural anthropologist. a representative of 
ii s U bdisc i p I i ne whose prac t i t io ne rs rare I y concern the 111 se 1 ves with the u n fill s i fi a- 
bility of their own assertions. Fortunately, research on kin and reciprocal altruism 
has clearly shown that Sahlins has this wrong. Susan Essock-Vitale and Michael 
McGuire ( 1980). for example. did exactly what Sahlins said was impossible: they 
made falsi fiable predictions based on Haniilton's theory of kin  selection and on 
Trivers's theory of reciprocal altruism, analyzing fifteen studies from various soci- 
eties i n  terms of a set of five predictions derived from the hypothesis that both 
genealogical relatedness and reciprocity would make various forms of altruism 
more probable. Because the data available did not allow each hypothesis to be 
tested in each of the fifteen societies, they were able to conduct a total of thirty 
tests of their predictions. Twenty-seven predictions were confirmed. one was 
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disconfirmed, and in two cases the data were insufficiently clear to allow a deci- 
sion of whether the data confirmed or disconfirmed a particular prediction. If we 
assume as a null hypothesis that nepotism and reciprocity have no effect on the 
occurrence of altruism, then we can estimate the chance of getting Essock-Vitale 
and McGuire’s results simply by sampling error. We can do this by assuming that 
each prediction was as likely to be disconfirmed as confirmed. The conservative 
way to do this would be to count the questionable cases as disconfirmation. Thus 
the null hypothesis suggests a binomial distribution with a probability of .5 for 
both confirmation and disconfirmation in each test. The likelihood of getting this 
result, given the assumptions of this null  hypothesis, would be roughly two in a 
thousand. The important point here is that the expectations of behavioral ecolo- 
gists are statistical. They expect some cases will not fit  their expectations, and the 
validity of their claim can be judged only from a large number of cases. Since the 
publication of Essock-Vitale and McGuire’s study, many more studies testing 
inclusive fitness theory among humans have been published, and the result is to 
lend support both to the notion that a nepotistic tendency is at least widespread if 
not universal in our species and to the broader project of the evolutionary biolog- 
ical study of human social behavior (see Turke 1996). 

In an ironic way, human behavioral ecology owes Marshall Sahlins an intel- 
lectual debt because his confusion over the theory and its application led to sonie 
important research. For example, Joan Silk’s ( 1980) work on adoption in Polyne- 
sia was inspired by Sahlins’s claim that the practice, which is widespread in that 
part of the world, falsified inclusive fitness theory. Similarly, Sahlins’s concerns 
about the lack of fit between kin terminologies and genealogical relatedness led to 
Kristen Hawkes’s ( 1983) research on relatedness, kin terms, and helping among 
the Binumarien of New Guinea. Finally, Sahlins’s coliceins about how individual 
organisms could know the identities of their relatives have been addressed by 
research on kin recognition among nonhumans (e.g., Fletcher and Michener 1987; 
Hepper I99 1 ). Furthermore, the enthusiastic reception given Sahlins’s book by 
cultural anthropologists makes i t  clear that, as Gray notes (this volume), “sociobi- 
ology” has long had a serious public relations problem. 

DECONSTRUCTING CULTURAL ANTHROPOLOGY 
SOME PERSONAL OBSERVATIONS 

Being cultural anthropologists gives us insights into why cultural anthropolo- 
gists are suspicious of “sociobiology.” In effect, we have done participant obser- 
vation among cultural anthropologists. Numerous interactions with cultural 
anthropological colleagues over many years makes us aware of widespread beliefs 
among them. One such belief is that “sociobiology” encourages a long list of evil 
“isms”: racism, sexism, elitism, imperialism, and essentialism. For some reason 
racism is the most frequently emphasized. Moral outrage is a salient component 
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of the typical cultural anthropologist’s reaction to “sociobiology,” and the morally 
outrageous quality of “sociobiology” makes it unnecessary to be careful with facts 
and logic when attacking i t  (cf. Sahlins’s argument about animals not knowing 
fractions). 

Heavy-handed criticisms of this sort were not at all rare in the first decade after 
the appearance of Ewlutioitar?? Biology a id  Human Social Behavior. They 
cropped up frequently in intellectual discussions of either a formal or an informal 
variety. Often they involved people who were not anthropologists. Psychologists, 
economists, and educated non-academics often expressed very negative views of 
“sociobiology,” often based on strange misconceptions about the nature of “socio- 
biology.” In the 199Os, however, conversations of this sort have become much 
rarer except wlzeri tdkirig to culturd anthi.oyologi.sts. Evolutionary theory is now 
widely accepted among psychologists and psychiatrists, and we also encounter 
many economists, political scientists, and other academics who are informed and 
interested in evolutionary theory. Biological anthropologists have always been 
evolutionists, and the majority of them are now well-informed about behavioral 
ecology and sympathetic to its scientific objectives. However, for some reason cul- 
tural anthropologists are the last-ditch defenders of the view that human behavior 
and culture are riot influenced by our evolutionary history and that serious social 
and political harm will flow from any attempt to argue that they are. Although 
some cultural anthropologists are informed and sympathetic, the majority of cul- 
tural anthropologists continue to accept the broad outlines of Sahlins’s argument. 
They see selectionist thinking (which they usually insist on labeling “sociobiol- 
ogy”) as scientifically unsound and politically dangerous. We do not think 
Sahlins’s book caused cultural anthropologists to have these views. Rather, 
Sahlins’s book expressed deeply held views that the majority of cultural anthro- 
pologists already had. Sahlins’s book resonated with their views and provided a 
seemingly authoritative support for them. 

These negative views of “sociobiology” are surprisingly persistent. In 1998, a 
prominent and influential cultural anthropologist presented a colloquium in Irons’s 
department on the future of anthropology. This leader of the profession warned the 
audience that they should not get involved in “sociobiology” and emphasized the 
“fact” that sociobiology has “horrendous implications for social policy.” Most of 
Irons’s cultural colleagues expressed agreement with this view, but little was sup- 
plied in the way of specifics about these policy implications. Several days after the 
talk, Irons asked one of his cultural colleagues what some of these “horrendous 
implications” were. In response, his colleague offered as an example the fact that 
The Bell Curve (Herrnstein and Murray 1994) was being taken seriously as an argu- 
ment against affirmative action. For this cultural anthropologist, the distinction 
between behavioral ecology and the psychometrics of The Bell Curve was too sub- 
tle to take into account. Anything that was somehow biological and somehow evil 
could be conveniently lumped under the label “sociobiology.” It appears to be irrel- 
evant to such moralistic reasoning that The Bell Curve and behavioral ecology have 



12 Williain Irons and Lee Cronk 

next to nothing in common, as shown by the fact that the bibliographies of this vol- 
ume and of The Bell Ccrnle include almost none of the same sources. 

As we see it ,  the cultural anthropological condemnation of behavioral ecology 
as a justification for racism, sexism, or other forms of oppression is not based on 
solid knowledge of the paradigm.’ Rather it is based on a siiiiple assumption that 
any attempt to argue for an evolved human nature influencing human behavior can 
be rejected out of hand. Such arguments can be dismissed as “genetic deterinin- 
ism” and thinly veiled right-wing political plots. As the majority of cultural 
anthropologists see it, their discipline derives much of its value from its role in dis- 
couraging racism and sexism, and condemning “sociobiology” is an important 
part of that role.3 

CHANGING TIDE: 
GROWING ACCEPTANCE IN MANY QUARTERS 

Sharply critical attacks on “sociobiology” continued in the late 1970s and early 
1980s. Many of these critiques had provocative titles like Not Iri Our Geiies 
(Lewontin et al. 1984), Bio/og?> as a Social W e q x ~ n  (Ann Arbor Science for the 
People Editorial Collective 1977), and Vnrdting Ambition (Kitcher 1985). The 
political motivation behind these books often was openly stated, as in the preface 
to Not / I ?  Our Genes: “We share a commitment to the prospect of the creation of a 
more socially just-a socialist-society. And we recognize that a critical science 
is an integral part of the struggle to create that society, just as we also believe that 
the social function of much of today’s science is to hinder the creation of that soci- 
ety by acting to preserve the interests of the dominant class, gender and race” 
(Lewontin et al. 1984:ix). 

Since that time, the tide appears to have shifted. Kitcher (1985) was the last 
widely read book to attack sociobiology. Although Kitcher’s rhetoric was as neg- 
ative as any of the preceding books, he conceded that nonhuman behavioral ecol- 
ogy was often quite sound, eventually (1990) taking the position that while 
“human sociobiology” was bad, “human behavioral ecology” was a promising 
approach. Another outsider to the approach, historian Car1 Degler ( 1  99 I ) ,  took a 
very different and much more positive view of it.  Having examined the history of 
selectionist thinking in the social sciences since the nineteenth century. he 
regarded the return to this tradition in the 1970s as a corrective to an overempha- 
sis on culture that had emerged in the early twentieth century. Furthermore, he 
argued that the “return of biology” did not justify racism or sexism and need not 
be feared on those grounds. Degler’s book was something new for behavioral ecol- 
ogists who had become accustomed to a degree of “biophobia” on the part of out- 
side reviewers. The wider acceptance of this approach in the 1990s is also evident 
in fields such as psychology and economics, where the testing of evolutionary bio- 
logical hypotheses about behavior has become not only accepted but encouraged 



and even institutionalized in some very progressive programs. At the same time, 
books like Vi~lultirig Anzbition have become rare, and instead we have a steady 
stream of popular books for the educated public that are positive about selection- 
ist thinking by such authors as William F. Allman (1994), David Buss ( 1  994), 
Helena Cronin ( 199 1 ), Richard Dawkins (1 976, 1982, 1986, 1989, 1995, 1996), 
Car1 Degler (1991), Daniel C. Dennett (1995), Helen Fisher (1982, 1992), Sarah 
Hrdy (1999), Steven Pinker (1994, 1997), Matt Ridley (1993, 1996), Meredith 
Small ( 1995, 1998), and Robert Wright ( 1994). 

Because most human behavioral ecologists are also anthropologists, special 
attention should be paid to the status of the approach within this discipline. Because 
they studied behavior and because behavior was traditionally dealt with by cultural 
anthropology, most anthropologists working in this approach in the 1970s identi- 
fied themselves with that subdiscipline. At the time, most cultural anthropologists 
still felt themselves to be working within a scientific rather than a humanistic tra- 
dition. And at that time most biological anthropologists identified themselves as 
strictly physical anthropologists because they dealt with human physical evolution 
and modern human physical variation rather than with behavior. Since then things 
have changed considerably in both subdisciplines. Cultural anthropology has 
become increasingly humanistic and decreasingly scientific as i t  has embraced 
interpretive, hermeneutic, and postniodernist ideas from fields such as literary crit- 
icism. The study of behavior has largely been supplanted in cultural anthropology 
by the study of meaning. The continued biophobia of cultural anthropology is 
related, in a way, to the focus on meaning. It would be harder, we believe, to main- 
tain biophobia while attempting to be scientific. Physical anthropologists, on the 
other hand, have increasingly identified themselves as biological anthropologists, 
reflecting that subdiscipline’s expansion to include the study of behavior as well as 
physiology. The greater acceptance of behavioral ecological ideas among biologi- 
cal anthropologists than among cultural anthropologists was reflected i n  a survey 
conducted by Leonard Lieberman ( 1  989). When asked, for example, whether the 
concept of kin selection was likely to be useful in the study of human behavior, 82% 
of animal behaviorists and 74% of biological anthropologists but only 35% of cul- 
tural anthropologists thought that it would. This difference between the subdisci- 
plines is also reflected in an institutional shift that has occurred during the past 
twenty years. While most behavioral ecologists twenty years ago were identified 
by their departments as cultural anthropologists, these days it is more common to 
find behavioral ecologists being hired for positions in biological anthropology. 

DEVELOPMENTS IN HUMAN BEHAVIORAL 
ECOLOGY SINCE 1979 

Since the heady times of the late 1970s several things have happened in human 
behavioral ecology. The first and most important is that, despite its public relations 
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problems, human behavioral ecology has become an established paradigm with a 
large empirical literature to its credit. While in  1976 there was one paper in print 
that explicitly tested a behavioral ecological hypothesis about traditional human 
societies (Hartung 1976), with a few more appearing in print by 1979, within a 
decade the number of such studies had grown dramatically. Monique Borgerhoff 
Mulder (1 988b) did a count of all the studies she could find that met two criteria: 
(1) they presented a hypothesis about human social behavior derived from evolu- 
tionary theory; (2) they presented quantitative data from a traditional society to 
test the hypothesis. Her total count was 188. To make such a count today would be 
a momentous task given the enormous growth of the field during its second 
decade. Many of these studies have been published in the journals mentioned 
above, in the new journals Huiizuri Ncitui-e and Evol~itioi7ui>~ Ai1tl7ropolagy, and 
also in mainstream journals such as Curreerit Aiitlzropologj; Politics mid the L f e  
Scieiices, and Bel7nviorul mid Brain Sciences. A great many edited volumes on 
human behavioral ecology are also now available, including Winterhalder and 
Smith’s collection of foraging studies ( 198 l) ,  Betzig, Borgerhoff Mulder, and 
Turke’s collection of studies of reproduction ( 1  988), Smith and Winterhalder’s 
collection of critical reviews of major subfields within human behavioral ecology 
(1992), and Betzig’s collection of classic articles along with critiques and updates 
(1997). The quality and rigor of the studies included in these various outlets is 
quite high, comparing extremely favorably with any of the other social and behav- 
ioral sciences and in particular with cultural anthropology. Reviews of this body 
of research have recently been published by Borgerhoff Mulder (1991), Cronk 
(1 99 1 ), and Smith ( 1992), while Gray’s 1985 book reviewing this research also 
remains very useful. At the same time, fields that currently lie outside behavioral 
ecology but that are essential to its continued development have also grown rap- 
idly, including evolutionary psychology (see Buss 1995 for a recent review), cul- 
tural transmission or dual inheritance theory (see Smith, this volume), 
reproductive biology (e.g., Baker and Bellis 1995; Trevathan 1987), reproductive 
ecology (e.g., Ellison 1994; Wood 1994), evolutionary medicine (Nesse and 
Williams 1994). and behavior genetics (Plomin 1997). 

Another event that marks the maturation of behavioral ecology and related 
approaches is the formation of the Human Behavior and Evolution Society 
(HBES). In October 1988 at the University of Michigan a conference was held that 
focused on the work of psychologists and psychiatrists. At this conference a deci- 
sion was made by a number of the participants to form a society, and the name of 
the society was settled in an open discussion among the participants. William 
Hamilton was chosen as the first president and Randolph Nesse, who initiated and 
led the discussion, was chosen as the president elect. HBES’s first annual meeting 
was held at Northwestern University, and meetings have been held every year since 
then at various universities. The society now publishes a journal (Evolutioi~ f l i i d  

Huiiiaii Behavior; formerly Ethology a i d  Sociobiology), and has about seven hun- 
dred members from psychology, anthropology, and a wide variety of other fields. 



In addition, many human behavioral ecologists are members of the European 
Sociobiology Society and the International Society for Human Ethology. 

At the level of theory, human behavioral ecology has also made considerable 
strides. One major improvement since the late 1970s is the convergence of work 
on mating, parenting, and social behavior, on the one hand, with work on foraging 
strategies on the other. In the 1970s these areas were mostly explored by different 
groups of researchers, whereas in the 1980s and into the 1990s the distinction 
between them has become increasingly blurred and both lines of thought have 
become enriched. This has happened as people have considered the possibility that 
social and reproductive goals may influence economic strategies and, conversely, 
that the characteristics of resources and environments may affect mating, parent- 
ing, and social behavior. Examples include Smith’s analysis of forager group size 
( 198 1 , 1985, 199 1 ); Hawkes’s showoff model ( 1  990, 199 1 1993); work by Win- 
terhalder (1986, 1990), Kaplan and Hill (1985), Kaplan, Hill, Hawkes, and Hur- 
tado ( I  984), Kaplaii, Hill, and Hurtado ( 1990), and Blurton Jones ( 1  987b) on food 
sharing (see also Bliege Bird and Bird 1997); Blurton Jones’s ( 1987a) analysis of 
! Kung women’s foraging work and birth spacing; Borgerhoff Mulder’s application 
of the polygyny threshold model to the mate choices of Kipsigis women (1990); 
and Cronk’s (1989) analysis of subsistence change among the Mukogodo as a 
result of reproductive rather than economic considerations. This approach is also 
well represented in the contents of this volume (e.g., the chapters by Hames, 
Hewlett and colleagues, Kaplan and Lancaster, Low, Sellen and colleagues, Sosis, 
and Sugiyania and Chacon). 

Developments in nonhuman behavioral ecology and evolutionary biology also 
have had an impact on human behavioral ecology. For example, a persistent bug- 
bear of this approach in its early years was the specter of “genetic determinism.” 
Many people outside behavioral ecology thought that in order for the theory of 
natural selection to be relevant to the understanding of a particular behavior, that 
behavior must be under strict genetic control. The posture of behavioral ecology 
on this issue has been clarified by Alan Grafen ( 1  984) under the label “the pheno- 
typic gambit.” This phrase refers to the fact that behavioral ecologists focus on 
phenotypes, which may be influenced by many nongenetic factors such as envi- 
ronment and culture, rather than genotypes, and set aside the details of the herita- 
ble basis of the traits in question as neither directly relevant to the behavioral 
ecological project nor feasible to demonstrate in most cases (see also Smith and 
Winterhalder 1992:33-34). Theoretical developments in other areas, such as sex- 
ual selection (e.g., Grafen 1990a, 1990b; Hamilton and Zuk 1982; Zahavi et al. 
1997), sexual attractiveness (e.g., Gangestad and Thornhill 1996), life history the- 
ory (see Hill 1993), game theoretical models (see Weibull 1995), and animal com- 
munication (see Dawkins and Krebs 1978; Hauser 1996; Johnstone 1997; Krebs 
and Dawkins 1984; Zahavi et al. 1997) also have had an impact on human behav- 
ioral ecology and evolutionary psychology. At the same time, human behavioral 
ecologists and their allies have begun to tackle problems unique to the species they 
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study, including culture (e.g., Barkow 1989; Boyd and Richerson 1985; Cronk 
1995; Durham 199 1 ; and Irons 1979), morality (Alexander 1987; Cronk 1994a, 
I994b; Frank 1988; Irons I99 1, 1996; de Waal 1996), and the demographic tran- 
sition (see chapters in this volume by Kaplan and Lancaster, Low, Luttbeg and col- 
leagues, and Mace). 

BACKGROUND TO THIS VOLUME 

This volume was conceived of as a way both to update and to commemorate 
E 1’0 I i! t ion ci n Biology cm cl Hit nimi Socici I Bekci vio I-:  A ii A 11 tk I upo log i d  Pe r s p c  - 
tive. Accordingly, we thought an appropriate way to start would be with sessions 
at the 1996 annual meetings of the American Anthropological Association, and we 
eventually organized two long sessions involving a total of twenty-six papers and 
two discussants. As was the case with the 1976 session and the 1979 volume, the 
presentations at the I996 meeting form the core of this volume. 

For the most part, this volume is organized along fairly traditional lines in 
behavioral ecology. It begins with “Some Statements of Theory,” a title borrowed 
from the 1979 volume. Whereas in the 1970s it was necessary to begin with chap- 
ters that introduced the general approach, its fundamental concepts, and some of 
its key hypotheses, twenty years later the basics of the paradigm are widely 
enough known and so generally agreed upon by most practitioners that restating 
the basics no longer seems necessary. Instead, we begin with this chapter that puts 
the volume in a historical context and the next chapter by Smith that compares the 
approach taken in most of this volume with other contemporary approaches to the 
evolutionary biological study of human behavior. 

Behavioral ecologists think in terms of the allocation of effort, and traditionally 
the starting point is somatic effort, i n  other words, what an organism does to 
develop and maintain itself. Although a few years ago a book like this probably 
would have begun with a section on somatic behavior featuring a series of optimal 
foraging studies, in the 1990s most research on human foraging is being conducted 
not solely with an eye toward understanding diet and patch choices but rather as 
integral parts of examinations of reproductive and social behavior. In this volume, 
for example, data on food acquisition play a role in  but are not the central focus of 
chapters by Blurton Jones and colleagues on divorce i n  hunting and gathering soci- 
eties, by Hawkes and her coauthors on grandmothers and the origins of human 
females’ long postmenopausal lifespans. by Sugiyama and Chacon on injury risk 
and foraging strategies, and by Sosis on cooperative fishing. Accordingly, although 
this volume contains a great deal of inforination about foraging. the data are dis- 
tributed throughout the volume rather than collected i n  a single section. 

Two sections of the book concern reproductive behavior, divided into the tra- 
ditional categories of mating and parenting. Beverly Strassmann’s chapter on the 
Dogon of Mali examines the costs of polygyny to women in terms of child sur- 
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vivorship. The chapter by Nicholas Blurton Jones, Frank W. Marlowe, Kristen 
Hawkes, and J a m s  E O'Connell examines divorce rates in several hunter- 
gatherer societies and finds little support for the traditional paternal investment 
theory of human pair bonding. The chapter by Daniel W. Scllen. Monique Ror- 
gcrhoff Mulder. and Danicla Sieff examines the costs and benefits of polygyny 
among tlie Eyasi Datoga of' Tmzania. finding, among other things, that having a 
single co-wife can be costly. especially to women married to poor men. and sug- 
gesting that we need to look at the constraints on women's choices if we are to 
understand the maintenance of polygyny i n  this group. Napoleon Chagnon 
Lipdates his earlier work ( 1988) on Yiinoinanio kin term manipulation as a form of 
reproductive competition. showing that adult males are more accurate than adult 
feinales i n  classifying their kin.  Doiig Jones combines an anthropological interest 
in  the cultural construction of' race with an evolutionary psychological interest in  
ph y s i ca 1 ii t t rac t i ve 11 e s s i n a s t LI d y of rac i a1 cii teg or i za t i o i i  and attractive i i  es s rat i 11 g s 
by Brazilian men and women. 

The next gro~ip of chapters examines why people take care of childreii in  the 
ways that they do: Wliy do some parents invest iiiore in [heir offspring than do 
other parents'? Wliy do soiiie men invest in  children that are not their own'? Wliy 
do some parents invest iiiore heavily i n  solis wliile others invest more i n  daugh- 
tcrs'? Why d o  women's life histories make i t  possible for them to invest in their 
grandoffspring rather than having ~iiorc offspring of their own'? Barry S.  Hewlctt, 
Micliael E. Lamb? Birgit Leyendeckci-. and Axe1 Schiilmerich iise data from for- 
ag i ng , fur m i ng . and i ndu s t ri a1 i zed soc i et ics to eval LI a t e t 11 ree adapt at i on i s t models 
of parental invcsriiient. Jane R .  Lancaster and Hillard S.  Kaplan LISC data  from their 
large survey of men in Albuquerque. New Mexico. to  examine the question of why 
men sometimes behave parentiilly toward cliildren tlicy know not to be their own 
offspring, finding that  tlic child in  question is us~ially either 11 relative of the 
investor. making tlic investment 11 foi-111 of kiii iiltrLiisiii. or the investor's mate's 
child. making tlie investment ;I form of  iiiating effort. The chapters by Lee Cronk 
and Williiiiii Irons preseiit tests of tlie Trivers-Willrird hy~iotliesis of scx-biased 
iiarental investineiit both i n  a society known tor feiiinle-biased parental beliavior 
and in one with ;I reputation for male fiivoi-itism. In thcir chaptcr. Kristen Iiawkes. 
Jaiiics F. O'Connell. Nicliolas Blur.ton Jones. H. Alvarcz. and E. L. Cliarnov pro- 
pose t 11 LI t h LI m an fc in a1 e s ' 1 on E post m cii opa~i  s a1 1 i fe s pa 11 s m ay h w ~ '  evo 1 ved 
bccaLise of the ability of older womcn to help their youiiser kin reproduce. 

The next  section breaks from tradition in IiLiiiian behavioral ccolosy by look- 
ing not at why or how people have so many children but rather at why in some 
societies they have so few. With encouragement from critics like Viniiig ( 1086). i n  
recent years a numbci- of bohavioral ecologists have examined tlic problem of the 
demographic transition: Why have people i n  the wealthiest. most economically 
de\~eloped societies increasingly chosen to have so few offspring'? Does this fiict 
Linclerminc and even falsify the entire behavioral ecological project. ;is sonic 
woLild argue. o r  is there instead an evolutionary logic behind the limitation of 
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family size? Ruth Mace’s chapter examines this question with a dynamic niodel of 
decisions about the timing of reproduction and the inheritance of wealth and finds 
that increases in the costs of children may be a key to the fertility reduction asso- 
ciated with the demographic transition. Hillard S.  Kaplan and Jane B. Lancaster 
use data from their large survey of Albuquerque men to test their hypothesis that 
fertility reductions in modern societies reflect a response on the part of parents to 
an environment in which the wages workers receive, and hence their wealth, is 
directly linked to the costs of obtaining the skills necessary to be competitive in 
today’s skills-based labor markets. Bobbi Low takes a critical look at the problem 
of the demographic transition, arguing that in order to solve i t  we need better data 
as well as a better understanding of the relationship between resource consump- 
tion and fertility. Finally in this section, Barney Luttbeg, Monique Borgerhoff 
Mulder, and Marc Mangel present the results of a dynamic model of men’s deci- 
sions to take additional wives, recommending that similar modeling methods 
would be useful in the study of the reproductive decisions of people during the 
demographic transition.3 

The chapters on sociality demonstrate the extent to which human behavioral 
ecologists have gone beyond simple demonstrations of nepotism to the exaniina- 
tion of a range of other factors influencing reciprocal aid and cooperation. 
Lawrence Sugiyaina and Richard Chacon examine the effects of pathology on the 
productivity of foraging among the Yora and Shiwiar of the Ecuadorian Amazon, 
suggesting that the need to receive aid when disabled may help explain a variety 
of social phenomena including group sizes and food sharing. Raymond Hames 
looks at food sharing among the Yanomanio, finding that i t  is mostly restricted to 
groups of households who preferentially share with each other. John Q. Patton 
examines the role of altruism in warfare in the Ecuadorian Amazon. Richard Sosis 
tests theoretical models of the emergence and stability of cooperative foraging 
with data on cooperative fishing and fish catch distribution from the Micronesian 
atoll of Ifaluk. Finally, J.  Patrick Gray provides a critical and constructive com- 
mentary on the state of this approach more than two decades after i t  began to take 
off, suggesting, among other things, that in the future selectionist social science 
needs to do more to incorporate the concept of culture. 

THE FUTURE 

Explanation in biology is usually conceived of as occurring on four comple- 
mentary levels: evolutionary or phylogenetic explanations that focus on the ori- 
gins and evolutionary history of a trait; ultimate or distal explanations that focus 
on how the trait is spread and maintained through its positive effects on the inclu- 
sive fitness of its bearers; developmental or ontogenetic explanations that focus on 
how the trait develops during the lifetime of the individual organisms; and proxi- 
mate explanations that focus on the immediate details of the trait’s expression in 
individual organisms (based on Mayr 1961 and Tinbergen 1963). Behavioral ecol- 
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ogy has focused primarily on ultimate or distal explanations, but we agree with 
Barkow (1 989), Cronk ( 199 1 ), and others who have called for increased vertical 
integration in the evolutionary study of human behavior. Major steps in this direc- 
tion have already been taken, particularly in the areas of hominid evolutionary 
ecology (Alexander 1990; Foley 1987, 1992), evolutionary developmental psy- 
chology (e.g., Belsky, Steinberg, and Draper 199 1 ), and the study of the proximate 
psychological and physiological factors influencing human behavior (e.g., Flinn 
and England 1995). Along with increased vertical integration, there is a need for 
increased horizontal integration among a variety of complementary and closely 
related approaches, including behavioral ecology, cultural transmission theory, 
evolutionary psychology, behavior genetics, and reproductive ecology. In addi- 
tion, we need to improve our field methods, our models, and our methods of analy- 
sis, and we need to tackle tougher subjects that either may challenge our approach 
or lie outside our traditional areas of inquiry. 

These tendencies are already evident in current research, and inany of them are 
well demonstrated in this volume. A move toward a blending of behavioral ecol- 
ogy and evolutionary psychology is indicated by Jones’s chapter on sexual attrac- 
tiveness in Brazil. Improved research design and field methods are evident in 
many chapters, including the prospective design of Strassmann’s study of Dogon 
polygyny and child mortality, Cronk’s and Selleii and his coauthors’ use of anthro- 
pometry to assess child growth performance, the systematic behavioral observa- 
tions used in Strassmann’s, Cronk’s, and Hewlett and colleagues’ chapters to 
assess childcare patterns, Chagnon’s creative interview techniques, and the large- 
scale survey of Kaplan and Lancaster and Lancaster and Kaplan. More sophisti- 
cated inodeling techniques are demonstrated in the chapters by Luttbeg and 
colleagues, Mace, and Sosis. Innovations in data analysis are exemplified by 
Jones’s and Patton’s use of multidimensional scaling techniques. Theoretical 
progress is evident in many chapters, including Blurton Jones and colleagues’ 
rethinking of the nature of human pair bonding, Hawkes and colleagues’ use of 
new developments in life history theory, Sugiyama and Chacon’s insights into the 
influence of pathology risk on human social behavior, the distinction Hames draws 
between food-sharing patterns among the horticultural Yanomamo and that seen 
in  foraging groups, and Kaplan and Lancaster’s skills-based competitive labor 
markets theory of the demographic transition. And, finally, a willingness-indeed, 
an eagerness-to tackle subjects that are daunting in their coinplexity and that 
have been promoted as challenges to the entire approach (e.g., Vining 1986) is 
well demonstrated by the four chapters on demographic transition theory by 
Kaplan and Lancaster, Low, Luttbeg and colleagues, and Mace. 

CONCLUSION 

A legitimate question to ask of any research program is whether i t  has produced 
any new knowledge. Human behavioral ecology and closely related approaches 
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can give a confident affirmative answer to this question. Thanks to the research 
that has gone on over the past twenty years, we know that human nature is not the 
blank slate i t  once was thought to be. Rather, to continue the metaphor, the slate 
has much written on it, and some things are much easier to write on i t  than others. 
We know for example that human beings tend to learn with ease who their rela- 
tives are and to be more cooperative and less competitive in dealing with them than 
with nonrelatives. We know that they tend to adjust their parenting strategies so as 
to be more nurturing of children of the sex with the greater reproductive potential 
if there is a predictable difference in reproductive opportunities. We know that 
although men’s and women’s niate preferences have considerable overlap, they 
also differ, on average, in a way predicted by evolutionary theory. We know that 
in a variety of contexts. ranging from foraging to cooperative arrangements, peo- 
ple tend to respond to costs and benefits as measured in terms of inclusive fitness 
or a good proxy currency. We know that in societies that resemble those i n  which 
humans evolved, the goals people consciously strive to achieve generally correlate 
with reproductive success. This accumulated knowledge represents considerable 
progress since the time of Evolutioriay Biology crrzd Humor? Socid Behavioi; 
when we hypothesized these tendencies but could offer only a few empirical tests 
of them. We now have a large body of data from many different societies, giving 
the field a solid foundation and setting the stage for further refinements of the 
approach. We hope that the readers of this volume find that the studies included 
here take us even further toward our goals. 

SUMMARY 

1 .  Human behavioral ecology has its theoretical roots primarily in the 1960s 
and early 1970s in work by W. D. Hamilton and Robert Trivers on sociality and 
parental investment, George C. Williams on the issues of adaptation and levels of 
selection, and Robert MacArthur and Eric Pianka on foraging strategies. 

Research into the evolutionary biology of human behavior began in earnest 
in the 1970s and was showcased in a session organized by Napoleon A. Chagnon 
and William Irons at the 1976 annual meetings of the American Anthropological 
Association and in a subsequent edited volume, Evolutionci? Biology arid H~inicrri 
Social Behavior: Arz Ar?tlzr~~i~ological Perspective (Chagnoii and Irons 1979). The 
present volume is in part in commemoration of the twentieth anniversary of that 
early work. 

Although initial reaction to this new approach was sharply critical, espe- 
cially among cultural anthropologists, over the past two decades the approach has 
gained new adherents and has developed in terms of its empirical findings, its 
methods, and its theories. Its development has been aided in this by the establish- 
ment of a number of new journals and organizations dedicated to research on the 
evolution of human behavior. 

2. 

3. 



Two Decades of a New Paradigm 21 

4. Human behavioral ecology can claim to have produced a great deal of new 
knowledge on many fundamental issues in the evolution of human behavior. The 
state of the art of this new and still rapidly developing approach is exemplified by 
the chapters in this volume on such issues as mating, parenting, the demographic 
transition, and sociality. 

NOTES 

1. For example, Jerorne Barkow, Rada Dyson-Hudson, and Eric Alden Smith pre- 
sented papers at the AAA symposia that, for various reasons, were not included in the 1979 
volume, Nicholas Blurton Jones and John Hartung began to publish such work at about this 
time, and Bruce Winterhalder (1977) had recently completed the first application of opti- 
mal foraging theory to humans. 

Justifying oppression and describing it are not the same thing. One needs to keep 
the naturalistic fallacy in mind. We challenge anyone to make a good argument to the effect 
that any of the chapters in this volume justify, as opposed to describe, oppression. 

For a recent example, see Dagg 1998 and the response by Silk and Stanford 1999. 
For other evolutionary approaches to the demographic transition not included in 

2. 

3. 
4. 

this volume, see Bereczkei 1998; Rogers 1992; and Turke 1989. 
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Three Styles in the Evolutionary Analysis of 
Human Behavior 

ERIC ALDEN SMITH 

A theory does not give concIusions-it directs the nature of the research, but each 
application of the theory demands careful research. . . . There is no way for a scien- 
tist to leap directly from genetic or evolutionary theory to conclusions about human 
behavior. The principal task for the scientist is the research that links theory and 
conclusion. 

--Sherwood L. Washburn (1978) 

As the title indicates, my chapter is focused on the diversity contained within the 
field of inquiry surveyed in this volume. Specifically, I want to compare the 
approaches known as evolutionary psychology, behavioral ecology, and dual inher- 
itance theory with respect to their key assumptions, explanatory goals, and realms 
of application. These distinct approaches to evolutionary analysis of human behav- 
ior have each crystallized during the twenty-plus years since Chagnon and Irons 
organized the 1976 American Anthropological Association symposia cornmemo- 
rated here-symposia which coincided roughly with the publication of E. 0. Wil- 
son’s Sociobiology (1975) and Dawkins’s The SeEfish Gene (1976). After surveying 
the three approaches, I will consider why they have come to be seen as competing 
alternatives, and then explore to what extent it might make better sense to see them 
as complementary. Although most comparisons to date have been rather partisan or 
even polemical, and I myself am closely identified with one of the approaches 
(behavioral ecology), in this essay I do my best to provide an even-handed account. 

EVOLUTIONARY PSYCHOLOGY 

Evolutionary psychology (EP), as the name suggests, applies evolutionary rea- 
soning to psychological phenomena. The goal of EP, as succinctly put by Symons 
(1 992: 137), is to uncover “the psychological mechanisms that underpin 
human . . , behavior, and . . . the selective forces that shaped those mechanisms.” 

27 
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Reviews of this approach can be found in Barkow, et al. (1992), Buss (1993, and 
Daly and Wilson (1997). 

EP embraces several key assumptions, which 1 will term modularity, historic- 
ity, adaptive specificity, and environmental novelty. ModuZarity posits that human 
behavior is guided by specialized cognitive mechanisms performing specialized 
tasks rather than “general purpose” mechanisms that work across multiple behav- 
ioral domains, This assumption is taken directly from contemporary cognitive 
psychology, and indeed most of the evidence for it is developed in that field in 
nonevolutionary (Le., standard psychological) analyses. Historicity refers to the 
EP assumption that natural selection shaped these modular cognitive mechanisms 
to produce adaptive behavior in the so-called EEA (“environment of evolutionary 
adaptedness”), meaning past environments of long duration and consistent selec- 
tive pressures (Bowlby 1969; Symons 1987). Adaptive speciJicity holds that these 
modular products of our evolutionary history are designed to produce very specific 
adaptive outcomes: male preference €or mates who are youthful, healthy, and 
beautiful, for example (Buss 1994). Finally, environmental novelty refers to the EP 
view that modern (post-Paleolithic) environments are characterized by an 
unprecedented degree of novelty, owing to extensive sociocultural change follow- 
ing the abandonment of a foraging way of life. 

From these assumptions, evolutionary psychologists deduce the following 
consequences: 

1. 

2. 

VaIid adaptive (Darwinian) explanations of behavior must refer to geneti- 
cally evolved psychological mechanisms linked to specific features of the EEA. 

“Culture,” “learning,” “rational choice,” and “fitness maximizing” are 
insufficiently modular (without further specification) to be realistic cognitive or 
behavioral mechanisms. 

Contemporary human behavior often involves responses to evolutionarily 
novel conditions using modular cognitive mechanisms adapted to the EEA, and 
hence some of these responses may be maladaptive. 

Measuring fitness outcomes or correlates of cdntemporary behavioral pat- 
terns is irrelevant and misleading. 

3. 

4. 

To date, the great bulk of research in EP has been focused on mating behavior, 
particularly mate preferences (reviewed in Buss 1994). Prominent work has also 
been done on violence, particularly in the contexts of male-male competition, 
male mate-guarding, and conflicts over parental investment in dependent young 
(e.g., DaIy and Wilson 1988; Thornhill and Thornhill 1992). Surprisingly, very lit- 
tle EP research has actually focused on documenting the existence of modular 
cognitive mechanisms, though an exception is the work of Cosmides and Tooby 
on reasoning concerned with detecting cheaters in social exchange situations. 

This topic of social exchange will serve here as a heuristic example of differing 
research strategies in the three approaches. The EP approach to social exchange has 
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of course focused on the notion that humans have a specialized cognitive mecha- 
nism for monitoring such exchange (Cosmides and Tooby 1989). The hypothesis 
is given an evolutionary basis by proposing that such exchanges were especially 
adaptive in the EEA-that is, among Pleistocene hunter-gatherers, who had both 
the ecological conditions favoring delayed reciprocity (particularly of hunted 
game) and the social and cognitive preadaptations needed to stabilize it against free 
riding (small groups, repeated opportunities for interaction, good memory and indi- 
vidual recognition) (Axelrod and Hamilton 198 1; Trivers 197 1). 

Evidence adduced in favor of the hypothesis consists primarily of pencil-and- 
paper tests (based on the logic problem known as the Wason selection task) con- 
ducted among college students, although a sample of nonliterate Shiwiar Indian 
subjects in Amazonian Ecuador has also been tested (Tooby, personal communi- 
cation) .l The results indicate that narrative content involving social contracts and 
the possibility of cheating is a powerful predictor of success in these tests (Cos- 
mides 1989; Cosmides and Tooby 1992; Gigerenzer and Hug 1992; but cf. Davies 
et al. 1995; Pollard 1990). 

HUMAN BEHAVIORAL ECOLOGY 

Behavioral ecology (BE) is the branch of evolutionary ecology concerned with 
tracing the link between ecological factors and adaptive behavior (Krebs and 
Davies 1997). This approach to the study of human populations began to appear 
about twenty years ago, and such studies have been reviewed several times (Bor- 
gerhoff Mulder 1 99 1 ; Cronk 199 1 ; Smith 1992; Smith and Winterhalder 1992; 
Winterhalder and Smith 2000). 

The key assumptions of HBE (or BE in general) include its ecological selec- 
tionist logic, a “piecemeal” analytical approach, a reliance on modeling, a focus 
on “decision rules” or “conditional” strategies, and the so-called phenotypic gam- 
bit. Ecological selectionism consists of analyzing any behavioral phenomenon by 
asking “What are the ecological forces that select for behavior X?” The “ecologi- 
cal” part of this logic means that HBEs usually look to environmental features 
(e.g., resource density, competitor frequency) and examine the covariation in these 
features and the behavior of interest (e.g., territorial defense). The “selectionist” 
aspect means that predictions about this covariation are derived from expectations 
about what patterns we expect natural selection to favor. This of course sidesteps 
two complex issues (on which more below): Does natural selection act on this 
variation, and how? Do current selective forces correspond to the evolutionary 
past? 

The piecemeal approach holds that complex socioecological phenomenon are 
fruitfully studied piece by piece-in a reductionist rather than holistic fashion. 
Thus, a complex problem such as explaining the marriage patterns in a population 
is broken down into a set of component decisions and constraints such as the 
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female preferences for mate characteristics, male preferences, the distribution of 
these characteristics in the population, the ecological and historical determinants 
of this distribution, and so on. This piecemeal analysis relies on a series of simple 
and general analytical modeZs (e.g., the polygyny threshold model-Borgerhoff 
Mulder 1990; Orians 1969); the assumption is that such models are fruitful 
sources of testable hypotheses (e.g., the number of wives per male will be propor- 
tional to their wealth; a female will choose to marry the male who provides the 
greatest expected share of resources to her, hence equilibrating female fitness 
across polygynous and monogamous marriages). 

HBE usually frames the study of adaptive design in terms of “decision rules” 
(Krebs 1978) or conditional strategies. These are abstract and somewhat 
metaphorical ways of conceiving the covariation of behavior and socioecological 
environment, having the general form “In context X, do a; in context Y, switch to 
p,” Thus, HBEs tend to focus on explaining behavioral variation as adaptive 
responses to environmental variation; they assume that this adaptive variation 
(facultative behavior, phenotypic response) is governed by evolved mechanisms 
that instantiate the relevant conditional strategy or decision rule. This assumption, 
which takes a “black-box” approach to the actual mechanisms involved, is part of 
what Grafen (1984) terms the phenotypic gambit. This means taking a calculated 
risk to ignore the (generally unknown) details of inheritance (genetic or cultural), 
cognitive mechanisms, and phylogenetic history that may pertain to a given deci- 
sion rule and behavioral domain in hopes that these don’t matter to the end result. 
Put another way, the phenotypic gambit posits that the genetic, phylogenetic, and 
cognitive constraints on phenotypic adaptation are minimal, and hence as a first 
approximation can be ignored in constructing models and generating or testing 
hypotheses. 

Human behavioral ecologists draw several key conclusions from these assump- 
tions, including: 

1. Behavioral diversity is largely a result of diversity in the contemporary 
socioecological environment (rather than in Contemporary variation in genes or 
cultural inheritance, or in past environments). 

2. Adaptive relationships between behavior and environment may arise from 
many different mechanisms; hence HBE is generally agnostic about mechanisms 
(including the question of cognitive modularity). 

Since humans are capable of rapid adaptive shifts in phenotype, they are 
likely to be well-adapted to most features of contemporary environments, and to 
exhibit relatively little adaptive lag. 

3. 

These conclusions obviously conflict with some of those drawn by evolution- 
ary psychology (EP) and dual inheritance theory (DIT), a point to which 1 will 
return. 
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Most HBE research has focused on subsistence and resource exchange (partic- 
ularly in foraging societies), on parental investment (e.g., birth spacing, gender 
differences in parenting), and on reproductive strategies (e.g., polygyny vs. 
monogamy vs. polyandry) (reviews in Borgerhoff Mulder 1991 ; Cronk 1991 ; 
Smith and Winterhalder 1992; Winterhalder and Smith 2000). 

As with EP, we can briefly examine the HBE analysis of social exchange as a 
heuristic example of this research strategy. Whereas EP has concerned itself with 
the cognitive mechanisms underlying social exchange, and tested for evidence of 
these in controlled experimental (but thus nonnaturalistic) circumstances, HBE 
research has focused on quantifying the behavioral occurrence, socioecological 
context, and fitness-correlated payoffs from food exchange in extant hunter- 
gatherer and horticultural populations (e.g., Bed6 1988; Hames 1990, this volume; 
Kaplan and Hill 1985). Increasingly, this work is motivated by attempts to evalu- 
ate alternative models or hypotheses concerning the selective factors that may 
favor observed patterns of food transfer (Winterhalder 1996). The candidates 
include delayed reciprocity for risk reduction (Smith 1983,1985,1988; Smith and 
Boyd 1990; Winterhalder 1986, 1990), tolerated theft (Bliege Bird and Bird 1997; 
Blurton Jones 1984; Boone 1992; Hawkes 1992), trade of food for social benefits 
such as sexual access (Hawkes 1990, 1991, 1993; Kaplan et al. 1990), lun selec- 
tion (Morgan 1979; Palmer 1991), and group selection (Wilson 1998). In light of 
this unresolved debate, it is interesting to note that EP analyses of social exchange 
assume that only the first of these mechanisms is at work and are not designed to 
test the competing assumptions just noted. 

DUAL INHERITANCE THEORY 

The dual inheritance (DIT) approach refers to studies that view culture and 
genes as providing separate (but linked) systems of inheritance, variation, and fit- 
ness effects-and hence of distinct but interacting evolutionary change. Reviews 
of this work can be found in Boyd and Richerson (1985), Durham (1990, 1991, 
1992), Pdliarn and Dunford (1980), and Richerson and Boyd (1992). 

Key assumptions of DIT include cultural inheritance, multiple forces, popula- 
tion modeling, and codetermination. Inheritance refers to the idea that culture is 
information that is acquired socially-that it is a (nongenetic) system of inheri- 
tance. This is meant to contrast culture with information acquired through nonso- 
cial learning, as well as genetically inherited information. Most DIT practitioners 
posit that the spread of cultural information or “mernes” (Dawkins 1976) is 
affected by multiple forces: natural selection (differential fitness of culturally 
inherited variation), decision making (based on genetically or culturally evolved 
preferences and constraints, and subject to manipulation and coercion by others), 
and transmitter influence or prominence (since cultural “parents” need not be bio- 
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logical parents). These various forces or dynamics are analyzed via modeling that 
Iinks individual characteristics (such as memes) with population-level processes 
(such as meme frequency), in a manner analogous to (and sometimes directly bor- 
rowed from) evolutionary population genetics. Finally, the codetermination 
assumption holds that human behavior is jointly shaped by genetic, cultural, and 
(nonsocial) environmental influences, thus advancing a form of explanatory plu- 
ralism notably lacking from the “purer” versions of EP and HBE. 

Conclusions that DIT scholars deduce from these assumptions include the fol- 
lowing: 

1. Since culture exhibits the three characteristics required for evolution by 
natural selection (variation, heritability, fitness effects), cultural evolution can be 
analyzed using neo-Darwinian methods. 

Since cultural inheritance differs from genetic inheritance in key ways 
(e.g., non-parental transmission, multiple transmission events over a lifetime), the 
evolutionary dynamics of culture will also differ in important but analytically 
understandable ways. 

Genetically nonadaptive cultural evolution is possible, and it is more likely 
when the differences just referred to are most marked (e.g., modern bureaucratic 
societies and other hierarchical social/enculturation structures). 

2. 

3. 

Thus, in contrast to classical forms of cultural evolutionism (e.g., White 1959; 
Sahlins and Service 1960) as well as what some term “evolutionary archaeology” 
(O’Brien 1996; cf. Boone and Smith 1998), DXT practitioners posit that cultural 
evolution is embedded in and constrained by genetically evolved psychological 
propensities. Indeed, one of the primary themes of DIT is the development of sce- 
narios or models for the genetic evolution by natural selection of particular mech- 
anisms of cultural transmission (see especially Boyd and Richerson 1985:98ff., 
1995; Rogers 1988). But in contrast to classical sociobiology, or most varieties of 
EP and HBE, DIT holds that culture can sometimes evolve in directions quite dif- 
ferent from what we would predict from genetic evolution alone, including genet- 
ically maladaptive directions. DIT is not, however, primarily a theory about how 
cultural evolution supersedes genetic evolution and takes humans down a rnal- 
adaptive but independent pathway, as some of its critics as well as naive support- 
ers too often claim. Indeed, the general thrust of both Durham’s (1991) version as 
well as recent work by Richerson and Boyd (1998, 1999) is that mechanisms of 
cultural evolution often find ways of improving on adaptive outcomes compared 
to what can be achieved by ordinary genetic evolution plus phenotypic adaptation. 

To date, DIT has focused primarily on mathematical rnodeling of various pos- 
sible patterns of cultural evolution or of gene-culture coevolution. Hence it is the- 
oretically rich and sophisticated, but empirically impoverished; indeed, the most 
detailed empirical studies in the DIT literature seem to converge very closely to 
the HBE approach (Borgerhoff Mulder and Mitchell 1994). 
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In parallel with my discussions of EP and HBE, we can briefly consider DIT 
research on social exchange. Since collective action often involves systems of 
widespread and indirect reciprocity (e.g., serving as a soldier on behalf of one’s 
society is reciprocated with various kinds of rewards to the soldier or his kin), it 
qualifies as a form of social exchange, Boyd and Richerson (1982, 1985, 1987) 
have constructed models of cultural group selection of such group-beneficial 
behaviors. These models show that cultural inheritance plus conformity transmis- 
sion (“when in Rome, do as the Romans do”) can in principle create and maintain 
significant between-group differences despite reasonable rates of migration 
between these groups, thus avoiding a major obstacle facing classical forms of 
genetic group selection. 

The mechanism of group selection most commonly proposed in this regard is 
group dissolution due to warfare, with refugees from defeated groups being 
absorbed by allied groups; if culturally transmitted traits that favor socially altru- 
istic traits (e.g., contributing to the colIective good of military defense and 
offense) decrease the probability of group defeat and dissolution, then these could 
spread by cultural group selection (Peoples 1982). However, a recent examination 
of empirical evidence from highland New Guinea (Soltis et al. 1993, an area of 
chronic between-group hostilities, indicated that historical rates of group dissolu- 
tion are probably too low to make this a plausible mechanism for the generation 
of a substantial amount of the variation in New Guinea in group-cooperative 
behavior, It remains a viable hypothesis to explain slower trends in cultural evo- 
lution (e.g., the r ise of urban city-states), however (kcherson and Boyd 1999). 

COMPETITION OR PLURALISM? 

Given the distance between Darwin’s general theory of evolutionary adaptation 
and the specifics of human behavior (as suggested in my epigraph from Wash- 
burn), the development of divergent styles in the evolutionary analysis of human 
behavior was perhaps inevitable. There are many plausible ways to go about fill- 
ing the chasm between general theory and empirical data, and different “schools” 
have coalesced around those who pioneered various tracks through this terra 
incognita. In addition, this divergence reflects differing research traditions and 
academic disciplines-ethnography, cognitive psychology, evolutionary ecology, 
population genetics-that predate the emergence of modern evolutionary studies 
of human behavior. Indeed, it may be that the three- part division is found through- 
out the social and behavioral sciences: approaches that see behavior as a manifes- 
tation of underlying mental structures (e.g., psychoanalytic theory, structuralism, 
Chomskian linguistics), those that focus on determination by supra-individual 
structures (e.g., classical cultural determinism, classical sociology, Foucauldian 
theory), and those that model behavior in terms of costs and benefits (e.g., operant 
conditioning, rational choice theory, social exchange theory).2 
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Yet there is more to this divergence than simple cultural inertia or division of 
labor, for the differences between these three approaches reflect underlying fault 
lines concerning fundamental questions about the explanatory logic of Darwinism 
as applied to human behavior. As a result, the three approaches just surveyed have 
been portrayed by proponents of each as self-sufficient, and as alternatives to or 
competitors of the other approaches. But there are good reasons to see them as 
complementary as well (a point also made by Blurton Jones 1990 and Borgerhoff 
Mulder et al., 1997). 

As summarized in Table 2.1, the three approaches differ in several ways. First, 
although all three ostensibly share the same goal of using Darwinian theory to ana- 
lyze human behavior, in fact they identify different explananda (objects of expla- 
nation). EP’s explanandurn is the panhuman set of genetically evolved 
psychol0,gical predispositions that are believed to provide the “missing link” 
between evolution and behavior (Cosmides and Tooby 1987). These predisposi- 
tions are presumed to take the form of cognitive algorithms or decision rules, in 
conformity with EP’s parent discipline of cognitive psychology. The primary 
explanandurn in HBE is observable patterns of behavior, with the goal of linking 
these patterns to environmental conditions (as eliciting factors) and to fitness- cor- 
related payoffs (as reinforcing outcomes). For DIT, the explananda consist of cul- 
turally and genetically inherited information (memes and genes) that are shaped 
by evolutionary forces and that in turn shape cognitive algorithms and behavioral 
responses. Thus, DIT-following the tradition of its parent discipline of evolu- 
tionary genetics-focuses on the evolutionary equilibria and dynamics of herita- 
ble information, as well as the ways in which this information is transmitted. 

Table 2.1. Summary comparison of the three styles of explanation. 

Evolutionary Beha vioral Dual Transmission 
Psychology Ecology Theory 

Explanandum: 

Key constraints: 
Temporal scale of 

adaptive change: 
Expected current 

adaptiveness: 
Hypothesis generation: 

Hypothesis-testing 
methods: 

Favored topics : 

Psychological 
mechanisms 

Cognitive, genetic 
Long-term (genetic) 

Lowest 

Informal inference 

Survey, lab experiment 

Mating, parenting, sex 
differences 

Behavioral strategies 

Ecological, material 
Short- term (phenotypic) 

Highest 

Optimality and ESS 
models 

Quantitative 
ethnographic 
observation 

reproductive strategies 
Subsistence, 

Cultural evolution 

Structural, information 
Medium-term (cultural) 

Intermediate 

Population-level models 

Mathematical modeling 
& simulation 

Large-scale cooperation, 
maIadaptation 
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Most evolutionary social scientists and biologists would agree that complete 
evolutionary explanations of behavior will include (i) heritable information that 
helps build (ii) psychological mechanisms, which in turn produce (iii) behavioral 
responses to (iv) environmental stimuli, resulting in (v) fitness effects that shape the 
evolutionary dynamics of (i) heritable information (see Figure 2.1). DIT focuses on 
culturally inherited components of (i) and its links to (ii) and (v); EP focuses on (ii) 
and its links to (iii) and especially (iv); and HBE focuses on (iii) with attention to 
(iv) and especially (v). While advocates of each approach may be all too human in 
claiming to have the best or only valid perspective on evolution and human behav- 
ior, a more dispassionate assessment might acknowledge that each approach con- 
tributes to understanding the entire set of relevant phenomena. Viewed in this light, 
a tentative case can be made for explanatory complementarity. 

Second, the three approaches utilize different-but potentially complemen- 
tary-methods of data collection and hypothesis testing. EP’s hypothesized cog- 
nitive mechanisms are primarily inferred from questionnaires (surveys and 
paper-and-pencil psychological tests) and from lab experiments in which subjects 
interact with computer images, other subjects (or confederates), or in small 
groups. Again, all this conforms to the parent discipline of academic cognitive 
psychology. In contrast, HBE emphasizes ethnographic methods derived prima- 
rily from its parent discipline of anthropoIogy (and secondarily from its other par- 
ent discipline of behavioral e~ology) .~  DIT’s methods of data collection are 
underdeveloped, but hypothesis testing is likely to rely upon mathematical mod- 
eling (including simulations) as well as cross- cultural tests. 

Each of these methods has strengths and weaknesses, and nune of them seem 
tied in any deep way to the approaches with which they are primarily associated. 
Thus, questionnaires and experiments can generate large quantities of data and 
address domains in which observational data are difficult to collect (such as sexu- 

I I I I 

(iv) Environmental 
Stimuli 

Effects Responses 

Figure 2.1. Causal foci and pathways in evolutionary analysis of behavior. 
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ality); on the other hand, these forms of data collection are subject to bias from 
deception and self-deception, and are sometimes of questionable relevance to 
“real-life” situations. Naturalistic observation uncovers context and provides con- 
crete evidence of adaptive effects of phenotypic variants; yet it is vulnerable to the 
problems of sampling error and “phenotypic correlation” (i.e., confounding vari- 
ables that mask the effects under in~estigation).~ Mathematical modeling and sim- 
ulation can be powerful means of revealing nonintuitive outcomes from a set of 
assumptions, but they can be an ambiguous basis for hypothesis testing since they 
illuminate causality in simplified possible worlds rather than in complex real ones. 
Again, I see these points as supporting the argument for complementarity of the 
three approaches. 

A third dimension in which the differences between our three approaches can 
be seen as complementary is the temporal scales over which they conceive of 
adaptive change. EP’s concern with psychological universals that evolved in past 
episodes of natural selection implies a longer time scale for adaptive change than 
that of the other two approaches. According to some of its proponents (e.g., 
Symons 1989; Tooby and Cosmides 1989, 1990), complex cognitive adaptations 
are likely to have taken shape in the Pleistocene or earlier, and to be maintained 
by phylogenetic inertia for millennia after the selective conditions that favored 
them have vanished. Although various critiques of this position have been pub- 
lished (e.g., Foley 1996; Irons 1990, 1998; Sherman and Reeve 1996; Turke 
1990), it remains a plausible (if relatively untested) account of some patterns of 
human cognition and decision making. 

Because HBE assumes that evolved mechanisms of phenotypic adaptation are 
quite flexible and broad-that we are adapted to a wide range of conditions rather 
than to a particular environmental state-its temporal scale for adaptive change is 
short-term, in behavioral rather than evolutionary time. Viewed this way, there 
should be as much complementarity as conflict between EP and HBE, despite the 
pronouncements of some: EP focuses on delineating adaptations that were genet- 
ically evolved in millennia past, while HBE focuses on how (at least some of) 
these adaptations may produce adaptive behavior in the present, responding to 
local and short-term environmental variation with matching phenotypic variation. 
The temporal scale of DIT is intermediate to these two extremes, given its focus 
on culturally heritable variation that is likely to evolve substantially faster than the 
complex cognitive mechanisms of EP but to adapt to changed conditions less 
quickly on average than the behavioral responses central to HBE.5 

These complementarities between the three approaches are countered by some 
clear contradictions. One of these involves assumptions regarding key constraints 
on adaptation, while a second concerns the degree to which contemporary human 
behavior is predicted to be adaptive. Both of these flow quite logically from the 
differing explananda of the three approaches. Given EP’s focus on genetically 
evolved cognitive mechanisms, it is no surprise that the key constraints to achiev- 
ing adaptive success are seen as cognitive and genetic. If human behavior is 
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guided by special-purpose cognitive algorithms that are genetically canalized and 
adapted to the EEA (see above), and if present social and natural environments are 
markedly different from this EEA, it follows that contemporary behavior may be 
frequently rnaladaptive. In the more extreme versions of this “adaptive lag” argu- 
ment, humans in modern environments resembie computers trying to run new 
software on outdated operating systems. For example, men are viewed as follow- 
ing cognitive algorithms to pursue status and wealth which in the EEA translated 
into reproductive success, but now produce suboptimal fertility or sterile copula- 
tions because of contraception. (Indeed, there is some empirical support for such 
a view; see Kaplan et al. 1995 and Perusse 1993.) 

DIT’s concern with cultural transmission and the tradeoff between acquiring 
adaptive feedback via trial and error versus imitating the local practices (a simple 
form of cultural inheritance) lead it to view key adaptive constraints as informa- 
tional (how hard is it to determine the states of the environment, and the local 
beliefs and practices?) and structural (who are the most likely sources of cultural 
information, and why?). Although some extreme views in the DIT literature sug- 
gest that mernes are best viewed as “mind parasites” that replicate at the expense 
of their human hosts (e.g., Cullen 1995; Dawkins 1993; Lynch 1996), the domi- 
nant position has been that spread of maladaptive memes is a byproduct (though a 
regular and predictable one) of reliance on a system of cultural inheritance that on 
average enhances the fitness of those who posses it (Boyd and Richerson 1985, 
1995; Durham 1976, 1991). 

The HBE approach identifies the key constraints to adaptation as ecological 
and material: unpredictable variance in ecological conditions, limitations of social 
institutions or technology, and phenotypic (nonheritable) differences in power or 
circumstance. Cognitive and genetic, or structural and informational, constraints 
are rarely considered in this tradition, leading some critics to charge HBE with 
hyperadaptationism; whether this charge is justified or not, HBE clearly takes the 
most optimistic view of contemporary adaptiveness of human behavior. While 
committed to empirical tests that can in principle falsify any particular adapta- 
tionist hypothesis, HBE practitioners generally seem to expect that maladaptation 
will be the exception rather than the rule. 

As I’ve already implied, many commentators have identified the key conflict 
between EP and HBE as revolving around the centrality of psychological mecha- 
nisms in evolutionary (adaptive) expIanations. Since much ink has already been 
spilled on this topic, I will simpIy point out that HBE’s agnosticism regarding psy- 
chological mechanisms is not the same as a denial that they play a necessary role 
in any complete explanation of behavior. While some (e.g., Symons 1989) have 
seen this agnosticism as a misplaced fear of genetic reductionism, and others (e.g., 
Tooby and Cosmides 1992) as a variant of standard social science’s naive view of 
cognition, I think it is better seen as a venerable tradition in adaptationist studies, 
part of the “phenotypic gambit” noted earlier. That is, HBE focuses on “why” 
questions (Why did selection design this creature to respond to environmental 
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condition X with phenotypic adaptation a?) at the expense of considering “how” 
questions (What are the mechanisms that produce the phenotypic response?). If 
I’m correct, HBE should exhibit just as much agnosticism concerning physiolog- 
ical mechanisms as psychological ones-which I believe it does.6 

The nub of the conflict between EP and DIT concerns the source of preferences 
and beliefs that inform adaptively significant decisions (Flinn 1997; Richerson 
and Boyd 1989; Rogers 1988). EP’s focus on genetically evolved panhuman cog- 
nitive algorithms tends to make its Practitioners relatively hostile to the DIT view 
that humans acquire a substantial proportion of their beliefs and preferences 
through cultural inheritance, and that these beliefs and preferences can change 
through a process of cultural evolution. In contrast, HBE’s agnostic or ecumenical 
position regarding decision mechanisms creates less overt conflict with DIT, as 
does the fact that DIT practitioners are far more likely to have training and expert- 
ise in evolutionary ecology than in cognitive psychology. 

But more detailed examination reveals that the HBE community is split on the 
issue of cultural evolution, with some granting it great importance while others 
express skepticism or even antipathy to the approach. Similarly, the EP cornmu- 
nity is far from monolithic in rejecting DIT, Indeed, common ground between the 
two approaches can be found in the fact that DIT is founded on the assumption that 
humans have genetically evolved psychological mechanisms to facilitate cultural 
adaptation, including such postulated algorithms as “conformity transmission” 
and “indirect bias” (Boyd and Richerson 1985). Thus, at least some DIT practi- 
tioners (Boyd and Richerson 1983, 1985; Pulliam and Dunford 1980) were doing 
EP before EP was cool-or  had a name. Further complicating the matter is the 
importance that some EP practitioners ascribe to extensive cultural change (none 
dare call it evolution) since the time of the EEA, the source of EP skepticism con- 
cerning HBE attempts to portray post-Pleistocene behavioral innovations as adap- 
tations. For if the divergence from the EEA is a product of cultural change, then 
culture is inescapably important in explaining contemporary human behavior. 

In truth, the conflicts between the three approaches, so starkly drawn in some 
classical position papers (e.g., Durham 1979; Irons 1979; Symons 1989), are 
increasingly ambiguous and muted.7 I view this as one more piece of evidence that 
complementarity should replace conflict as the primary view (and mode) of their 
relations. Ultimately, these issues will have to be worked out via empirical 
research and theory development, rather than through the polemical pronounce- 
ments that have thus far dominated most attempts to confront them. 

True complementarity will be at hand when researchers from the three tradi- 
tions conduct their investigations at a variety of levels and using a variety of tech- 
niques-when cognitive algorithms are analyzed in naturalistic settings as well as 
with experiments or questionnaires, when phenotypic adaptation to socioecologi- 
cal variation is studied experimentally as well as ethnographically, and when mod- 
els of cultural evolution are operationalized and tested against empirical data on a 
sustained basis. Evaluation of the relative efficacy of the three styles in explaining 



Three Styles in the Evolutionary Analysis of Human Behavior 39 

human behavioral adaptation will be possible only when each of them has pro- 
duced a substantial body of data on a single topic, so that we can compare (for 
example) the different predictions each generates concerning the adaptive signifi- 
cance of reduced family size under modernization (is it a rnaladaptive outcome of 
stone-age algorithms, a means of enhancing lineage fitness by preserving herita- 
ble wealth, or a product of cultural evolution when transmission of memes and 
genes is negatively correlated?).* 

Even in areas where contradiction seems to trump complementarity, there may 
be considerable raom for the latter. Thus, while it cannot be simultaneously true 
that a given instance or pattern of human behavior is a product of a genetically pro- 
grammed cognitive algorithm that no longer produces adaptive results, a product 
of a culturally inherited meme that persists because it has high replication rate, and 
a product o f  phenotypic adaptation that is optimally geared to local environmen- 
tal conditions, I see no reason to deny that each of these hypotheses could be true 
for dzferent behavioral domains or instances. 

In sum, it may turn out that each of our three approaches will have limited but 
significant success with different domains of human behavior. More optimistic, 
perhaps, is the hope that the not-too-distant future may see a synthesis of all three 
styles into a robust and pluralistic discipline focused on the evolutionary study of 
human behavior. A similar (if more elegantly phrased) prediction was in fact 
offered by Me1 Konner (1 982:xv) in The Tangled Wing some 15 years ago: 

We prefer simple, clear explanations. This is understandable; we are busy with other 
things. We need theories that . . . transcend the complexities, paring away all that is 
irrelevant, leaving the elegant, decisive beauty of a Euclidean proof. . . 

I offer no such theories. It is my belief that the failure of behavioral science up to 
the present day results, precisely, from the pursuit of them. Marxism, psychoanaly- 
sis, learning theory, structuralism, sociobiology-not a singIe one false in its 
essence, but each one false in its ambitions and in its condemnation of the others. A 
good textbook of human behavioral biology, which we will not have for another fifty 
years, will look not like Euclid’s geometry-a magnificent edifice of proven propo- 
sitions deriving from a set of simple assumptions-but more like a textbook of phys- 
iology or geology, each solution grounded in a separate body of facts and approached 
with a quiverful of different theories, with all the solutions connected in a great com- 
plex web. 

SUMMARY 

1. Three distinct approaches to evolutionary analysis of human behavior have 
developed in recent years: evolutionary psychology (EP), behavioral ecology 
(BE), and dual inheritance theory (DIT). 

EP is based on the assumptions of rnodularity, historicity, adaptive speci- 
ficity, and environmental specificity. 

2. 
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3. BE is based on ecological selectionism, piecemeal analysis, deductive 
modeling, conditional strategies (phenotypic adaptation), and the phenotypic 
gambit (ignoring the possible effects of inheritance, cognitive constraints, and 

DIT assumes culture is a system of inheritance, that cultural change is 
affected by multiple forces (including genetically evolved psychological mecha- 
nisms), and that cultural evolution can be modeled mathematically. 

Competition between the three approaches is fueled by differences in their 
assumptions, analytical methods, and alliances with other disciplines. 

One key issue of contention is empirical: to what degree is contemporary 
human behavior adaptive, and what forces shape it to be adaptive or rnaladaptive? 

Complementarity between the three styles may emerge from using com- 
plementary methods of investigation (e.g., observation vs. experiment), investi- 
gating different levels (e.g., psychological vs. behavioral), analyzing different 
constraints (cognitive, ecological, informational), examining adaptation on differ- 
ent time scales, or focusing on different behavioral domains. 

phy logeny). 
4. 

5 .  

6. 

7. 
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NOTES 

1. The structure of the Wason test is as follows. There is a conditional statement of the 
form “If P, then Q.” This statement is “conditional” in the sense that it is a claim that if con- 
dition P occurs, then result Q will occur. The statement may be true or false. The problem 
is to figure out if the evidence at hand supports the claim or not. The test usually involves a 
short narrative establishing the identity of P, Q, etc., followed by a presentation of four 
cards labeled with statements that signify “P,” “Q,” “not-P,” and “not-Q” on their face, with 
the back of each card indicating whether the conditional rule (“If P, then Q; if not-P, then 
not-Q.”) turned out to be true in the event or social interaction described in the narrative. 
The question before the subject is to decide the minimum set of cards that must be turned 
over in order to see if the rule has been violated; the solution is always to turn over only the 
cards marked “P’ and “not-Q.” Thus, the evidence Cosmides has assembled is that prob- 
lems with a social contract narrative and rule (“If you take the benefit, then you pay the 
cost”) are solved more readily (ca. 65-80% correct) than are problems associated with 
either a familiar (ca. 40%) or unfamiliar (ca. 20%) non-contract narrative. 

2. 
3. 

I thank Lee Cronk (personal communication) for this suggestion. 
Some HBE researchers more strongly influenced by nonhuman behavioraI ecology 

are also motivated by a desire to make their methods and data conform to the standards set 
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by that field. On the other hand, the few extensions of HBE research into urban and indus- 
trialized settings (e.g., Betzig and Lombardo 1992; Kaplan et aI. 1995; Pkrusse 1993) have 
pragmatically adopted a questionnaire method of data collection reminiscent of sociologi- 
cal studies. 

Phenotypic correlation occurs when a predicted effect of a determining variable on 
a phenotypic outcome is confounded by “uncontrolled” variables which also affect the 
same aspect of phenotype and are negatively correlated with the determining variable. For 
example, Lack’s (1954) model of optimal clutch size has been used to generate the hypoth- 
esis that shorter interbirth intervals (IBI) put a strain on mother’s ability to deliver food and 
care to her offspring, and hence increase the mortality risk for dependent children (Blurton 
Jones and Sibly 1978). The resultant prediction is that IBI length shouId be optimized to 
maximize the total number of surviving offspring, with most women exhibiting the optimal 
IBI. While data from the !Kung support this prediction (Blurton Jones 1986), data from the 
Ache do not (Hi11 and Hurtado 1996). As the latter note, the reason might well be due to 
phenotypic correlation: Ache mothers who for other reasons have relatively more resources 
at their disposal will have more resources per offspring and can thus “afford” a shorter IBI. 
The resultant phenotypic correlation means that short IBI can be positively (rather than neg- 
atively) correlated with offspring survival, even though Lack’s tradeoff between more rapid 
reproduction and offspring survival applies. Indeed, Lack had to resort to some experi- 
mental manipulation of clutch size in order to counter such phenotypic correlation in his 
bird studies! 

5. Those parts of DIT that deal with the genetic evolution of mechanisms of cultural 
transmission, or the coevolution of genetic and cultural variation, obviously assume a 
longer-term view of the evolutionary process. 

6. This “physiological agnosticism” then indicates a gap to be filIed, which of course 
has been done for a long time by biological anthropologists interested in human adaptabil- 
ity, including recent work in “reproductive ecology” (Ellison 1994; Wood 1994). However, 
in general this work does not ask questions about adaptive design informed by sociobio- 
logical theory B la Hamilton, Trivers, and Maynard Smith. 

A parallel development is occurring in animal behavior studies; see, for example, 
the introductory chapter (among others) in the latest edition of Krebs and Davies (1997), or 
any issue of the journal Behavioral Ecology. However, not everyone is ready to bury the 
hatchet-vide Buss’s recent (1995:gff.) attack on Alexander, Betzig, Turke et al. under the 
heading “Why I am not a sociobiologist.” 

These three different predictions, generated by practitioners from each of the three 
schools, can be found in various sources, including Symons (1979), Rogers (1990), and 
Boyd and Richerson (1985). 

4. 

7. 

8. 
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Polygyny, Family Structure, and Child Mortality 

A Prospective Study among the Dogon of Mali  

BEVERLY I. STRASSMA” 

The lyrics of Oumou Sangare, Mali’s leading pop-vocalist and feminist, and the 
witticisms of George Bernard Shaw neatly capture two opposing schools of thought 
on polygyny. Sangare, the daughter of a third wife, sings about the emotional cost 
of polygyny for women. Shaw, on the other hand, quipped that: “The maternal 
instinct leads a woman to prefer a tenth share in a first-rate man to the exclusive 
possession of a third-rate one.” Shaw’s view was formalized by the economist Gary 
Becker (198 l) ,  who attempted a mathematical demonstration of the argument that 
women tend to benefit from polygyny. According to Becker, polygynous men give 
a smaller fraction of their resources to each wife, but each wife gets more resources 
than a monogamous man could provide. Becker’s approach echoes the polygyny 
threshold model, originally developed for passerine birds (Verner and Willson 
1966; Orians 1969) and subsequently extended to humans (Borgerhoff Mulder 
1988, 1990; Josephson 1993). Under the polygyny threshold model, polygyny is 
driven by female choice of mates who command more resources. However, females 
might be better off controlling resources themselves, or from a more equitable dis- 
tribution of resources among males, in which case the emphasis on “female choice” 
is misleading (Hrdy 1996). Females may exert choice, but only within a restricted 
array of options. 

An alternative to the female-choice model predicts conflicts of interest between 
members of the two sexes over the optimum mating system (Chisholm and Bur- 
bank 1991; Davies 1989; Downhower and Armitage 1971; Hrdy 1996; Irons 1983; 
Smuts 1995; Smuts and Smuts 1993). This conflict is expected because males may 
benefit reproductively from concurrent mates, even if the result is lower average 
fitness for each. Contra Becker, men might attempt to marry two wives even if they 
offer less than twice as much paternal investment (e.g., resources, time) as monog- 
amous men. Thus, to the extent that male strategies prevail over female strategies 
in any given society, women who marry polygynously may incur a fitness cost. 
Females may experience the cost of polygyny through a reduction in fertility or an 
increase in child mortality. 
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Demographers have extensively probed the possibility of reduced fertility, but 
owing to methodological problems, their findings have been inconclusive (e.g. 
Dorjahn 1958; for review see Wood 1995). The hypothesis that child mortality is 
higher under polygyny has attracted comparatively little attention, despite its rel- 
evance for public health. Both sets of studies are limited by the use of retrospec- 
tive data and the absence of controls for confounding risk factors (fertility: Pebley 
and Mbugua 1989; Wood 1994; mortality: Borgerhoff Mulder 1989, 1990; 
Chisholm and Burbank 1991; Chojnacka 1980; Isaac and Feinberg 1982; Roth and 
Kurup 1988). 

In a study of polygyny and female fitness among the Dogon of Mali, West 
Africa, I attempted to overcome the methodological problems of previous studies 
by measuring fernaIe fecundability and child mortality prospectively. I measured 
female fecundability from two years of data on menstrual hut attendance, as cor- 
roborated by hormonal profiles (Strassmann and Warner 1998). Significant covari- 
ates of fecundability were controlled, including: wife's age, husband's age, marital 
duration, gravidity, and breast-feeding status. According to both discrete and con- 
tinuous time survival analyses, there was no association between a woman's mar- 
ital status and her fecundability (Strassmann and Warner, 1998). I measured child 
mortality from eight years of data on child survivorship, analyzed by logistic 
regression (Hosmer and Lemeshow 1989). The results indicated that the odds of 
death were 7 to 11 times higher under polygyny even in the presence of controls 
for confounding risk factors (such as age, sex, wealth, and family size) (Strass- 
mann 1997). Here I present two additional logistic regression models that further 
implicate polygyny as a predictor of mortality. 

ETHNOGRAPHIC BACKGROUND 

In the fifteenth or sixteenth century, the Dogon established villages in easily 
defended sites along the Bandiagara Escarpment, a sandstone cliff (260 km long 
by ca. 500 m high) in Mali, West Africa (Pern 1982). After the French colonial 
government put an end to raids on Dogon villages by nearby pastoralists, Dogon 
settlements expanded to include much of the plateau on top of the escarpment as 
well as the Seno and Gondo plains below. This study took place in Sangui, a 
plateau-top village with a population of 460 individuals in January 1988, situated 
at 14" 29' N, 3" 19' W. The major subsistence crop in Sangui is millet and other 
cereals (rice, sorghum, and fonio). Onions are a cash crop that helps make up for 
deficits in the millet harvest. 

The incidence of polygyny varies among villages, but in January 1988,54% of 
the manied men in Sangui had one wife, 35% had two wives, and 11% had three 
wives. Dogon polygyny is strictly nonsororal, and related women, such as first 
cousins, are not allowed to marry into the same patrilineage. Thus the Dogon illus- 
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trate the tendency for male kin in patrilineal societies to form powerful coalitions 
that thwart alliances among female kin (Smuts 1995; Hrdy 1997). First wives have 
the minor honor of sleeping in the room to the right of the husband’s, but are not 
otherwise in a position of power or privilege. To maintain family harmony, the 
husband is expected to sleep with his wives on alternate nights. He owes them 
equal quantities of yu buburu (low quality millet) to store in their granaries; the 
good millet ( yu anran or male millet) he stores in his own granaries. In dividing 
the millet, the first wife cuts the pile and the second wife chooses. Parents arrange 
their son’s or daughter’s first marriage, but ideally, the new couple does not co- 
reside until the birth of two children (who will be raised by the wife’s parents). 
Bride-price is absent among the Dogon, but a fianci shows respect to his parents- 
in-Iaw by helping in their fields and through small gifts of cash, firewood, cowries, 
chickens, and grain. 

In a strongly male-dominated society, husbands are more likely to be able to 
subordinate the reproductive interests of their wives in the pursuit of their own 
reproductive interests. Thus, polygyny is more likely to adversely affect female fit- 
ness when females have low status. The inferior status of Dogon women is partic- 
ularly clear as they get older. An elderly widow is no longer considered useful to 
her husband’s family and must return to her natal village to grow her own food. 
Elderly men usually enjoy a lighter workload in old age, but according to behav- 
ioral scan data, the workload of women does not abate. Across all ages, men spent 
29% more time resting than women ( t  = 7.71, df = 127; p < 0.0001), and women 
spent 21% more time working than men ( t  = -5.10, df = 127, p < 0.0001) (Strass- 
mann 1996). Women assume the energetic demands of lactation and heavy phys- 
ical labor but are prohibited from the places where meat is consumed: hangars in 
the market place and religious shrines. 

The indigenous religion is a vehicle through which Dogon males attempt to 
exert control over female sexuality (Strassmann 1992, 1996). For example, super- 
natural beliefs regarding menstrual pollution are a tactic for obligating menstruat- 
ing women to spend the night at a menstrual hut. When a woman obeys the 
menstrual taboos it is evident that she is no longer in postparturn arnenorrhea and 
that she will soon be ready to conceive. Although all female informants ( N  = 113) 
disliked the menstrual taboos, hormonal data indicate that menstrual hut visitation 
was an honest signal of menstruation. By enforcing the taboos, husbands and 
patrilineages gain precise knowledge of the timing of menstruation, information 
they consider useful for detecting and preventing cuckoldry (details in S trassrnann 
1992, 1996). The women of Sangui are also clitoridectornized. Informants had 
multiple interpretations of slitoridectomy, including the beIief that genital surgery 
promotes paternity certainty through the reduction of sexual pleasure. 

The greatest adversity faced by Dogon women is child mortality. The mean 
number of live births for postreproductive women was 8.6 2 0.03, but 20% of 
children died in their first 12 months, and 46% died by age five (N = 388) (Strass- 
mann 1992). From a human and primate comparative perspective, this mortality 
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rate is very high (Lancaster and Lancaster 1983). Malaria, measles, and diarrhea 
caused the most fatalities (Fabre-Test 1985). 

METHODS 

This study monitored child survivorship 1ongitudinalIy from 1986 to 1994. The 
study population included all children ( N =  205), age 5 10 years, who were resi- 
dent in the village of Sangui between May 1986 and August 1988. Children who 
were born during this interval were added to the study population. I resided in the 
village during this initiaI two-and-a-half-year period and therefore was able to 
ensure that the census for this period was complete. I recensused the village in 
1994, at which time 20 children had left the village and were lost to follow-up. 
Nine children lived with widowed grandmothers in domestic units that did not 
include any married aduIts. I excluded these 29 children and compared the effect 
of polygyny versus monogamy on mortality among the remaining children ( N =  
176, 86% of the initial population). The dependent variable was coded 1 for each 
child who died and 0 for each child who survived to the time of the 1994 census. 
Since the dependent variable was dichotomous, and data on age at death were 
unavailable, I analyzed the data using logistic regression. These regressions were 
carried out in the statistical program SPSS 6.1 (SPSS 1994). 

Polygyny, the independent variable of key interest, was defined first by the 
mother’s marital status: first, second, third, or sole wife. This definition excluded 
from the analysis 46 children whose mothers were widowed, engaged, divorced, 
or deceased, reducing the sample size to 130. Second, I computed polygyny as the 
ratio of married women to married men in the child’s work-eat group, defined as 
the people who cultivated the same millet fields and assembled in one compound 
to eat together. For example, if a work-eat group had two men with two wives and 
one man with one wife, the polygyny index for that group would be the ratio of 5 
women to 3 men, or 1.67. The significance of a work-eat group is twofold: 
(a) members depend on one another economically, and (b) they defer to the same 
family head. Married women cultivated millet alongside the other members of 
their work-eat group (both male and female) and did not plant their own individ- 
ual rniIIet fields. Thus, the economic status of women depended on the economic 
status of their work-eat groups. The sample size for polygyny of the work-eat 
group was 176 children and the mean ( 2  s.d.) work-eat group size was 15.60 ( 2  
10.64) persons with a range from 3 to 41. Work-eat groups did not correspond to 
households: if a work-eat group contained several married men, their families 
slept in different compounds. CO-wives and their children also sometimes had sep- 
arate compounds. Adolescent boys slept in small compounds with their age mates. 

The final models include all variables that improved model fit based on the like- 
lihood ratio test (Hosmer and Lemeshow 1989). To test whether the logit had a 
quadratic rather than a linear relationship with any of the continuous variables, I 
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added squared terms. If a squared term did not improve model fit based on the Iike- 
lihood ratio test it was omitted. The values for the independent variables in this 
analysis were obtained from a combination of direct observation (e.g., child’s sex), 
private interviews (e.g.> parent’s education), and quantitative measurement (e.g., 
economic rank). To compare the economic resources (land, grain, onions, and 
livestock) of all families, the 540 cereal fields and 422 onion fields belonging to 
the people of Sangui were measured with a compass and meter tape, baskets of 
grain and onions were counted and weighed, and livestock were tallied by species, 
maturity (juvenile versus adult), and sex, as described elsewhere (Strassmann and 
Warner 1998). Year-to-year fluctuations in the wealth of the village from 1986 to 
1994 occurred in response to changes in rainfall and market forces but had a neg- 
ligible impact on the relative wealth of the families, which I expressed as a rank 
from 1 to 59. After the exclusion of 9 children who lived with widowed grand- 
mothers (see above), no children lived in a family that had a wealth rank below 15. 

To compare the standard of living of different work-eat groups, I computed the 
daily energy requirement of each group from the number of individual members, 
adjusted for age and sex, using the guidelines of the FAO and WHO (1973). I stan- 
dardized the wealth of each group by its daily energy requirement. To find out 
whether children in polygynous families were less well nourished, I used cross- 
sectional anthropometric data on 77 children age six or younger in 1988. In par- 
ticular, I compared their observed and expected values for weightheight. 

To assess the effect of polygyny on aspects of paternal behavior that were both 
quantifiable and observable, I compared observations of direct childcare per- 
formed by polygynously and monogamously married men. The following behav- 
iors were defined as “direct childcare:” carrying, holding, washing, wiping, 
feeding, minding (baby-sitting), or otherwise assisting a child. Observations of 
childcare were obtained via behavioral scan sampling in the agricultural fields and 
village from December 1987 to May 1988. I divided the number of childcare 
observations for a given person by the total number of observations for that per- 
son, to obtain an approximation of the time that person allocated to direct child- 
care as opposed to other activities. 

RESULTS 
Univariate Analyses 

As shown in Table 3.1, the chi-square test revealed a nonrandom relationship 
between mother’s marital status and child mortality. More children of first wives 
died than expected, and fewer children of sole wives died than expected. In a uni- 
variate logistic regression, the polygyny index (ratio of married women to married 
men in a child’s work-eat group) was a significant predictor of mortality (odds 
ratio = 3.14,95% confidence interval = 1.45-6.78, n = 176). Strikingly, only 3 of 
58 children died in the groups with an index of < 1.5, while 37 of 1 3 8 children died 
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Table 3.1. Child survivorship (died or lived) by wife type 
(first, secondthird, or sole wife). 

Children 

Wife Type 

First 
Observed 
Expected 

SecondlThird 
Observed 
Expected 

Sole 
Observed 
Expected 

Died Lived 

16 
I0 

11 
10 

4 
11 

27 
33 

32 
33 

40 
34 

x2 = 9.57, df = 2, p = 0.008, n = 130 

in the groups with an index of 21.5 (x2 = 15.18, df = I, p = 0.0001) (Strassmann 
1997). 

Mu1 tiva ria t e Analyses 

In previous muItivariate analyses, I coded polygyny as a dichotomous categor- 
ical variable, with a work-eat group defined as monogamous if the polygyny index 
was ~ 1 . 5 ,  and polygynous if the index was 21.5 married women to married men 
(Strassrnann 1997). This approach was based on empirical evidence that the rela- 
tionship between polygyny and mortality was a step function. After controlling for 
other predictors of mortality (child’s age, child’s sex, number of children in fam- 
ily, and economic rank) the odds of death were more than 7 times higher in the 
polygynous work-eat groups than in the monogamous groups (95% confidence 
interval = 1.8-29.4, p = 0.0005). It should be emphasized that this effect size was 
based on an empirically derived cutoff point. 

Here I employ an alternative approach. Rather than model work-eat group 
polygyny as a dichotomous variable, I treat it as a continuous variable with values 
ranging from 1.00 to 3.00. The two best-fitting final models are shown in Table 
3.2. They differ from each other in that model 1 includes the number of children 
(age I 10 years) in the family, whereas model 2 includes the ratio of children (age 
I 10 years) to married adults. In model 1,  the relationship between polygyny and 
mortality is best modeled as a quadratic function; at a = 0.05, polygyny was sig- 
nificant ( p  < 0.03), as was polygyny squared ( p  = 0.05). In this model, the effect 
of a one- unii increase in the polygyny index was not constant across all values of 
the index, so the relationship between the predicted probability of death and the 
polygyny index is best shown graphically (Figure 3.1). In model 2, polygyny 
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Table 3.2. Predictors of child mortality from 1986 to 1994, with polygyny as a continuous vari- 
able (N = 176 chiIdren). 

Model I Model 2 

95% 95% 
Odds Confidence Odds Confidence 

Predictor Coeficient Ratio Interval Coeficienf Ratio Inteivai 

Polygyny index of the 
work-eat group 
(1 .OO-3 .OO) 8.293** - - 

squared -2.064* - - 
Polygyny index 

Age of child (0-10) -0.398$ 0.67 0.55-0.81 
Sex of child 

Number of children in 

Ratio of children to 
married adults 

(0 = female, 1 = male) 0.864 2.37 0.96-5.87 

family (I-13) 0.2351 l.26 1.08- I .49 

(0.33-2.33) - - - 
Economic rank 
(14-59) -0.087** 0.42 0.2-0.85 
Constant -6.61 1 * - - 

1 S26i 4.60 1.51-13.11 

- - 
0.399$ 0.67 0.564.8 1 

0.743 2.10 0.88-5.01 

1.237t 3.44 1.44-8.15 

-0.0006 0.99 0.68- 1.45 
-4.827 - 

* p 50.05; ** p < 0.03; i p < 0.005; $ p < 0.00005. 
Odds ratios are for a one-unit increase in the predictor variable, except the odds ratio for economic rank is for 

an increase of 10 ranks. In model 1, the relationship between polygyny and mortality is a quadratic 
function and therefore cannot be represented by just a single odds ratio (see Fig. 3.3). 

-2 Log likelihood = 138.0 (model 1) and 143.0 (model 2). Goodness-of-fit statistic: 176.4 (model 1) and 158.8 
(model 2). Percentage of outcomes (lived or died) correctly predicted by the model: 81.3% (model 1) and 
79.2% (model 2). 

squared was not significant so it was preferable to model the relationship between 
polygyny and the logit as linear, In model 2, as the ratio of married women to mar- 
ried men increased by 1.00, the odds of death increased 4.6-fold ( p  < 0.005). In 
summary, regardless of whether work-eat group polygyny was modeled as a 
dichotomous or a continuous variable, the odds of death for Dogon children were 
significantly lower under monogamy. 

Work-eat group polygyny was more predictive of mortality than mother’s mar- 
ital status. For example, after controlling for the other predictors of mortality in 
model 2, the odds of death were higher for the children of first wives (odds ratio 
= 3.7, p = 0.07, n = 130) and for the children of second wives (odds ratio = 1.8, p 
= 0.41, n = 130) than for the children of sole wives, but these results were not sig- 
nificant at a = 0.05. In this analysis, the sample size was reduced from 176 to 130 
because only 130 children had mothers who were married and living in the village. 
The loss of significance, however, was not merely due to sample size. When work- 
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Figure 3.1. The predicted probability of death for each child (n  = 176) plotted against the 
polygyny index of the work-eat group. Unlike a simple plot of the percentage of children 
who died at each level of the index, these predicted probabilities reflect each child’s par- 
ticular values for all the covariates in model I .  Thus, predictors of mortality other than 
polygyny are controlled. 

eat group polygyny (as a continuous variable) was substituted for mother’s mari- 
tal status in the same sample (n  = 130), the odds of death were 5.1 times higher 
under polygyny ( p  = 0.006). 

Other variables, beyond mother’s marital status, that were not significant pre- 
dictors of mortaIity are Listed in Table 3.3. For example, after controlling for the 
variables in Table 3.2, no interactions were significant. According to the likelihood 
ratio test, Sex x Age was marginally significant when polygyny was modeled as a 
dichotomous variable (Strassmann 1997), but was nonsignificant when polygyny 
was modeled as a continuous variable (model 1 : p = 0.07, model 2: p = 0.16). 

The wealth rank of the work-eat group was positively correlated with the ratio 
of married females to married males (r2 = 0.28, n = 45, p = 0.0001) (Figure 3.2). 
Work-eat groups in which this ratio was 21.5 farmed more land ( p  = O.OOI), and 
produced more grain ( p  = 0.009) and onions ( p  = 0.002) than did families in 
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Table 3.3. Independent variables that did not predict 
mortality (p >> 0.05 after controlling for variables 
in tabk 3.1; N = 176 children). 

Father’s age 
Mother’s age 
Number of married women in work-eat group 
Number of married men in work-eat group 
Whether father resident in village 
Whether mother resident in village 
Father’s education’ 
Whether father had worked in city 
Polygyny x Sex 
Polygyny x Economic rank 
Polygyny x Number of children in family 
Polygyny x Ratio of children to adults 
Economic rank x Number of children in family 
Economic rank x Ratio of children to adults 

’Although some of the fathers had been to primary school for a 
few years, none of the mothers had any formal schooling. 

which this ratio was < I S  (Strassmann 1997). When work-eat group wealth was 
standardized by energy requirements, the polygynous groups were still slightly 
wealthier than the monogamous groups (r2 = 0.09, n = 45, p = 0.03) (Figure 3.3) 
because they had more revenue from onions ( p  = 0.01) (Strassmann 1997). On 
other measures of wealth, polygynous and monogamous families were cornpara- 
ble (S trassmann 1997). 

The dependency ratio provides another estimate of the parental resources (e.g., 
wealth, time) available to chiIdren. As this variable increased by one additional 
child, the odds of death increased by a factor of 2.9 ( p  = 0.02). However, as shown 
by model 2, mortality was much higher under polygyny even after controlling for 
the dependency ratio. 

The expected weighdheight for each girl or boy was obtained from quadratic 
regressions of weightlheight against age. These equations axe as foIlows: 
weighuheight (Dogon girls) = 9.17 + Age(] .53) + Age2 (0.10) (r2 = 0.74, n =,34, 
p < 0.0001); and weighdheight (Dogon boys) = 9.47 + Age(1.98) + Age2(-0.16) 
(r2 = 0.71, n = 43, p < 0.0001). If the children in the polygynous families were 
leaner than those in the monogamous families, then they should have tended 
toward negative residuals (observed weighdheight < expected weightheight) 
while the children in monogamous families should have tended toward positive 
residuals (observed weightheight > expected weightheight). As shown in Figure 
3.4, there was a very weak tendency in the predicted direction that was not quite 
significant (r2 = 0.04, YE = 74, p = 0.07). Controlling for this weak relationship had 
no effect on the coefficient for polygyny in the subset of observations (n = 74) for 
which weight-for-height measurements were available. 
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Figure 3.2. Regression of the wealth rank of the work-eat group on the polygyny index 

(number of married women / number of married men) of the work-eat group (n  = 44). 
Groups in which an elderly widow or widower worked alone or with a grandchild are 
excluded. 

The behavioral scan data indicated that the participation of adult males in direct 
childcare was negligible, regardless of whether a man was monogamously or 
polygynously married. The difference in the amount of childcare performed by 
males and females was highly significant (x2 = 11 1.7, df = 1, p < 0.000001). 

DISCUSSION 

A vast, though inconclusive, literature is devoted to the effect of polygyny on 
fertility, but only a few studies tested the hypothesis that child mortality is higher 
under polygyny. A limitation of these studies is that they use retrospective data on 
child survivorship over a woman’s reproductive career. Such data may be prone to 
recall and reporting bias. Another problem is absence of controls for confounding 
variables: two studies were strictly univariate (Chisholm and Burbank 1991; 
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.5 I .o 1.5 2.0 2.5 3.0 3.5 

Married women / men 
Figure 3.3. Regression of work-eat group wealth (CFA) per work-eat group energy 

requirements (MJ) on the polygyny index (n = 45). 

Chojnacka 1980) and two others controlled only for the age of the mother (Isaac 
and Feinberg 1982; Roth and Kurup 1988). Borgerhoff Mulder (1990) and 
Chisholm and Burbank (1991) focused on the number of surviving offspring, but 
in these analyses fertility and mortality are confounded. By contrast with previous 
studies, the data presented here provide a prospective, longitudinal test of the 
polygyny-mortality hypothesis. Through Iogistic regression analysis, other risk 
factors for mortality were systematically identified and controlled, including age, 
sex, number of children in the family, ratio of children to married adults, and eco- 
nomic rank. 

Before the effect of polygyny on mortality is discussed, it will be helpful to 
consider these other risk factors. The odds of death decreased by a factor of 0.67 
with each additional year of age, and although one might expect the age effect to 
leveI off, age-squared was not significant. Consistent with the public health liter- 
ature, an increase in economic rank was also associated with lower mortality. 

The odds of death increased by a factor of 1.26 as family size increased by one 
additional child (age 0 to 10 years). This result may reflect competition among 
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Figure 3.4. Regression of weight for height residuals on the polygyny index of the work- 

eat group (n = 74). 

children or increased exposure to infectious diseases such as measles and gastro- 
enteritis (the “daycare effect”) (Aaby et al. 1984; Desai 1995). The odds of death 
increased by a factor of 3.4 as the ratio of children (age 5 10 years) to married 
adults increased by one child. This result could be caused by a decrease in the ratio 
of net consumers to net producers (Hames 1996). However, resources did not 
appear to be diluted in the polygynous compared with the monogamous families. 
Another possibility is that when the ratio of children to adults was higher, each 
child received less adult supervision. 

When polygyny was modeled as a dichotomous variable, the odds of death 
were 2.5-fold higher for males than for females ( p  < 0.05) (Strassmann 1997). 
When polygyny was modeled as a continuous variable, the odds of death remained 
more than twofold higher for males, but this result was not quite significant (model 
1 : p = 0.06, model 2: p = 0.09). Nonetheless, the skewed confidence interval for 
the odds ratio (0.96 to 5.87) (Table 3.2: model 1) suggests that this result is 
unlikely to be due entirely to chance (see Hosmer and Lemeshow 1989:105). 

In the behavioral scans, boys were the recipients of direct childcare signifi- 
cantly more often than girls (correcting for the total number of observations of 
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each sex) (x2 = 20.9, df = I ,  p < 0.0000 1, n = 90 children age I 3 years, y1 = 743 
observations). This comparison is restricted to children under 3 years of age 
because they were the primary targets for direct childcare; they also experienced 
the greatest level of both overall mortality and sex-biased mortality. The finding 
that boys received more direct childcare, and ethnographic observations from 
long-term residence in the village, contradict any suggestion that female-biased 
parental investment caused boys to have higher mortality. 

The Trivers and WilIard (1973) effect predicts that wealthy, polygynous fami- 
lies should favor sons more than poor, monogamous families. However, when the 
children in families above and below the mean wealth rank were analyzed sepa- 
rately, the higher mortality of boys was significant only in the wealthier group 
(model 1: odds ratio = 3.6, p < 0.05, n = 92, economic rank > 41). Thus, the 
higher mortality of boys cannot be explained by the Trivers-Willard hypothesis 
and remains enigmatic. 

After controlling for other risk factors for mortality, the odds of death were sig- 
nificantly higher in polygynous than in monogamous work-eat groups. This was 
true regardless of whether polygyny was modeled as a dichotomous (see Strass- 
mann 1997) or a continuous (Table 3.2) variable. In the multivariate analyses, 
mother’s marital status was substantially less useful for predicting mortality than 
the polygyny index for the work-eat group as a whole, a result that underlines the 
importance of family structure. When members of a patrilineal extended family 
are economically interdependent, children are affected by the polygyny status of 
their paternal relatives, not just that of their own parents. 

Although these results provide the strongest evidence to date that polygyny is 
a risk factor €or mortality, they leave the underlying mechanism unidentified. Prior 
to the fieldwork, 1 expected wealth to be diluted in polygynous compared with 
monogamous families. The economic and the anthropometric data, however, did 
not support this hypothesis. Polygynous families were at least as wealthy as 
monogamous families even after correcting for family size. Weight-for-height 
residuals declined slightly with the ratio of married women to married men, but 
even after controlling for this weak effect, polygyny remained highly predictive of 
mortality. Thus, the relationship between polygyny and mortality in this study 
appears to be caused by a mechanism other than resource dilution. 

The indigenous Dogon explanation is that in their competition to outreproduce 
each other, co-wives sometimes poisoned each other’s children. Boys were said to 
be more at risk than girls. This belief took expression most forcefuIJy at masked 
dance rituals in which the men obliged all of the women of the village to assem- 
ble for collective chastisement. Future offenders were threatened with death. 
Malian court cases provide compelling documentation of confessions and convic- 
tions for poisoning the offspring of a co-wife. Such cases can be compared with 
records of child abuse in the United States. Children have about 100 times the risk 
of death from child abuse if they live with a stepparent rather than with two genetic 
parents (Daly and Wilson 1988:89), but the baseline rate is still very low. The inci- 
dence of poisonings among the Dogon is unknown, but it might be premature to 



62 Beverly I. Strassmann 

dismiss all such accusations as fictive sorcery. Even if poisonings are rare or 
absent, fear of mother’s co-wife must be a source of stress. Residence with a step- 
father and half siblings can affect childhood cortisol levels and lead to i m u n o -  
suppression and illness (Flinn and England 1995). Regardless of whether 
female-female competition results in outright poisoning, irnrnuno-suppression, or 
simple neglect, the focus on co-wives alone is too narrow. Work-eat group 
polygyny was a better predictor of survivorship than mother’s marital status, 
implying that if female-female competition results in child mortality, it may not 
stop with co-wives. Instead it may extend to women married to a set of brothers. 

An alternative hypothesis is that polygynous men provide less paternal care to 
each of their offspring (see Hewlett 1988; Strassrnann 198 1 ). Monogamous 
fathers have fewer children, so each child is a larger component of a father’s life- 
time reproductive success. Monogamous fathers also tend to be poorer, and are 
less likely to have future mating opportunities. In their behavior toward their chil- 
dren, they may act as if more is at stake. Polygynous fathers eventually produce a 
greater number of offspring, so each child represents a smaller fraction of the 
father’s total lifetime reproductive success. Controlling for age, polygynists (aged 
24 to 69) had on average two more living offspring for each additional wife (r2 = 
0.25, n = 70, p = 0.0001). 

Children whose fathers had more offspring did not have higher odds of death. 
Thus it does not appear that polygynous men simply spread their investment 
among a greater number of existing children. Instead they might have diverted 
resources from paternal effort to mating effort, and gained increased prospects for 
producing future offspring. If their resources were diverted to somatic effort (buy- 
ing meat or beer in the marketplace), then polygynous males did not pursue an 
optimum fitness strategy. Clearly, a great deal more needs to be learned about the 
allocation of effort on the part of polygynous and monogamous men. 

What might polygynous men have withheld from their children that was impor- 
tant for survivorship? Both polygynous and monogamous men left most of the 
direct childcare to women (see Draper 1989; Hewlett 1991), so it is doubtful that 
there was a critical deficit in time spent with children. Another possibility is that 
polygynous men were less willing to pay for costly medical care. Given the preva- 
lence of parasitic and infectious diseases, differential access to medical care could 
have a dramatic impact on mortality. This hypothesis should be tested after con- 
trolling for any differences in morbidity under monogamy and polygyny. 

A shortcoming of the paternal care hypothesis is that it does not explain why 
work-eat group polygyny was a better predictor of child survivorship than parent’s 
marital status. One solution is to broaden the paternal investment hypothesis to 
include the nepotistic investment of relatives other than fathers. Men in polygy- 
nous work-eat groups may have been less inclined to pay for medicines and other 
treatments for childhood illnesses. The father himself was not necessarily the one 
who withheld investment. Instead it might have been the child’s uncle, particularly 
if he was the work-eat group boss. The Dogon described the relationship between 
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a boy and his paternal cousins as one of competition and distrust, whereas his rela- 
tionship with his maternal cousins (with whom he was not in competition for 
resources) tended to be amicable and relaxed. Conflicts of interest between pater- 
nal relatives often became sufficiently intense that the entire work-eat group fis- 
sioned along lines of genetic relatedness (see Chagnon 1981). In future research, 
it would be useful to explore these conflicts of interest further, and to determine 
how they might influence nepotistic investment in children (see also Castle 1993). 
This line of inquiry appears promising because, after controlling for the covariates 
in model 2, the odds of death were 74% lower for children whose father or grand- 
father was work-eat group boss rather than the child’s uncle (odds ratio = 0.26, 
95% confidence interval = 0.09-0.77). 

Given the high mortality of children in polygynous work-eat groups, it appears 
likely that, when all else was equal, Dogon women achieved higher fitness under 
monogamy. To test this proposition, it would be useful to compare the number of 
surviving grandchildren for women in polygynous and monogamous groups 
(Josephson 1993). However, although it is easy to make such a comparison, it is 
difficult to make it well. A woman’s marital status at the time she is censused can- 
not simply be compared to her number of grandchildren because her marital sta- 
tus may have changed. Instead one needs to track marital status and work-eat 
group polygyny retrospectively over the course of a woman’s marital life. Any 
changes make it difficult to determine the polygyny or marital status relevant to a 
particular grandchild. One approach is to restrict the sample to women who had 
been in no more than one marriage. But child mortality can be a cause of divorce, 
so these women are likely to be those whose children survived. In such a biased 
sample, it may be difficult to detect any effect of polygyny. Another problem in 
retrospective studies is the difficulty of controlling for confounding variables such 
as age, family size, and wealth. To pake matters worse, these variables change 
over time. To date, no retrospective study has fuIly surmounted these difficulties 
(see Borgerhoff Mulder 1988, 1996; Josephson 1993). 

The problem of time-varying covariates is less severe in a prospective analysis 
such as this one because changes in the independent variables can be more easily 
monitored and taken into account. These changes are also likely to be smaller 
because of the shorter time span involved. Whereas retrospective studies of post- 
menopausaI women span several decades, this study spanned only eight years. 
Nonetheless, to find out if the changes that did occur might alter my conclusions, 
I constructed alternative models that used either the value of the variable at the 
beginning of the study or the value at the end. For example, I compared the ratio 
of married women to married men at the beginning and end of the study and 
found that the results were essentially the same. A better approach is to use 
survival analysis with time-varying covariates, but this method will not work 
with a dichotomous dependent variable (lived or died). Future studies of child 
mortality should gather data on age at death so that survival analysis can be 
employed. 
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In view of the high mortality of  children in polygynous families, why are 
women willing to become junior co-wives? Prior to the fieldwork, I predicted that 
women who entered marriage as a second or third wife were of lower mate value, 
However, contrary to this prediction, the monthly probability of conception was 
not associated with marital status. Junior co-wives were just as fecundable as sen- 
ior wives and monogamously married women (Strassmann and Warner 1998). Nor 
was there a relationship between a woman’s marital status and her nutritional sta- 
tus based on standard anthropometric indices such as weight for height and sum 
of skinfolds (Strassmann, unpublished data). Moreover, contrary to expectation, 
the decrease in survivorship was greatest fur the offspring of first wives, not sec- 
ond or third wives (Figure 3.1). Because of the prospective study design, this result 
cannot be attributed to a tendency for husbands to marry a second wife if many 
children by the first wife died. In sum, the hypothesis that women of lower fitness 
were relegated to polygynous marriages was not supported. 

Instead, it appears that many young, well-nourished, fecund women were 
forced into polygynous situations simply because there were too few rnonoga- 
mous opportunities available. The shortage of monogamous opportunities was 
caused by the excess of women relative to men on the marriage market. Dogon 
wives were on average eight years younger than their husbands. This difference in 
age at marriage, in conjunction with the pyramidal age-structure for the popula- 
tion, ensures that the cohort of women looking for husbands is larger than the 
cohort of men looking for wives. Many women are thereby forced into polygyny 
(Chisholm and Burbank 1991; Dorjahn 1959; Pison 1985). The tendencies for 
men to marry at a later age and to die at a younger age generate a surplus of wid- 
ows relative to widowers. Among the Dogon, these widows generally remarried 
even after menopause, which also produces a surplus of women on the marriage 
market (Pison 1983, regardless of the age-structure of the population. Last, 
Dogon polygyny is promoted by a female-biased operational sex ratio (Dorjahn 
1959). In this study, the skew was caused by higher male mortality and urban 
migration. 

Even girls who succeed at entering monogamous marriages and work-eat 
groups have no guarantee that monogamy will prevail. The Malian government 
has acknowledged their predicament by passing a law that requires all men who 
contract civil marriages to commit themselves, on paper at least, to either 
monogamy or potential polygyny. Not surprisingly, few men choose to limit their 
options. If a woman seeks to avoid polygyny, her most effective tactic is divorce, 
or the threat of divorce. Both men (n  = 71) and women (n = 113) interviewed in 
Sangui emphasized that divorce was primarily female-initiated (Strassmann 
1997). In a sample of 88 divorces, the wife said that she had been the initiator in 
95% of divorces, and the four most frequently cited reasons were: ( 1 )  husband 
pursuing wage labor in the city (25%), (2) dislike of husband (18%), (3) dislike of 
co-wife (10%), and (4) too many children died in that marriage (6%). Forty-one 
percent of divorces were attributed to miscellaneous other reasons, each of which 
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was less commonly cited than the above. Although women may resist polygyny 
through divorce, few escape it entirely. In preparation, young girls are taught to 
sing, “I’m not afraid of my husband’s other wife.” 

SUMMARY 

1. This study tested the effect of the polygyny index on child survivorship 
from 1986 to 1994. The polygyny index was defined as the ratio of married women 
to married men in the family, and ranged from 1.0 to 3.0. As this ratio increased 
by one, the odds of death for Dogon children (n = 176) increased approximately 

By contrast with previous analyses, this study employed a prospective 
design and controlled for other predictors of mortality, including age of the child, 
sex of the child, number of children in the family, the dependency ratio of the fam- 
ily, and economic status. 

Mother’s marital status (first, second, third, or sole wife) predicted child 
mortality in univariate analyses. In multivariate analyses, however, only the 
polygyny index for the family as a whole was critical. This result suggests that when 
members of a patrilineal extended family depend on one another economically, 
child survivorship is influenced by the polygyny status of paternal relatives. Fam- 
ily structure, not simply the marital status of parents, needs to be taken into account. 

Hypotheses regarding the mechanism through which polygyny adversely 
affects child survivorship need to consider the roles of resource dilution, co-wife 
competition, paternal investment, and nepotistic investment. The data did not 
support resource dilution, but it is premature to exclude any of the remaining 
possibilities. 

Becker’s economic model and the polygyny threshold model view polygyny 
as the outcome of female choice. However, the eight-year difference in the age of 
spouses generates a surplus of Dogon females on the marriage market, obliging 
many wives to accept polygyny. Dogon men who achieve polygyny gain repro- 
ductively while their wives lose (at least in the offspring generation), implying that 
male preference is more likely to be the driving force behind this marriage system. 
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Paternal Investment and Hunter-Gatherer 
Divorce Rates 

NICHOLAS G. BLURTON JONES, FRANK W. MARLOWE, 
KRISTEN HAWKES, and JAMES F. O’CONNELL 

Ideas about the evolution of human pair bonding’ have centered around the role of 
men as provisioners of wife and children. The idea rings true for many of us, but 
in this chapter we present comparative data from hunting and gathering societies 
that argues against provisioning by males as a cause of pair bonding. Our results 
imply that we shouId look more closely at competition over sexual access as an 
influence on pair bonding in our species. 

Several authors have suggested that hunting was a crucial factor in human evo- 
lution because it allowed males to provision females and offspring, increasing the 
number of offspring a female could bear and keep alive (Lancaster.and Lancaster 
1983). Males would then trade off effort invested in provisioning mate and off- 
spring (parenting) against effort invested toward fathering a greater number of off- 
spring by a variety of females (mating effort). If provisioning was effective, costs 
of desertion by males would be great. Males would not desert and the result would 
be an enduring pair. Much research has been provoked by this scenario, and many 
predictions were confirmed. 

Research on mating systems in simple fanning and herding societies (Borger- 
hoff Mulder 1988; Cronk 1991; Hames 1996) has been primarily concerned with 
understanding the occurrence of poIygamy, monogamy, and polyandry. This liter- 
ature draws attention to the readiness with which men convert wealth not to 
healthier children with higher survivorship but to greater numbers of wives. 
Among researchers on hunting and gathering societies, the economy closest to 
that envisaged for the “environment of evolutionary adaptedness”-the context in 
which male provisioning, monogamy, mate preferences, and the nuclear family 
are supposed to have evolved-the assumption that hunting primarily functions as 
provisioning by males has been vigorously debated (Hawkes 1993; Hill and 
Kaplan 1993). 

Hawkes (1990, 1991,1993) argues that hunting is a poor way to provision wife 
and children. In some ecologies gathering provides more energy per hour of effort 
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than hunting, and in some, hunting and trapping small game gives much lower 
variance in offspring food intake, even after allowing for the effect of sharing meat 
from large game (Hawkes et al. 1991). Furthermore, hunters feed other men’s chil- 
dren more than their own. Meat from large animals is widely shared, seemingly 
taking the form of a public good. The hunter is unable to restrict access to his 
catch, apparently unable to sanction those who take without giving in kind. A 
request is in order for clearer demonstrations of the route by which fathers or hus- 
bands make a difference to child survival and growth (when they do). 

We began to analyze Hadza marriage and divorce because it seemed to offer 
data independent of our data on Hadza hunting and sharing (Hawkes et al. 1991) 
with which we could test for an influence of paternal provisioning. For instance, 
if male provisioning was important, and men stayed in a marriage because of the 
cost to their children from desertion, women with more small children should be 
less likely to get divorced (because smaller children are likely to be more vulner- 
able than older children to loss of paternal support). A similar argument would 
lead one to predict that divorced or widowed women with many small children 
were less likely to remarry than sarne-aged women with fewer small children. 
Buckle and colleagues (1996) presented positive results of such tests on North 
Americans and Europeans, supporting the paternal investment viewpoint. But thus 
far we have failed to produce any significant effects in such analyses of Hadza 
data. Negative findings do not make a convincing report, and further fieldwork is 
scheduled that will at least make their negativity more credible. Our analysis 
showed that despite the lack of evidence for an influence of provisioning on 
divorce and remarriage, Hadza were clearly living as couples. Very few individu- 
als had more than one spouse at a time; many couples stayed together for more 
than the decade of our fieldwork; and many of these had been reported as married 
couples by previous fieldworkers. We turned to a comparative analysis. 

Woodburn (1 968b), emphasizing the ease with which a Hadza marriage is con- 
sidered ended, reported a high divorce rate. In Blurton Jones et al. (1996) we 
attributed the supposed difference between Hadza and !Kung divorce rates to the 
difference between Hadza and !Kung children’s contributions to their own food 
intake, Hadza children provide up to half their own daily requirement from age 
five onward. !Kung children seem to forage very little (Blurton Jones et al. 1994; 
Hawkes et al. 1995). We suggested that a father diverting resources from his chil- 
dren might have less effect on the survival of the children among the Hadza than 
among the !Kung. We reported census data showing that Hadza children’s mortal- 
ity was indeed no greater if their father died or divorced their mother, whereas 
death of mother had a striking effect. Thus costs of desertion were apparently low 
and could account for a higher divorce rate. Our analysis gave no attention to the 
opportunity to remarry, nor to the payoff that might accrue from a change in 
spouse. 

Hurtado and Hill (1992) examined marital stability in the Ache and Hiwi. 
Although the effect of father upon child survival was much less among Hiwi than 
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among Ache, Hiwi marriages were much more stable than Ache marriages. Hur- 
tado and Hill sought to assess the tradeoff between benefits gained from continued 
paternal care and benefits from a new marriage. Divorce was assumed to lead to 
removal of paternal care from the children, at some cost to their survival (“father 
effect”) and thus to diminish their contribution to their father’s fitness. But it led, 
after successful but costly competition with other men, to a new marriage and new 
children. Hurtado and Hill assess the opportunity for a new marriage and new pater- 
nity by their measure “fertility units per male” (FU/m). This measure is obtained 
by multiplying the number of females age 15-40 by the total fertility rate (TFR), 
and dividing by the number of males age 20-55. Hurtado and Hill combine father 
effect, and fertility units per male, into a “parenting/mating index” that compares 
the effect of father on children’s survival with the opportunity for new matings or 
added paternity. It turned out that although the effect of fathers on Ache children’s 
survival was much higher2 than the effect of Hiwi fathers, the difference in FU/male 
overwhelmed this effect. Among the Ache, where marriages are extremely unsta- 
ble, opportunities for new matings, which FU/male aims to reflect, are much greater 
than among the Hiwi, and this apparently accounts for the difference. 

Three points need to be made about the parenting/mating index. First, fertility 
units per male is similar to the “operational sex ratio,” which has been proposed 
as a determinant of animal mating systems (Clutton-Brock and Parker 1992; 
Kvarnemo and Ahnesjo 1996). It indicates the strength of male-male competition 
for paternity. Second, for desertion to pay off, the prospective fertility of the new 
mate should exceed the continuing fertility of the current mate. The hidden 
assumption, that men are leaving less fertile (older?) wives for more fertile 
(younger?) ones, should be tested (e.g., Lockhard and Adams 198 1)  and examined 
for the further implication that men are seeking long-term relationships in which 
to recoup the gains of the new wife’s greater reproductive value. 

Third, father effect as measured by Hurtado and Hill is a good measure of 
father’s cost of desertion but not necessarily of the size of male economic contri- 
butions. If loss of paternal care by a deserting father is offset by a willing stepfa- 
ther, or by increased effort by the deserted mother, or by lengthened interbirth 
interval, desertion will not be associated with much increase in child mortality. 
But this is just what we need to measure to assess the father’s cost of desertion. If 
care by another compensates for his lack of caregiving, his cost was low. This 
implies that economic contributions of men could be greater than indicated by this 
measure. 

Comparisons that involve just two data points, like our !Kung-Hadza compar- 
ison and Hurtado and Hill’s Ache-Hiwi comparison, can be informative but they 
are also dangerous. Predictions can be proved wrong with a two- case sample, but 
it is probably too easy for them to come out right. Here we will attempt the com- 
parison with all four populations-Ache, Hiwi, !Kung, and Hadza. Is marriage 
stability predicted by the effect of loss of father upon children’s survival, by his 
opportunity for new matings, or by the ratio of these two variables? 
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ETHNOGRAPHIC BACKGROUND 

The 700-800 eastern Hadza occupy a 2,500 km2 area in the Eastern Rift Val- 
ley, south and east of Lake Eyasi, in northern Tan~ania .~  The climate of this region 
is warm and dry. Annual rainfall is in the 300-600 mm range, falling in a six- to 
seven-month wet season (November-May). Vegetation is primarily mixed 
savanna woodland; mediudlarge animals are locally abundant. Ethnographic 
data on the eastern Hadza are available in the publications of James Woodburn 
(1968a, 1968b, 1979, 1988). 

The language, Hadzane, has been studied by Woodburn and others, and 
recently by Sands (1995) and Sands and colleagues (1993). Linguists agree only 
that its connection to any other African language family is very remote indeed. 
Hadza must have remained culturally distinct from their neighbors (who currently 
represent the Bantu, Nilotic, and Cushitic language families) for many hundreds 
of years. At the beginning of this century, it appears that only the Hadza occupied 
this country (Obst 19 12). They apparently lived entirely by hunting and gathering. 
Local incursions by non-Hadza pastoral and agricultural groups are recorded as 
early as the 1920s and have continued to the present (McDowell 198 1 ; Woodburn 
1988). Archaeological evidence suggests that farmers and pastoralists have been 
present for several centuries, hunter-gatherers far longer (Mehlrnan 1988; Mabulla 
1996). During the past 50 years, various segments of the Hadza population have 
been subjected to government- and mission-sponsored settlement schemes 
designed to encourage them to abandon the foraging life in favor of farming. None 
of these schemes has been successful, and in every case most of the Hadza 
involved returned to the bush, usually within a few months. In each instance some 
Hadza avoided settlement and continued to live as full-time hunter-gatherers. 

A summary of the daily cycle gives some feel for life in a Hadza bush camp. 
Between 7 and 9 A.M. people arise and wait for the cold to wear off, women 
sharpen and harden their digging sticks (sometimes helped by their children) and 
muster to go out to forage. Men leave, individually, for an early morning “walk 
about’’ (hunt) and move to “the men’s place” on the edge of or just outside camp 
where those in camp spend the day. Small children face the question, “Will mother 
take me with her or leave me in the care of older brother?” Teenage girls decide 
whether to go with the women or stay home; teenage boys decide whether to go 
as “guards” for the women or stay home, often to leave later with a few friends. 
Between 9 and 1 1  A.M. the children in camp usually do some foraging. Between 
11 A.M. and 1 P.M. they might forage more, or eat and play. The temperature 
reaches its daily high by 1 P.M. Between 1 and 3 P.M. everyone who is in camp 
tends to be resting in the shade. Between 3 and 5 P.M. the women come home, and 
children rush to get a share of the -fuod they brought. Between 5 and 7 P.M. the tem- 
perature has fallen to pIeasant levels and most people are at home. Children play 
vigorous games, forage some more, and if there are several teenage girls in camp 
singing and dancing will begin and last until 9:30 or 10 at night. 



Paterrlal Investment and Hunter-Gatherer Divorce Rates 73 

Late in the dry season men will organize and prepare themselves fora cold night 
in a hunting blind at a nearby waterhole or game trail. By 7 P.M. all but the men who 
left for the night are in their houses and around the fire. People eat an evening meal, 
and then visit and chat in each other’s houses and fireplaces. On moonIess nights 
an epeme dance may be held, in which all participate. Silence, but for coughs, the 
occasional crying chiId, once in a while a noisy domestic dispute, closely investi- 
gating hyenas, and distant comforting lions, lasts from late evening until next morn- 
ing. Thus, while a couple shares a house, in which man and wife sleep along with 
their younger children, eat much of the food that each other acquires (including 
shares of meat from other men), and eat an evening meal together, their daytime 
lives are, as Woodburn reported (1968a, 1968b), noticeably separate. 

During our observations in the 1980s less than 5% of the food of people on 
whom we collected behavioral and ecological data came from domesticated 
sources. The proportion was greater in some parts of Hadza country. During the 
1990s hunting became progressively more difficult as interference by outside 
agencies continued and incursions by other lifestyles increased, and the habitat 
was degraded. The situation in 1997 indicates imminent submersion of the Hadza 
into a new lower rung of Tanzanian rural society. 

The !Kung of northwestern Botswana and northeastern Namibia, and their 
lifestyle of the 1950s to 1970s, are now so well known to anthropologist readers 
as to need little introduction. As among the Hadza, couples share a house in which 
they sleep along with their younger children. Houses are clustered in small 
“camps” of from two to a dozen or so houses to which people return daily. Camps 
are moved frequently in the wet season, much less frequently in the dry season 
when few water sources are available. Little formality accompanies either mar- 
riage or divorce, but our reading of the accounts suggest that parental influences 
may be greater among the !Kung than among the Hadza. 

The Ache of Paraguay are also becoming well known to anthropological read- 
ers (Hill and Hurtado 1996 and references therein). Their pre- settlement, full-time 
forager lifestyle was much more mobiIe than the life of the other populations dis- 
cussed here. Small groups moved almost daily through the forest, clearing a new 
sleeping area each evening. Couples and their children shared a fire, but people 
lived in much greater proximity at these overnight camps than in a Hadza or !Kung 
camp. Upon settlement people lived in larger houses and, Hill and Hurtado com- 
ment, the previously very high divorce rate declined. While !Kung are known to 
have practiced occasional infanticide, and Hadza claim never to have heard of 
such a practice, Ache regularly used to kill one or more children upon the death of 
their father, Hill and Hurtado describe informants’ interpretations of this practice. 

The Hiwi of southwestern Venezuela have been studied under more settled con- 
ditions than the other three populations, although they still subsist in large part on 
hunted and gathered wild foods. People are more mobile in the dry season than the 
wet, leaving the two residential settlements for smaller bush camps for up to four 
weeks at a time. Hurtado and Hill (1992) note the endurance of Hiwi marriages. 
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PROCEDURE 

The !Kung data reported here are from Howell (1979), with additions from 
Pennington and Harpending (1988). The Hadza data come from our own field- 
work from 1984 to 1995. In addition to extended stays for behavioral and ecolog- 
ical observation that fuelled many of our papers (e.g., Blurton Jones et al. 1996; 
Hawkes et al. 1997; Marlowe 1997; O’Connell et al. 1992) we have conducted a 
series of censuses and anthropometry sessions between 1985 and 1997. In 1992 
and 1995, 120 different Hadza women were interviewed about their reproductive 
histories, with previous census data in hand to provide a check and prompts. These 
data were combined to give a record of marriages, divorces, remarriages, deaths 
and widowings, and births and deaths of children. Data from a census conducted 
by Lars C. Smith in 1977 are also used to identify the longest-lasting marriages. 

Father Effect 

Survival of Hadza children (less than 5 years old at the start of the census 
period) across the five-year periods 1985-1990 and 1990-1995 was calculated 
from the interviews. Table 4. I shows the number surviving or dying among those 
whose father died or divorced their mother at any time during the five-year period, 
and among those whose father stayed with their mother. An earlier analysis of sur- 
vival until 199 1 of children under 5 in the 1985 census also showed no increase in 
survival when father was present (Blurton Jones et al. 1996). 

Comparison among the four populations is not easy, Hurtado and Hill 
(199250) report father effect as offspring survivorship to adulthood with father 
divided by offspring survivorship without father, yet their table 1 gives a figure for 

TubEe 4.1. Survival of Hadza children under 5 years of age 
whose fathers died or left their mother. (Mantel-Haenszel 
chi-square for association between father stay and chiId 
survive, controlling for observation period, = 0.001, 
p = .975) 

Chitd Survived Child Died 

1985-1990 
Father stayed 12 
Father died or left 3 

1990-1995 
Father stayed 
Father died or left 

13 
12 

Both Periods Summed 
Father stayed 25 
Father died or left 15 

14 
7 

9 
5 

23 
12 
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Hiwi, which they say is based on survivorship to age five (1992:45). Pennington 
and Harpending (1988) report deaths as infants, and deaths as children. In demo- 
graphic usage, infants are 0 to 1 year old, but these authors state that “children” 
means infancy to adulthood (1988:310). Our data on father effect among Hadza 
concerns survival through a five-year period by children age 0-5 at the beginning 
of the period. In most populations mortality declines sharply with age from birth 
to 1 year, rapidly from 1 to 5 years of age, and thereafter mortality is quite low. 
Hurtado and Hill’s figures 1 and 2 show that the difference between survivorship 
of children with and without father continues to diverge slightly as the children 
grow beyond age 5. Thus comparing Ache survival. to adulthood (age IS), !Kung 
survival to 1 or 15, Hiwi survival to 5, and Hadza survival from 0 to 5 and 5 to 10 
combined may be less dangerous than at first appears. We discuss the vulnerabil- 
ity of our conclusions in the appendix to this chapter. 

Fertility Units per Male 

Hurtado and Hill (1 992) took the number of females age 15-40, multiplied by 
the total fertility rate, and divided by the number of men age 20-55. Population 
age-sex structure for the !Kung from Howell (1979) and for the Hadza from Blur- 
ton Jones and coauthors (1992) allows us to compute the numbers of men age 
20-55 and women age 15-40 (Table 4.2). In the appendix we show that the impact 
of altering the age groups included in this measure is slight. 

Among the !Kung, the number of females can easily be extracted from How- 
ell’s table 12.1. Determining the number of males age 20-55 is not straightforward 
because HowelJ’s table 12.2 gives 10-year age blocks with unusual starting ages. 
Inspection of the age pyramids diagrammed in her figure 2.6 suggests that the 
number within a block can be divided by the number of years to allow us to recon- 
stitute numbers for our age blocks. 

Marriage Stability 

Hurtado and Hill report two measures of the stability of Ache and Hiwi mar- 
riages: (1) number of husbands reported by women of a given age and (2) proba- 

Table 4.2. Fertility units per male (calculated as in Hurtado and Hill 1992: table 1). 

Females Males Proportion of Total Fertility Fertility Units 
Population 1 5 4 0  ( N )  20-55 ( N )  Females/Males Rate per Male 

Ache 
Hiwi 
!Kung 
Hadza 

122 108 1.129 7.8 8.81 
18 25 0.720 5.4 3.89 
90 114 0.789 4.7 3.71 

138 134 1.029 6.2 6.385 

Ache and Hiwi data from Hurtado and Hill 1992 
!Kung female/male data from Howell 1979: tables 12.1 and 12.2 
Hadza data from Blurton Jones et al. 1992. 
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bility of divorce by length of the marriage. Our aim is to examine marriage as the 
absence of desertion. The cost of desertion is in decreased fitness of offspring. 
Thus it makes most sense to examine rates of breakdown of marriages that have 
lasted long enough to produce a child. Consequently we prefer to ignore reported 
number of spouses, which is heavily influenced by the number of brief liaisons, 
usually early in adult life. Data on the number of husbands reported by Hadza 
women are not abundant, nor is their reliability impressive. 

The data from the Hadza censuses are not directly comparable with the inter- 
view reports for the other populations. The Hadza data allow direct computation 
of crude annual divorce rates, which are very close to the rate reported by Wood- 
burn (1968b) from his fieldwork in the early 1960s. Crude annual divorce rates are 
unsatisfactory for comparison across populations because they are strongly influ- 
enced by population age-structure. However, some approximations to probability 
of divorce by age of marriage can be obtained, and compared with figures from the 
!Kung, Ache, and Hiwi. 

In Table 4.3 we show the divorce rate between 1990 and 1995 of Hadza cou- 
ples who got married between 1985 and 1990 (marriages 0-4 years old), couples 
who were together in 1985 and still together in 1990 (marriages >5 years old), and 
couples who were listed in Lars Smith’s 1977 census and were still together in 
1990 (marriages >13 years old). 

RESULTS 

Is There a “Father Effect” among Hadza? 

Blurton Jones and colleagues (1 996) report no significant difference between 
survival of children whose fathers left after 1985 and those whose fathers were 
still with the mothers in 199 1. There was a striking effect of loss of mother. The 
data in Table 4.1, for the periods 1985-1990 and 1990-1995, also give no signif- 
icant indication of an effect of father’s death or divorce upon young children’s sur- 
vival. No data on mother’s death are shown because these are children whose life 
histories were obtained by interviewing their mothers in 1992 or 1995. 

Is There a Father Effect among the !Kung? 

Pennington and Harpending (1988) claim “The importance of male parental 
care for the survival of !Kung offspring is supported by the observation that infant 
mortality was significantly higher among offspring of women who had more than 
one husband.” They also report, “At Ngamiland the risk of death of an infant 
whose mother married more than once (24%) is almost double that of an infant 
whose mother married only once (13%) . . . p < .OM’’ (1988312). They are thus 
suggesting a strong effect of fathers upon offspring survival, “almost double,” but 
actually, as measured by Hurtado and Hill, the ratio of survivorship with father to 
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Table 4.3. Divorce rates of Hadza and !Kung. 

Hadza 

Divorced Stayed Together Probabilify of Nearest ! K w g  
1990-1 995 1990-1995 Divorce Equivalent 

Got married 11 
between 1985 
and 1990 
(marriage 0-4 

Married in 1985 
Yrs) 

and same spouse 
in 1990 (married 
> 5 yrs) 

and same spouse 
in 1990 (married 
> 13 yrs) 

Married in I977 

I 1  

8 

17 .393 { I1  of 28 .373* 
marriages) 

26 

25 

.297 (1 I of 37 ,078 - .143-F 
marriages) 

.242 (8 of 33 
marriages) 

.030 - .080$ 

* Probability of marriages less than 5 years old surviving the next 5 years. Howell’s table 12.6 gives 
323 marriages at risk, minus 15 deaths of husbands, for a total sample of 308. There were 115 
divorces during the five-year period. 115/308 = .373. 

t Probability of marriages that had lasted at least five years surviving the next five years: 150 marriages 
minus 10 husbands’ deaths = 140. With 11 divorces, 11/140 = .078. Or, since the Hadza sample 
includes marriages that lasted much longer than 5 years, let us add in all subsequent !Kung 
divorces: with 19 divorces, 19/140 = .143 

$ Probability of divorce for marriages that had lasted 10 years (we bias the !Kung figures upward, to 
handicap our chance of showing a difference from the Hadza, in preference to choosing a limit 
of 15 years, which biases in  favor of our expected result). 108 marriages minus 9 husbands’ 
deaths = 99. With 3 divorces, 3/99 = -030. Or, adding in all subsequent divorces: 8/99 = .080. 

survivorship without father is only a father effect of 1.14. Pennington and Harp- 
ending’s table 2 allows us to calculate father effect on children as well as infants. 
Taking postmenopausal Ngamiland women who reported only one marriage we 
sum the number of offspring that died as infants and as children (57 + 81 = 138)’ 
and the number that survived childhood (194), to find 332 births of which 1941332 
survived (3343). For women who reported more than one marriage the figure is 
.4609. The ratio (father effect) is ,5843 / .4609 = 1.27. 

The survival of !Kung children to adulthood increases less with the presence of 
their father than the survival of Ache children increases when their father is pres- 
ent. But the effect of !Kung fathers on child survival is larger than the effect of 
Hiwi fathers. !Kung fathers’ presence increases child survival to 3 year old slightly 
more than the presence of Hiwi fathers increases child survival to 5, and the effect 
of !Kung fathers on survival to adulthood is much higher than this. If the Hadza 
show no effect on survival of father’s presence between 5 and 10, it is unlikely to 
appear between 10 and 15. We thus rank father effect as, highest to lowest effect: 
Ache > !Kung > Hiwi > Hadza. 
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Fertility Units per Male 

Among the Hadza in our 1985 census there were 138 females age 15-40 and 
134 males age 20-55. Hadza total fertility rate (TFR) was estimated at 6.2 (Blur- 
ton Jones et al. 1992). FU/male works out as 6.38 for the Hadza, about halfway 
between the figures calculated for the Hiwi and the Ache. 

For the !Kung, Howell’s table 12.1 gives 90 females age 15-40. We estimated 
114 men age 20-55, for a ratio of .789 females per male. A TFR of 4.7 (Howell 
1979) yields 3.71 FU/male. Using the TFR of 5.0 suggested by Blurton Jones 
(1994) for !Kung women living the forager lifestyle increases FU/male to 3.945, 
just higher than the figure for the Hiwi and substantially lower than those of the 
Ache and Hadza. These results are shown in Table 4.2. 

Completing the Table: Parenting/Mating Index for the 
Hadza and ?Kung 

The !Kung and Hadza figures plus those from Hurtado and Hill’s Table 1 are 
reported in Table 4.4. The fertility unitslmale (an index of mating opportunities), 
and the father effect (the factor by which a child’s survival to adulthood increases 
with father’s continued presence) are listed in the first two columns. The parent- 
ing/mating index is the ratio of these used by Hurtado and Hill to estimate the 
tradeoff men faced between remaining mamed and providing a father effect, and 
leaving to seek another mate. 

Predicting Stability of Marriages 

We can use the first three columns of Table 4.4 to derive simple predictions 
about marriage stability in the four populations from different hypotheses about 
desertion. All the hypotheses share the assumption (quite provisional and ques- 
tionable) that marriage breakups primarily reflect desertion by males, although we 
know that sometimes women leave, or expeI their husband. But among each of 
these populations women very seldom desert their offspring when they leave, or 
throw out, their husband; women usually keep the children with them (sometimes 
Hadza children stayed with their mother’s mother for a while when their mother 

Table 4.4. Marital stability and possible predictors. Marital stability is shown both as 
“divorce rate” and “staying” rate. 

Divorce Rate Maritat Stability 
Ferti Lity Parenting / (1  = highest; (1 = mosr stable; 

Population Units/Male Father Effect Mating Index 4 = lowest) 4 = leasf stable) 

Ache 8.8 1 1.62 0. I84 1 4 
Hiwi 3.89 1.09 0.282 4 1 
!Kung 3.71 1.27 0.342 3 2 
Hadza 6.38 1 .o 0.157 2 3 
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remarried). If costs of desertion (assessed by father effect) are the best predictor 
of marriage stability, then Ache men should desert least often, !Kung men a little 
more, and Hadza and Hiwi men should desert most often. If the parentinghating 
index is the best predictor, then the !Kung should have the most stable marriages, 
followed by Hiwi, then Ache, with Hadza showing the least stability. 

Stability of Marriages 

As in many populations (see summary in Fisher 1989), Ache, !Kung and Hadza 
marriages are most at risk in their early years. HoweIl (1979:figure 12.1) and Hill 
and Hurtado (199B:figure 7.12) show a rapid decline in probability of divorce dur- 
ing the first 5 years of marriage. Howell’s table 12.6 shows that after 5 years, 
divorce rates level off at between -02 and .07 per year (see Table 4.4). Hill and Hur- 
tado’s figure for precontact Ache shows a decline that reaches .05 between 5 and 
6 years and decreases to almost zero by the eighth year of a marriage. However, 
their figure presents the results of a fitted logistic regression model, which might 
give a distorted impression of the prospects for the few lengthy marriages. Hill 
(personal communication) finds that Ache marriages that had lasted 5 or more 
years nonetheless break up at a rate of 19% per year. This annual rate of attrition 
will result in 65% of a cohort of marriages that have lasted 5 years ending in 
divorce by the end of the next 5 years. 

Table 4.3 shows the divorce rate between 1990 and 1995 of Hadza couples who 
got married between 1985 and 1990 (marriages 0-4 years old), couples who were 
together in 1985 and still together in 1990 (marriages >5 years old), and couples 
who were listed in Lars Smith’s 1977 census and were still together in 1990 (mar- 
riages >I 3 years old). Probability of divorce among Hadza marriages seems to be 
similar to that of the !Kung in the early years but subsequently i s  much higher. 

The rate at which marriages break up after having lasted five years or more 
allows us to rank the Ache above the Hadza and the Hadza above the !Kung in 
terms of marital instability. Although we dismissed the use of Hadza accounts of 
numbers of previous spouses, the researchers on Hiwi and !Kung express confi- 
dence in their reports. This measure, the average number of spouses by the end of 
a woman’s child-bearing career, allows us to rank !Kung (2.45 from figures in 
Howel’s table 12.3, 1979:235) above Hiwi (1.7 from Hurtado and Hill 1992). 
Since the !Kung fall below the Hadza and Ache on the other measure, we rank 
Hiwi also below Hadza and Ache. Thus from highest divorce rate to lowest: Ache 
> Hadza > !Kung > Hiwi. 

What Is the Best Predictor of Stability of Marriages? 

Table 4.4 shows the values for father effect, fertility units per male, and par- 
enting/mating index alongside the ranking of marriage stability. The best candi- 
date for predictor of marriage stability (probability of divorce for marriages that 
have lasted 5 years) is fertility units per male. Marriages are less stable when there 
are more EertiIity units per male. There are several technical reasons for regarding 
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this apparent relationship with caution and we discuss them in the appendix. There 
is no suggestion of support here for the importance of male parental care, and very 
weak support for prediction using the parentinghating index of the tradeoff 
between care and mating opportunity. 

DISCUSSION 

We followed Hurtado and Hill 1992 (who in turn followed Maynard-Smith’s 
mate desertion models) in examining (1)  the effect of fathers upon offspring sur- 
vival (parenting, cost of desertion), (2) opportunities for new matings (fertility 
units per male), and (3) the ratio of these two values, intended to display the rela- 
tive balance of costs and benefits from desertion. Hurtado and Hill compared Ache 
and Hiwi and found that their parentinglmating index predicted divorce rate, 
whereas father effect did not. Here we added the Hadza and !Kung to the sample 
and showed that neither father effect nor parenting/mating index predicted divorce 
rate. Divorce rate was predicted by fertility units per male (and by both of its com- 
ponents-total fertility rate and reproductive adult sex ratio). 

The view that higher costs of desertion lead to more enduring pair bonds 
received no support from this comparative analysis. Neither father effect, nor the 
ratio of father effect to mating opportunity (PM index) predicted divorce rate. The 
results are difficult to reconcile with the widely accepted view that paternal provi- 
sioning favors pair bonding. This view fails to predict the observed association of 
higher divorce rates with higher numbers of “fertility units” per male. The mea- 
sure “fertility units per male” is very close to the measures of “operational sex 
ratio,” which biologists have found to be a good predictor of many features of mat- 
ing systems (Kvarnemo and Ahnesjo 1996). It is regarded as a good measure of 
the strength of competition among males. This suggests we might consider 
monogamy as an outcome of male competition. 

This result is surprising to those of us who have long believed in the unique 
importance of paternal care in the evolution of human pair bonding. We note, how- 
ever, the many findings in the recent literature that cast doubt on the equally long 
assumed importance of paternal care in avian pair bonding. We note also that find- 
ings such as ours, and those of Hawkes (1990, in press), may open the way to 
much closer comparison with results of research on other primate breeding sys- 
tems (Hrdy 1997; Manson 1997; Smuts and Gubernick 1992). 

In the appendix we discuss many details of the measurements that could be 
thought to affect this conclusion. But we see one simple way to overturn our con- 
clusion-adding more populations to the sample and showing that the association 
disappears. Other simple interpretations of our result are possible. (1) Perhaps 
ease of discovery of extramarital intercourse varies among these societies and the 
result reflects variation in ease of discovery, and a constant rate of retribution by 
aggrieved spouses. (2) Perhaps FU/m reflects the opportunity for men to obtain 
matings outside marriage, and such matings carry a constant risk of discovery and 
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retribution by wives. Our finding would then reflect merely variation in “tempta- 
tions and discoveries”! But these interpretations require an explanation for a 
spouse’s retribution. 

Alternatives to Paternal Provisioning Theory 

If we remove paternal provisioning as an explanation for pair bonding, we cre- 
ate many orphaned observations. Can other theories account for them, and do they 
generate additional, distinct predictions? What are the alternatives? 

Models offered by Hawkes, Rogexs, and Charnov (1995) suggest that expendi- 
ture on cornpetition, or mate guarding, will be extensive and an even distribution 
of resources is likely to follow. An even distribution might result in ceaseless “wife 
swapping,” or a more static system, with fewer risks, perhaps especially where 
lethal weaponry is widely available (see Woodburn 1979). This might be enough 
to produce some semblance of pair bonding. 

Pair bonding as a solution to male contests (not a new idea; e.g., see Symons 
1979) draws attention to the social nature of marriage more forcefully than pater- 
nal provisioning has done. The knowledge and interest of individuals outside the 
couple is an obvious feature of marriage. Everyone knows who is married to whom, 
and tries to keep their information up to date. Axe the bystanders’ interests part of 
the mechanism that soIves the conflict and maintains monogamy? Could the inter- 
ests of “bystanders” help account for the persistence of marriage across a variety 
of economic systems (in which male opportunities to offer resources to females 
may vary widely)? Why should bystanders care who is married and who is single, 
and whether a couple is getting divorced? Both paternal provisioning and male 
competition theories offer quick, but differing, suggestions-who will be burdened 
with the “orphans” (a problem for their kin), whose mate might be attracted to the 
newly single people (a problem for all adults of reproductive age, and for kin of off- 
spring at risk of desertion)? Who might be set in renewed contest against whom? 

Female Support for a Conventional Solution to 
Male Contests 

Most of us find it difficult to envisage human mating systems without female 
preferences. Would women have an interest in supporting a conventional solution 
to male contests over sexual access? Recent literature has commented on the dis- 
ruption, occasional injury, and loss of time incurred by females as a result of male 
attempts at mating and competition for sexual access (Clutton-Brock and Parker 
1995). Females might gain from mating with the most effective competitors, but 
this gain is offset by costs in time and accidental injury, and ability to time 
conceptions optimally. When female time is valuable, the benefit of fewer time- 
consuming disruptions might exceed the value of mating with the winners of the 
disruptive cornpetition. Can we link the occurrence of pair bonding among birds 
and among humans to the high value of female time spent caring for and provi- 
sioning offspring? Elsewhere (e.g., Hawkes et al., chapter 1 1, this volume) we have 
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pointed to the significance of food sharing between females and offspring as dif- 
ferentiating all human foragers from other primates. We linked this to a shift from 
exploiting resources which are easily exploited by juveniles to exploiting the abun- 
dant but hard-to-access roots, tubers, and nuts that human foragers use so much 
more than other primates. The woman’s current infant, and to a greater or lesser 
extent all her previous offspring (her weaned pre-adult children), depend upon her 
foraging time. In this sense her foraging time, and her control over this time, may 
be much more reproductively valuable than that of other primate females. Interfer- 
ence thus becomes much more costly. Perhaps this makes female support of male 
mate-guarding conventions worthwhile. Our suggestion generates the expectation 
that women might prefer men who are better able to guard them and keep other men 
away (either by their ability in contests, or by their reputation and its effect on other 
men’s readiness to concede to them). But these ideas imply that many females set- 
tle for lower-quality males than they might have obtained from continued compe- 
tition. Our speculations call urgently for systematic modeling! 

Female Preference for Providers 

It has long been argued that females might prefer males who provide resources, 
and it has long been assumed that females are able to put this preference into 
effect. Males might then benefit from conforming to female preferences and, for 
example, compete for females by providing more resources. Does this lead us 
straight back to the paternal provisioning hypothesis? Would it give the same pre- 
dictions as traditional assumptions about paternal provisioning? We think not, for 
two reasons. First, Hawkes’s (1990) “showoff ” model illustrates that it may pay 
males not to conform with female preferences for a provisioner where there are 
modest returns to effort seelung extra matings. Second, provisioning or child care 
given in competition €or sexuaI access should vary with factors that affect the pay- 
off~ from effort to gain and maintain sexual access, such as female fertility, and 
the intensity of competition among males. Provisioning as paternal investment 
should vary with vulnerability of offspring and effectiveness of male care, and 
with male estimates of paternity. While paternal provisioning can account for the 
differences between stepfathers and biological fathers (Daly and Wilson 1987; and 
see Marlowe 1997 on Hadza stepfathers), it has difficulty accounting for the care 
that stepfathers do show. If childcare and/or provisioning is part of the bargain that 
maintains sexual access to a female, stepfathering is easily accounted for. Giving 
food or care in exchange €or lasting sexual access may imply one kind of bargain- 
ing situation (perhaps similar to that described in Hewlett 1992). Giving food or 
care in proportion to its effect on offspring fitness suggests another, perhaps with 
more closely shared interests of males and females. 

If marriages involve only mutual investment in offspring our options for 
accounting for the great number of marriages that break up before children are 
born are limited to guessing how long partners might wait to test fertility. If mar- 
riages involve a bargain over sexual access, then the early years of a marriage may 
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involve assessment of various aspects of the bargain and its prospects. We find this 
suggestion the more likely of the two to provoke investigation. 

If marriage does incorporate complicity in a conventional solution to male con- 
test andor constitutes some kind of bargain, then both partners will be interested 
in the bargaining position of the other, and in signs that the other will keep the bar- 
gain. Can some of the mate preference criteria tapped by widely used question- 
naires be seen as indicators of bargain-keeping? If so, we might better understand 
the similarity between the sexes in the mate preference criteria that some readers 
find to be the most striking finding in mate preference studies. 

CONCLUSION 

If we loosen the grip of paternal provisioning on our thinking, we can attend to 
a wider array of behavior associated with pair bonds or marriage, and to a richer 
array of ways to account for variation in human mating systems. Anthropologists 
have long told us that marriage is a social phenomenon (Bell 19971, and psychol- 
ogists have long told us that marriage is an uneasy bargain (e.g., Schoeninger and 
Wood 1969). Armed only with paternal provisioning theory we have been quite 
restricted in our exploration of these (Kerber 1994), and often tempted to dismiss 
them as describing “trappings of modern civilization” or “socially imposed 
monogamy” and so forth. Freed from paternal provisioning, and by paying more 
attention to male Competition, we may find it possible to understand, even predict 
or derive, more of the complexities that anthropologists and psychologists have 
observed. 

SUMMARY 

1. We added two more populations (Hadza and !Kung) to the comparison of 
divorce rates among Ache and Hiwi reported by Hurtado and Hill (1992). 

2. Divorce rate is not predicted by father’s cost of desertion, nor is it predicted 
by either of two versions of Hurtado and Hill’s parentinglrnating index. 

3. Instead, in this very limited sample of four hunter-gatherer populations, 
divorce rate is found to be higher when there are more “fertility units per male,” a 
measure of the strength of competition among males. 

4. We suggest that pair bonding be examined again as a solution to male-male 
competition. 
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NOTES 

1. We use “pair bonding” to refer to lasting cohabitation of a man and a woman. We 
attend primarily to ideas about why men stay in such a relationship. We pay little attention 
to female choice, even though its existence is quite apparent. 

Although the Ache father effect is apparently primarily due to infanticide following 
desertion or death of the father, Hill and Hurtado describe Ache informants linking infanti- 
cide to the cost of providing for orphans. 

2. 

APPENDIX: HOW IMPORTANT ARE THE WEAKNESSES IN 
THE STUDY? DEFINITION OF MARRIAGE 

Comparative studies have many problems and this study is no exception. Do 
“married” and “divorced” mean the same in each population? Would a couple 
recorded as married in one population be recorded as married by a different ethno- 
grapher in a different population? AI1 evidently attend to coresidence, and all seem 
to imply consensual intercourse, and a social recognition of these two features. In 
each society there appears to be a view that couples can be recognized by other 
individuals. There is sume variation in what informants say about extramarital sex 
and jealousy, but strong constancy in reports of violence between men over 
women. Concepts of “legi tirnacy” vary. Among the Ache “secondary fathers” are 
recognized and seem to influence an orphan’s survival prospects. Among the 
Hadza a woman’s children by a previous husband quickly become named as “chil- 
dren of” her current husband. 

Sampling 

While the data on each population result from an immense amount of work by 
each team of fieldworkers, a sample size of four populations is still dangerously 
small. Probably other populations could be added to this comparison with limited 
data analysis by other ethnographers. One problem with this sample warrants a 
special caution. The Ache figures are very different from the other three. Do these 
differences have an undue influence on the result, the picture we get from the sam- 
ple? Are divorce rates among hunters and gatherers really rather invariant, with the 
exception of the Ache? We cannot answer this question without a larger sample. 
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Measures of Marital Stability 

Hurtado and Hill (1992) used two measures of marital stability, divorce rate 
and number of husbands reported by postreproductive women. There are problems 
with using number of husbands as a measure of marriage stability. 

1.  In 1996 Marlowe asked 17 women how many times they had been married. 
His impression was that, even more so with his larger sample of men, the older 
individuals omitted brief partnerships from long ago, which younger individuals 
seemed inclined to report. His data give no indication of an increase in number of 
husbands with a woman’s age. Fifteen of these women were found in our census 
records. The record for ten of them showed the same number of spouses as they 
reported to Marlowe. Of the remaining five, four reported one less spouse than the 
record showed, and one reported more. These census records cover a period of 10 
years, less than half a woman’s reproductive career. Hadza women’s reports of 
number of husbands appear to be substantial underestimates of the actual number. 

A large proportion of Hadza women of postreproductive age remain 
unmarried after their husband dies or leaves them. If Hadza differ in this from 
other populations, then number of spouses reported will also be expected to be 
lower for Hadza women of postreproductive age. 

Number of husbands includes those acquired by a widow. Thus the figure 
will be influenced by husband’s mortality rates, and since these are associated with 
age, and with the age gap between husband and wife, it may also vary from one 
population to another. 

4. Number of husbands is probably overweighted by the rate of dissolution 
early in a marriage. We argued that rate of divorce in marriages that had lasted long 
enough to produce children was the best test of a “costs of desertion” theory of 
divorce. Hadza arid !Kung divorce rates differed more with respect to marriages 
that had lasted five years than they did among the “younger” marriages. Marriages 
tend to be at highest risk in their first to fourth year, and among younger individu- 
als. Howell ( 1979) attributes some of the divorces among the !Kung to the tendency 
for women’s first mamages to be at a very young age and to much older men. This 
is apparently not entirely at the girls’ choice, and they frequently leave their older 
husband. We see little sign of social pressure on Hadza girls to marry a particular 
man (but in 1997 we witnessed two instances of girls being put under pressure to 
reach a decision between rival suitors “before violence broke out”), and age at first 
marriage appears to be greater for Hadza women than among the !Kung (although 
age at first birth seems to be very similar). These factors may account for the appar- 
ently lower tendency of Hadza marriages to break up in the first year or two. 

2. 

3. 

If we had used women’s interview reports of the number of husbands as our 
measure of stability we would have clustered the Hiwi (1 -7 by end of reproductive 
career) and Hadza (1.5) very close together, with the !Kung (2.45 husbands 
reported by women over 45) a little higher, and the Ache (12.1 average of hus- 
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bands for postreproductive women) as a distant outlier. This ranking suggests 
higher divorce rates are associated with higher father effect, the opposite of the 
paternal provisioning prediction. 

Father Effect 

The effect of fathers on children’s survival has been measured in slightly dif- 
ferent ways, although the problems of comparison between them are quite limited. 
Pennington and Harpending’s evidence about the effect of !Kung fathers is rather 
indirect. They compared the infant and child mortality of children borne to women 
who had lost a husband (usually through death, they report) with that of women 
who had not lost a husband. Some of the effect may reflect simultaneous strikes 
by epidemics (killing husband and children but sparing the woman to survive to 
be interviewed!). Nor do we know whether the infant deaths preceded or followed 
the paternal deaths, or whether less healthy men get less able wives. 

The link between father effect and paternal provisioning is not established for 
any of these populations. The Ache, with their pattern of food sharing and their 
high incidence of infanticide, might appear to offer a particularly poor example. 
However, Hill and Hurtado (1996) offer emic evidence that Ache men resented 
giving food to “orphans,” and that the infanticide represented removal of the fit- 
ness loss that would result from feeding a dead man’s children. 

Father effect might underestimate the economic value of husbands because 
women must be presumed to allocate resources optimalIy between care and fertil- 
ity. Thus when the father leaves, she may delay the next birth, and any shortfall in 
resources wilI then have less efEect on current offspring than if she had continued 
bearing new offspring at her previous rate. This does not weaken the usefulness of 
father effect as a measure of desertion costs, but it does imply that resources she 
may have obtained from the father could have more effect on her fitness than our 
measure might be taken to indicate. If females allocate resources under their con- 
trol between fertility and care, then, if we follow Smith and Fretwell’s venerable 
(1974) model, a male who transfers resources to a female can have no effect on 
offspring survival, only on their number, 

Hill (personal communication) suggested that father effect measured by 
absolute number of children lost would better reflect costs of desertion. If we make 
this recalculation, ranking on father effect does not change but parenting/mating 
index does, in a direction that counters the Hurtado and Hill (1992) finding: Hiwi 

Table 4.5. Recalculating father effect as number of offspring lost by desertion. 

Survivorship Survivorship Father Eflect 
Population with Father without Father Fertility (N of Children) P/M Index 

Ache .86 .53 7.8 2.57 .29 
Hiwi .57 .52 5.4 0.27 .07 
! Kung .58 .46 4.7 0.58 .I6 
Hadza .48 .44 6.2 0.25 .04 
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(-07) have a lower parentinglmating index than Ache (-29) and should desert more 
readily, which they do not (Table 4.5). 

Fertility Units per Male 

Is fertility units per male a good measure of benefit from desertion? It measures 
the number of units of paternity available per male, and thus opportunity to gain 
paternity. This should be a good measure of opportunity and probability of returns 
from pursuing matings outside the marriage. But first, it does not directly measure 
the reproductive benefit to be gained by giving up the continuing fertility of the cur- 
rent wife for the fertility of a new wife. On average, over a span of, say, five years, 
these would be the same, unless men only leave their wife for a woman of higher 
fertility. This could happen on two time scales-he might desert a pregnant or lac- 
tating wife €or one who is neither (the mirror image of the strategy suggested by 
Fisher [ 19891 in which a man is predicted to leave his wife just as she returns to 
fecundability). He might desert a wife who is nearing the end of her reproductive 
career for one who is at peak fertility, or has much of her career ahead of her (Lock- 
hard and Adams 198 1). Because we are dealing with populations that have broad- 
based age pyramids, with many more younger people than older, FU/m will tend to 
correlate with the number of younger females per male, so failure to specifically 
measure the benefit of new matings may not have greatly distorted the picture. 

Second, TFR (total fertility rate) is a component of FU/m. If infant and child 
mortality rate varied among these populations, mortality might account for some 
of the variance in TFR and mT/m. Ache infant mortality appears to be lower than 
the Hiwi, !Kung, or Hadza rates, which are very similar to each other. If Ache 
infant mortality increased, replacement births would increase and raise TFR and 
thus Ache FW/m would be raised, and our correlation would remain. 

Third, FU/m may be a good measure of the operational sex ratio (OSR) and 
male-male competition. OSR has often been measured by reproductive “down- 
time”-how much less of the time are females available for reproduction (fertility 
units, conceptions, not copulations) than males? For noncontracepting human 
females, in cultures where babies are suckled for two years or more, and where 
lactational infertility is found, high TFR must accompany a greater number of 
opportunities for fertilization. In such populations it seems reasonable to note the 
parallel between Hurtado and Hill’s FUlm and Clutton-Brock and Parker’s OSR. 

Fourth, FU/m depends on the reproductive age span. We use Hurtado and Hill’s 
span of 15-40 for women, but Hazda women’s reproductive career would be bet- 
ter represented as 18-45. For the !Kung should we use the average age at last birth 
reported by Howell (age 34), or the much higher modified figure obtained by Blur- 
ton Jones (1994) for bush-living women who may have avoided the highest inci- 
dence of secondary sterility due to disease? 

Fifth, the answer to the question of determining reproductive age span is even 
less obvious for men. If the measure is supposed to reflect competition, should it 
reflect the ages during which men are actually trying to compete? How do we 
determine this? Hurtado and Hill comment on age variation in men’s ability as 
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hunters, implying that this influences their competitive ability. Should we limit the 
age range to those producing viable sperm? This measure is difficult to obtain! If 
we determine it by the ages at which men are married, or at which they still have 
a prospect of getting married, this seems in danger of getting circular-we end up 
using the proportion that competed successfully as part of a measure of intensity 
of competition. We note that the evoIution of menopause increased the number of 
men competing for each woman of reproductive age compared to when the repro- 
ductive spans of the two sexes were similar. 

Would our results be different if we changed the age ranges? Most of the Hadza 
men age 55-65 were married. If FU/m is intended to measure the degree of com- 
petition for paternity among men “in the market,” then perhaps we should include 
these men. There were 23 men age 55-65 (80% of them married). Adding these to 
our sample yields 157 men and an FU/m of 5.88. Although this is a substantial 
reduction, it leaves the ranking unchanged. Hadza FU/m still lies about halfway 
between the !Kung and Ache rates; this actually makes the relationship between 
divorce rate and FU/m more nearly linear. 

Among the !Kung, Howell reported that men first marry in their late twenties. 
If we remove men age 20-25 (say 13 of the 25 men estimated to be age 20-29) 
then we have 90 women, 101 men, and a TFR of 4.7 results in a !Kung FU/m of 
4.19. Then the association between FU/m and divorce rank would be perfect. 

And finally, why does “fertility units per male” vary so much among these pop- 
ulations? Total fertility rate and reproductive age spans both contribute to this vari- 
ation, and so does adult sex ratio. Are adult sex ratios in these small populations 
stable enough to affect reproductive strategies? Hurtado and Hill argue that the 
Ache and Hiwi figures have a time depth of at least 30 years but offer no explana- 
tion for them. 
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Fertility, Offspring Quality, and Wealth in 
Datoga Pastoralists 

Testing Evolutionary Models of 
Intersexual Selection 
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One of the greatest challenges for evolutionary anthropology is to account for the 
wide variation in human marriage and mating practices using Darwinian logic. 
Early studies of human marriage systems were strongly influenced by Emlen and 
Onng’s (1977) theoretical model linking mating systems and resource distribu- 
tions. Thus the strong associations of polygyny with marked differences in wealth 
and power among men (e.g., Betzig 1986; Chagnon and Irons 1979; Irons 1979) 
were seen as evidence that men commonly use their resource-holding power to 
monopolize women and render them unavailable to other men (e.g., Flinn and 
Low 1986). Over the years behavioral ecological models have broadened consid- 
erably. Recently, the potential for conflict between the sexes has been emphasized 
(Gowaty 1995; Smuts and Smuts 1993; Westneat and Sargent 1996). The notion 
of mating systems has also become problematic since sexual relations may take 
place beyond the so-caIled breeding pair. This chapter explores the impact of 
polygynous marriage on a variety of fitness indices in the Datoga of Tanzania and 
attempts to delineate some of the dynamics of sexual conflict in their marriage 
system. 

Polygyny has been a topic of enormous interest to sociocultural anthropolo- 
gists. Comparativists have elucidated many of the conditions in which polygyny 
obtains, but they have focused almost exclusively on men’s strategies. Thus White 
and Burton (1988) attribute the causes of polygyny worldwide primarily to expan- 
sionary fraternal interest groups that capture women and bride-wealth through 
warfare. Similarly Spencer (1980) views polygyny in Africa as the consequence 
of men’s attempt to differentiate themselves in wealth and power, often through 
gerontocratic processes. There are problems with such male-biased sociocultural 
approaches (Borgerhoff Mulder 1992b). Most notably, they do not look at how the 
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dynamics of sexual conflict shed light on marriage systems. This is where an evo- 
lutionary model might be helpful, 

From a biological perspective, polygyny almost inevitably has fitness advan- 
tages for males in any species. From the females’ point of view however, its con- 
sequences may be quite different. Two sets of theoretical models have been used 
to explain the extent of polygyny in birds and mammals-one predicated on 
female choice, the other on male coercion (though both can interact; Searcy and 
Yasukawa 1989). These models have not been systematically explored in humans. 
The first assumes that females have at least some autonomy in their mating 
choices. In situations where males offer critical resources to females, co-mates are 
likely to suffer the cost of competition over these limited resources. According to 
the original polygyny threshold model (Verner and Willson 1966), females can 
compensate for (and thus offset) these costs by selecting as polygynous mates only 
those males offering more resources than eligible unmated males. The Iogic fol- 
lows Fretwell and Lucas’s (1970) ideal free distribution model (Vehrencamp and 
Bradbury 1984). The second family of models assumes that females’ mating 
options are severely limited; in starkest terms, they are coerced by males. Even 
where there is no direct coercion, however, conflicts of interest between males and 
females can restrict the latter from fully compensating for the costs of polygyny 
(Clutton-Brock and Parker 1995). Additional accounts for the evolution and main- 
tenance of polygyny can be proposed by dropping various assumptions of the 
above models. For example, females might suffer no costs from sharing their 
mates, or they might accrue advantages from the presence of other females (Alt- 
mann et al. 1977). 

Tests of evolutionary models have been made only in a handful of human pop- 
ulations, but the findings so far are intriguingly variable. In some cases there is 
support for a female choice model, as among East African pastoral and agropas- 
toral popuIations (Borgerhoff Mulder 1992b) and the Yanomamo (Hames 1996), 
where the costs associated with polygyny are low. In other contexts a male coer- 
cion model seems more compelling, €or example in some Australian (Chisholm 
and Burbank 1991) and West African popuJations (Strassmann 1997) where there 
are generally high fitness costs to polygynous marriage. In yet other cases it 
appears that the reproductive costs associated with polygyny are recouped in the 
second generation, as in Josephson’s (1 993) study of the Mormons. Elements of 
co-wife cooperation have also been examined (Chisholm and Burbank 1991; Irons 
1983). The outstanding issue now is not to differentiate between the two types of 
model because coercion by men and judicious choice and strategy by women 
coexist in most if not all human populations. Rather, it is to identify the strategies 
of each sex, and in particular to determine the mechanisms whereby marital status 
affects the various components of fitness (Brabin 1984; Sellen 1995; Strassrnan 
1997). 

Thus there remains a need for further empirical tests of the evolutionary sig- 
nificance of human polygyny. Our investigations of the fitness costs of polygyny, 
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and the mechanisms whereby these costs might be mediated, are based on the 
Datoga, a pastoral Tanzanian population. For several reasons, pertaining primarily 
to the considerable economic autonomy of women (at least in contrast to many 
other East African pastoral populations), we hypothesized that polygyny in this 
population would entail no, or only very limited, costs. 

THE STUDY POPULATION 

The population studied occupies an area containing a wide variety of arid veg- 
etative communities and terrain (Figure 5.1) in the Eyasi and Yaeda basins. Rain- 
fall averages 300-500 mm per year (Tanaka 1969) and is bimodal, falling in 
November to December (short rains) and April to June (long rains). There is sub- 
stantial year-to-year variation in total rainfall. Herds of cattle, sheep, and goats are 
either used to provide raw materials for household implements and milk, blood, 
fat, and meat for the diet, or they are sold to generate cash for the purchase of 
maize, cloth, shoes, women’s jewelry, tobacco, honey (for brewing beer), and vet- 
erinary medicines. Maize cultivation has been attempted by a few households 
since at least the 1960s (Tomikawa 1978), but productivity is extremely low today. 
The Datoga are relatively poor among East African pastoralists (Sellen 1995; Sieff 
1995), child mortality rates are high (Borgerhoff Mulder 1992a), and data on mor- 
bidity, child growth, and adult body size strongly suggest high rates of infection 
and undernutrition (Sellen 1999a; SeIlen 1999b; Sellen 2000). 

Marriage and family formation involves a compIex system of cattle exchanges 
and bride-wealth which, though typical of other East African pastoral groups, 
gives women considerably more autonomy than appears to be the case elsewhere 
(see also Klima 1964). First, although all women marry, elopement, desertion, 
divorce, and remarriage occur rather frequently. For example, just over half of 399 
Datoga women questioned reported having chosen their current husbands them- 
selves, and one-third of these women were in second or higher-order marriages 
(Borgerhoff Mulder Z992a); interestingly, divorce and remarriage do not lower 
overall reproductive output in this population. Second, though bride-wealth is 
minimal (a single non-negotiable heifer) a so-called dowry gift (dug bataid) of 
between 1 and 13 cattle is made to the bride by her parents (Klima 1970) (Bor- 
gerhoff Mulder 1991). In an area of the world where women’s property rights are 
usually curtailed (Dahl 1987), this is remarkable. Our observations suggest that 
women retain rights of ownership to these animals; that is, they are not subsumed 
into the husband’s herd. Furthermore, Klirna (1964) notes that women with large 
dowry herds have significant economic power in the household. 

All adult women are married, 85% in polygynous unions and 35% as the first- 
married wife within a polygynous union. There are no recognized rankings of sen- 
iority among co-wives, other than the general respect that usually accompanies 
increasing age, and Datoga tradition states that all wives be treated equally. At any 
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Figure 5.1. Map indicating the location of the communities studied in the Lake Eyasi and 
Yaeda basins. 
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given time, 40% of families are polygynous, with individual men marrying up to 
eight wives. Within polygynous families, a single wife and her living children 
form the smalIest domestic unit (the ga). Each wife is expected to provide for the 
needs of her own children. Her contribution to the health and survival of her chil- 
dren depends on the milk of her own cows (see “Women’s Wealth” below), on the 
amount of maize allocated to her by the husband, on her own labor contributions 
in secondary food processing, childcare, and on the products of her own work. 
These tasks include milking and watering livestock, collecting water and fuel 
wood, grinding the maize (by hand), processing milk products and cooking, and 
occasionally herding. In addition to caring fur their own children, co-wives take 
turns cooking for their husband and his visitors. 

A household consists of one or a group of marital units who share living struc- 
tures and a common herd; in some cases several independent households occupy 
a single homestead. The Datoga regard the senior man in each household as the 
household head, and the household herd is referred to under his name. There may 
be other adult men in the household who run their livestock in with those of the 
senior man. These are usually married sons, unmarried brothers, or recently mar- 
ried brothers of the senior man who have not yet set up their own independent 
households. Even though individual ownership rights (sometimes anticipatory) 
are recognized, this combined herd is emically referred to as a distinct group of 
livestock more or less accessible to all household members, all of whom help out 
with livestock management duties. For analysis, we will refer to this as a house- 
hold herd. For all practical purposes one can equate any individual man’s wealth 
with his household’s wealth. Where several men share a household and do not dif- 
ferentiate their herd, they may be thought of as having similar wealth in livestock. 

There is substantial variation among households in their size and livestock 
holdings. Even though wealthier households contain more and larger families, 
wealth per capita increases with absolute wealth in livestock across households. 
Such variability in absoIute and reIative livestock holdings means that male house- 
hold members clearly differ in their potential for offering resources to prospective 
wives. Indeed the level of polygyny achieved by household heads is weakly cor- 
related with current household wealth in livestock. There are also temporal varia- 
tions in wealth, presenting a problem for analysis, which we address in the 
discussion. 

THE HYPOTHESIS 

The available ethnographic evidence suggests a female choice model could 
account for the practice of polygyny among the Datoga. Fewer constraints apply 
than in the Kenyan Kipsigis where women’s marital choices are essentially made 
by their parents, where economic autonomy of women has been (until very 
recently) minimal, and where divorce and remarriage is forbidden (Borgerhoff 
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Mulder 1990). Directly or indirectly, Datoga co-wives compete for access to the 
food resources produced in their households. One way for a woman to minimize 
reproductive costs associated with polygyny might therefore be to enter a polygy- 
nous marriage with a rich man, or to leave a poor man should he take additional 
wives. If such strategies are successful, then all women’s marriages should follow 
an ideal free distribution with respect to fitness outcomes, and empirical tests 
should reveal few differences among women of different marital status. 

The logic of this theoretical reasoning is challenged by field observations of 
conflicts among some co-wives. These suggest an alternative hypothesis that fit- 
ness costs might be observed among at least some women with co-wives. Fur- 
thermore, these costs may be experienced unequally with respect to wife rank (the 
order of marriage to the present husband in relation to other wives) or the number 
ofco-wives in the union. In this paper we Iook only at the latter, since marital rank 
provides less information about the arrangements within families. 

METHODS 

Anthropornetric, socioeconomic, and demographic studies were conducted at 
several semipermanent settlements around Lake Eyasi and in the Yaeda Basin 
between 1987 and 1996. For this analysis, we triangulated findings from various 
data sets collected and examined as described below. Statistical analyses were per- 
formed using either SAS (SAS Institute 1989) or SPSS (SPSS Inc. 1993) on a per- 
sonal computer. 

The Demographic Study 

Reproductive histories were collected from women living at eight semi-perma- 
nent settlements between 1987 and 1989 (Borgerhoff Mulder 1992a). The derno- 
graphic sample consists only of women who were in their first or second 
marriages. The measures analyzed here are based only on a woman’s current mar- 
riage, if it had lasted more than one year; this helps to ensure reliability of the data 
since details were cross-checked with husband and wife. Women were aged either 
according to their reported birth year, or on the assumption that their first marriage 
occurred when they were 18 years old, the median age at first marriage. Demo- 
graphic indicators were calculated from data on 103 women of childbearing age, 
and 28 who had completed reproduction, defined as either reaching 49 years of age 
or not having produced a child within the previous five years. The date of birth of 
each live-born child was established through retrospective demographic inter- 
views and reference to local event calendars. The year and season of death was 
determined for those who subsequently died. 

Marital status was measured as the number of a woman’s living and co-resident 
co-wives. Even within the current marriage a woman’s marital status can change, 
whenever her husband marries or one of her co-wives deserts or dies. Accordingly, 
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€or yearly hazards of fertility (data not presented here) and child mortality, an 
annual measure of marital status was used. For measures averaged across years 
(e.g., production of surviving offspring) a modal measure of marital status was 
used, calculated as the most common number of co-wives a wife experienced in 
her current marriage. 

Household wealth was estimated from information collected by structured 
interview at one or more points between 1987 and 1989. It was measured as the 
total number of animals in the husband’s household herd (see above). Livestock 
numbers are expressed in Tropical Livestock Units (TLU), a measure by which 
cattle, sheep, and goats can be tallied in terms of their mutual exchange value. By 
means of this index households were categorized as being richer (upper tercile), 
medium (middle tercile), ox poorer (lower tercile). 

The Growth Study 

Longitudinal data on the growth status of a11 children under 3.5 years of age 
with no younger siblings were collected at three semipermanent settlements in 
1992 as part of a prospective study of growth and diet (Sellen 1998). The initial 
anthropometric status of the youngest child of 86 mothers from 62 families clus- 
tered into 41 households is examined here. Analyses of covariance were per- 
formed to test for associations between children’s growth status, marital status of 
the mother, and indicators of household wealth while controlling for the age and 
sex of children. 

The same observer (DWS) took all anthropometric measures following stan- 
dard procedures (Frisancho 1990; Gibson 1990; Jelliffe and Jelliffe 1989). Year 
and month of birth of children measured were obtained from interviews with par- 
ents or other family members, using standard crosschecking methods (Blurton 
Jones et al. 1992; Borgerhoff Mulder 1992a; Pennington and Harpending 1993). 
Informants were asked to place the date of birth of each child on a local calendar 
of events (Sellen, Sieff, and Borgerhoff Mulder 1993). Measures of recumbent 
length, weight, age, and sex of each child were used to derive standardized mea- 
sures of achieved growth by comparison to the appropriate reference sample in the 
CDC/NCHS/WHO tables (Department of Health Education and Welfare 1977a, 
1977b). The relative growth performance of any child at the time of measurement 
was expressed in terms of deviation from the appropriate reference value: Z-score 
= (Observed Reference,,, Js.d. reference. The weight-for-age 2-scores (WAZ) 
and length-for-age Z-scores (HAZ) for all children for whom a reliable age and 
height were obtained were calculated using a computer program (CDC 1991). 

Marital status of the mother was measured as the number of a woman’s living 
and co-resident co-wives at the time of observation. AI1 of the mothers in this sam- 
ple were in their first or second marriage and had been married to their current hus- 
band for at least a year. An indicator of household wealth was calculated from the 
size of the domestic herd using structured interviews at 34 of the 41 households 
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(62 children from 46 families). The domestic herd is that portion of the total herd 
that is kept at the homestead and is available to the women and children living 
there. It is distinct from an additional portion of the herd, which, in the case of 
some households (1 1 in this sample), was kept at “cattle homes” (ged dug) by 
warrior-class males. Since these animals are not directly available to the house- 
hold members, they were not included in estimates of household wealth in live- 
stock. Household wealth was measured as TLU and households were categorized 
into terciles based on the average size of the domestic herd in 1992. 

The Study of Women’s Wealth 

Within households, individual women have some livestock that are strictly their 
own; they also have different kinds of rights to livestock within their husband’s 
household herd. Data on these internal herd breakdowns (Sieff 1995) are based on 
141 women, living in 74 different households (68 women interviewed in 1993; 82 
interviewed in 1996). The information from the two surveys was pooled for com- 
parisons across women of different marital status. Two sorts of data are used here. 
First, the total number of animals in the woman’s husband’s herd at the time of the 
interview was determined. By this method, women could again be ranked in ter- 
ciles according to their husband’s household wealth. Second, three categories of 
livestock are considered as “women’s wealth” for the purposes of this study. Based 
on elaborate indigenous terms we were able to distinguish livestock given to a 
woman on her marriage by her natal family (dug bataid), livestock in her sons’ 
herds (dug geshaded), and those livestock allocated for her use by her husband 
(dug end). We adopt this procedure because these are the stock with which a 
woman provisions herself and her immediate family. 

RESULTS 

Reproductive Success 

We examined the number of offspring successfully raised to their fifth birthday 
in relation to the modal number of co-wives a woman experienced in her current 
marriage in the two demographic samples. We use this as an index of reproductive 
success since most mortality occurs prior to the fifth birthday (Borgerhoff Mulder 
1992a). The result was quite unexpected. Among women of childbearing age, 
those in marriages with a single co-wife showed a lower rate of production of sur- 
viving offspring than women with two co-wives (Figure 5.2); all pair-wise com- 
parisons between samples were significant. A similar pattern was observed in the 
postmenopausal sample, although even when women with two or more co-wives 
were combined the difference was marginally significant (F2,24 = 3.10, p < 0.06), 
possibly because of the small sample size. 
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Figure 5.2. Surviving offspring born per married year to currently childbearing women 
according to modal number of co-wives (n = 103 women). Analysis of variance shows 
main effects of number of co-wives (F3,98 = 3.86, p = 0.012). Bars represent means and 
standard errors. Numbers above bars indicate sample sizes. 

Child Growth and Mortality 

Variation in two outcome measures of growth performance, length for age and 
weight for age, was examined for associations with the current number of co- 
wives. This measure of marital status was included as a main effect in an initial 
general linear model along with sex of the child and birth order (first- or later- 
born) as dichotomous control variables, age in months as a covariate, and all two- 
way interactions. Children measured were small for their ages in comparison to 
international references. Only child’s age and number of mother’s co-wives were 
significantly associated with the child’s length and weight at the time of first 
measurement (Figure 5.3). Those children born to women with one current co- 
wife showed poorer growth than all others did, similar to the pattern for repro- 
ductive success. Pair-wise comparisons of these children to those in each other 
category were not significant, 
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Figure 5.3. Growth status of young children, 0-3.5 years, according to number of CO- 

wives of the mother (n = 86 surviving children). Bars represent estimated residual means 
and standard errors after adjusting for age and sex of child. Numbers above bars indicate 
sample sizes. Median lengths and weights of American children would fall on the y = 0 
reference line. Analysis of covariance shows main effects of number of co-wives (HAZ: 
F4, 76 = 5.625, p = .001 ; WAZ: F4, 86 = 4.017, p = 0.005) and child’s age at measurement 
(HAZ: F,, 76 = 5.231, p = .025; WAZ: F, ,  85 = 4.787, p = .032), and no significant inter- 
action of these effects. 

The risk of a live-born child dying before his or her fifth birthday was exam- 
ined in relation to the marital status of the mother at the child’s birth. Data were 
combined for menopausal and currently childbearing women. Although the prob- 
ability of death was highest among children of mothers with a single co-wife 
(0.31, compared to 0.27 [no CO-wives], 0.21 [2 CO-wives], and 0.23 [>2 CO-wives]), 
a logistic regression model showed that number of co-wives was not a significant 
predictor of child mortality. Thus the length and weight deficits of children born 
to women with a single co-wife found in the prospective growth study are not 



Fertiliv, Offspring QuuZiv, and Wealth in Datoga Pustoralists 101 

matched by differences in child mortality in the retrospective demographic study. 
However, greater mortality among the possibly poorer-growing children of 
women with a single co-wife is indicated when the sample is stratified by wealth 
(see below). 

Effects of Wealth 

There was wide variation in wealth of the households of which the women in 
our samples were members. For women in the demographic sample, point esti- 
mates of household wealth in livestock varied up to 30-fold (sample of 115 house- 
holds; Borgerhoff Mulder 1992a). Among a subsample (n = 20) of households in 
which child growth was studied, mean monthly domestic herd size varied 20-fold 
(Sellen 1995). Similarly Seff (19951, using a more precise method of livestock 
enumeration, found that point estimates of total herd size varied 35-fold in a sam- 
ple of 37 households. Importantly, polygynous unions tend to be more common and 
larger in wealthier households. One consequence is that a higher proportion of 
monogamous women in the population are married to poor husbands, while polyg- 
ynously married women tend to be married to richer husbands. In the sample of 
women for whom women’s wealth (as defined above under “Methods”) was 
recorded, married women in richer households had more livestock than married 
women in poorer households did (Figure 5.4). Furthermore, in the medium and 
poorer categories women with more co-wives had fewer livestock of their own. 
This result suggests that the costs of polygyny may be more marked among women 
married in poorer households, prompting a reanalysis of the data by wealth of 
households. Three wealth strata were constructed €or each sample to identify inter- 
actions between numbers of co-wives and access to livestock resources in the asso- 
ciations with reproductive rates, child growth, and child mortality. 

For currently childbearing women the effects of household wealth and modal 
number of co-wives on the rate of production of surviving offspring were exam- 
ined (Figure 5.5). Women with a single co-wife produced fewer surviving off- 
spring per married year in the two lower wealth categories, but not in the richest 
category, and the interaction term was significant (see legend). 

Significant effects of‘the number of co-wives on growth scores were observed 
only among children in poor households, where low weight was associated with 
children born to mothers with one co-wife (Figure 5.6). The wealth pattern is 
interesting. Child growth scores tended to be highest in households of medium 
wealth or richer households with many co-wives. 

Mortality risks prior to the fifth birthday were examined in relation to the mar- 
ital status of the mother at the time of the birth. Children of married women in poor 
households were at highest risk (Figure 5.7). Furthermore, although child mortal- 
ity was elevated among women with a single co-wife in all wealth strata, this effect 
was only significant when the woman was married to a man in a poor household. 
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Figure 5.4. Women’s wealth in relation to household wealth and number of co-wives (n 
= 141 women). Bars represent estimated means and standard deviations. Numbers above 
bars indicate sample sizes. Women are categorized according to the reported size of the 
household herd at interview (richer tercile, >39 TLU; medium tercile, 14-39 TLU; 
poorer tercile, c14 TLU). Contrasts in women’s wealth by co-wife status are significant 
only within the medium wealth category (F2, 28 = 3.773, p = 0.032) 

DISCUSSION 

An Explanation for the Findings 

Taken together these data suggest that some but not all women in polygynous 
marriages suffer fitness costs in terms of both offspring quantity and quality. 
Women married to men with a single co-wife produce fewer surviving offspring 
per year spent married than do other women, and their children grow more poorly 
during the first three years of life. The possible causes of this rather surprising pat- 
tern become clearer when we incorporate into the analysis differences in wealth 
among households. We consistently find that the costs associated with having a 
single co-wife are more marked among women married to men in poor house- 
holds. In some analyses (reproductive success) we show clear interaction effects 
between wealth and marital status, whereas in others (growth and mortality) we 
show that the co-wife effect is restricted to poorer contexts. We conclude first that 
some women in the population are unable to make marriage choices that fully nit -  
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Figure 5.5. Surviving offspring born per married year to currently childbearing women 
according to modal number of co-wives and household wealth (n = 75 women). Bars rep- 
resent means and standard errors. Numbers above bars indicate sample sizes. Weaith is 
measured as the reported size of the household herd at interview (richer tercik, <60 TLU; 
medium tercile, 21-60 TLU; poorer tercile, <20 TLU). Women with two or more CO- 

wives are combined because of small samples. Analysis of variance shows a main effect 
of number of co-wives (F2,65 = 6.06, p = 0.004) and an interaction of co-wife and wealth 
effect (F4,65 = 2.78, p = 0.034). The main effect for wealth is marginally significant 
across all wealth strata (0.05 < P .c 0.10). The effect of number of co-wives is not signif- 
icant in the richer households (F2,25 = 0.85, NS), is marginally significant in the poorer 
households (F2,20 = 3.16, p = 0.063), and is significant in the households of medium 
wealth (F,.,9 = 10.50, p = 0.008). 

igate the costs of polygyny, and second that these costs are mediated through 
behavioral and physiological mechanisms that compromise young children’s 
growth and increase child mortality rates. 

Why might this be? It is likely that resource stress contributes to the deleterious 
fitness outcomes for women with a single co-wife. Critical household resources 
that must be shared among co-wives include (i) the principal food sources, live- 
stock and grain; (ii) more direct forms of paternal investment, such as the husband’s 
labor and any cash he may have; and (iii) gifts from outside the household made 
directly into the husband’s herd. A basic problem of allocation amung co-wives 
exists. Indeed, we can show that a woman really does have limited access to live- 
stock if she is married into a poor household or one of medium wealth (especially 
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Figure 5.6. Young child growth performance in relation to number of co-wives and size 
of domestic herd (n = 86 children 0-3.5 years of age). The distribution of heights for age 
is very similar to the distribution of weights for age, shown here. Bars represent esti- 
mated residual means and standard errors after controlling for sex of the child and age at 
measurement. Numbers above bars indicate sample sizes. Weaith is measured as the 
average size of the domestic herd during 1992 (richer tercile, >30 TLU; medium tercile, 
12-30 TLU; poorer tercile, <12 TLU). Analysis of variance across all wealth strata shows 
that after controlling for the general decrease in growth scores observed among surviv- 
ing Datoga children over this age range, the main effect of wealth is significant for WAZ 
(F3, 63 = 3.974, p = 0.012) and marginally significant for HAZ (F3, 56 = 2.520, p = .069). 
The effect of wealth disappears after controlling for co-wife status of the mother at the 
time of measurement. Overall, the number of co-wives is not a significant main effect for 
either measure of growth after controlling for household wealth and age of the child; the 
interaction of wealth and number of co-wives is not significant. No data are available for 
mothers from households of medium wealth with three or more co-wives. However, the 
number of co-wives is significantly associated with child weights in the poorer house- 
holds (F3, 17 = 3.648, p = 0.025). Although within each wealth stratum, chiId growth 
appears to follow a pattern of decrease and then increase with the number of co-wives in 
the household, sample sizes are inadequate for drawing a firm conclusion about this. 
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Figure 5.7. Risk of a live-born child dying before his or her fifth birthday according to 
number of co-wives and household wealth (n = 513 children with wealth data). Bars rep- 
resent means and standard errors. Numbers above bars indicate sample sizes. Wealth is 
measured as the reported size of the household herd at interview (richer tercile, >65 
TLU); medium tercile, 28-65 TLU; poorer tercile, €28 TLU). Logistic regression, com- 
bining women with two or more co-wives, shows a significant effect of number of CO- 

wives (Wald statistic = 13.31, df = 2, P = 0.001) and wealth (Wald statistic = 8.37, df = 
2, P = 0.015). Log likelihood values show that the effect of number of co-wives is sig- 
nificant only in the poorer households (2LR = 9.38, df = 3, p = 0.025), though the 
wealtldco-wife interaction effect is not statistically significant. 

if she has co-wives; Figure 5.4). It is therefore plausible that direct access to criti- 
cal food resources, particularly the milk and meat products of animals classified as 
“women’s wealth,” underlies the fitness differentials we identify. 

However, the observation that fitness indicators do not decline monotonically 
with number of co-wives is initially puzzling in light of this explanation, and it 
forces us to question whether resource stress is indeed the only explanation €or the 
pattern reported here. One alternative explanation we should consider is co-wife 
cooperation, for which there is considerable indirect evidence in our results. First, 
with respect to the production of surviving offspring, the fact that women with 
more than one co-wife prosper even in poor households suggests effective co-wife 
cooperation under such circumstances. Since there are plenty of opportunities far 
mutual labor assistance among women in Datoga households, such cooperative 
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strategies may be important in mitigating the risks of child mortality among CO- 

wives married to poor husbands, at least when there are more than two co-wives. 
Second, when all wealth categories are combined, wumen with two (and three or 
more) co-wives have significantly more surviving children than those in other cat- 
egories, possibly indicative of positive co-wife interactions at all wealth levels. 

The second alternative explanation for the high mortality and growth reduc- 
tions of children born to at least some polygynously married women is disease. 
Isaac and Feinberg (1982) and Roth and Korup (1988) have proposed that there is 
increased mortality in such households because of greater exposure to infectious 
disease. Since this hypothesis (at its simplest) predicts a rnonotonic increase in 
mortality with number of co-wives, it is also not well supported among the 
Datoga. 

In summary, among the rich, marital status is largely irrelevant for fitness out- 
comes. In poorer households monogamously married women prosper, most likely 
because they do not have to share their husbands’ wealth. However, if women mar- 
ried to poor husbands find themselves with more than a single co-wife, they seem 
to be able to mitigate the costs of resource stress in some way, possibly through 
cooperation. 

Proximate Factors 

Polygyny has until recently been thought to afkcect demographic outcomes more 
through depressing fertility than affecting mortality. All early work pointed to 
reduced fertility outcomes (Culwick and Culwick 1939; Dorjahn 1959), a pattern 
commonly attributed to either the large spousal age differences among polygy- 
nously married women and their spouses or to the spread of sexually transmitted 
diseases among multiple wives. Though not presented here, logistic regressions 
showed no effects of any measure of marital rank, or spousal age differences, on 
Datoga women’s fertility. As reported, the varying fitness outcome we see results 
from child mortality. The challenge now is to identify how numbers of co-wives, 
in conjunction with resource shortages, affect child survival. 

At a more proximate level, differential child survival may result from differ- 
ences in nutrition, susceptibility to infection, and maternal time allocation to 
childcare and competing tasks reflecting differences in workloads and household 
food security. Children in many traditional populations and developing nations are 
likely to grow poorly because mothers are too busy to provide high-quality child- 
care (especially critical during periods when children have illnesses that cause 
diarrhea and loss of appetite) or lack the time and ingredients to prepare an ade- 
quate weaning diet (Brown et al. 1995; McGuire 1991; McGuire and Popkin 
1989). Furthermore, growth faltering among young children is an indicator of 
increased risk of death (Martorell and Habicht 1986; Pelletier et al. 1995) and 
increased risk of reduced adult body size and functional capacity in many contexts 
(Allen 1990; Beaton et al. 1990; Martorell 1985, 1989; Martorell et al. 1994). We 



Fertility, ORspring Quality, and Wealth in Dataga Pastorulists 107 

suspect that polygyny and poverty, particularly when they act in conjunction with 
each other as they do in this population, are likely to affect child outcomes through 
a similar suite of mechanisms (see also Sellen 1995). 

Differences in mortality rates among children of mothers of different marital 
status, though not statistically significant across the sample, are consistent with the 
differences in observed growth. Most child mortality occurs before age five in this 
population (previously estimated at about 20% of all births [Borgerhoff Mulder 
1992a], but shown to be 26% for this more reliable sample). Some of these deaths 
stem from underlying causes that may not be under the direct influence of mater- 
nal behaviors (e.g., congenital malformations, malaria, and other infections). Nev- 
ertheless, an evolutionarily significant proportion is most likely attributable to the 
interaction between infection and factors such as frequency and duration of breast- 
feeding, quality of weaning foods, and childcare arrangements (Tomkins and Wat- 
son 1989). Earlier work shows that Datoga mothers vary greatly in their 
breast-feeding and weaning practices (Sellen 1.998); in addition, those with poorly 
growing children tend to breastfeed their infants longer but less frequently (Sellen, 
unpublished data). Therefore, where there are few household resources and just 
two co-wives, childcare and feeding may be less adequate, resulting in higher lev- 
els of undernutrition and infection among children and increased lactational 
amenorrhea among mothers (mediated by continued breast-feeding and dimin- 
ished maternal energy balance). 

Potential Problems with the Data and Analysis 

Some important methodological limitations to our study should be considered 
when drawing inferences about Datoga women’s marital decisions. Although our 
three samples overlap, the sampling frame varies, and the data were collected at 
various times up to six years apart; in addition, slightly different methods were 
used for measuring marital status and wealth. 

With respect to marital status, whereas in the growth study current marital sta- 
tus was used to structure comparisons between women, in the demographic study 
either the marital status of the woman at the time of the focal child’s birth or the 
modal marital status she experienced in her marriage was used. We justify this 
approach on the grounds of using the measure most synchronic to the fitness out- 
come of interest. With respect to household wealth, growth outcomes are related 
to domestic herds whereas reproductive outcomes are related to total livestock 
holdings. The rationale for this is that the size of the domestic herd best captures 
the availability of nutritional resources to mothers immediately preceding the time 
their young children were weighed and measured, whereas the total livestock 
holding more likely reflects the resources available to women during their mar- 
riage to the current husband. The consequence for the analysis is that the wealth 
tercile ranges are not the same in each study. Nevertheless, since domestic and 
total livestock holdings are closely correlated, we maintain that the use of incorn- 
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mensurate terciles to reflect wealth rank is preferable to the use of commensurate 
but less appropriate indices of resource availability. 

Several other problems arise from the practical challenges of studying African 
pastoral populations in general (Sellen 1996) and from the specific difficulty of 
incorporating the full complexity of the Datoga socioecological system in our 
analyses. Ideally, the relationship between poor child growth and increased mor- 
tality should be tested for each individual. However, it is difficult to implement 
follow-ups of sufficient sample size and duration to relate long-term survival to 
early anthropometry in this type of population. Unstable residence and high rates 
of household migration complicate longitudinal work and data analysis. Of 124 
households (containing the families of 135 men) visited by one of us (DWS) 
between May 1989 and December 1992, 34 (27%) arrived in the Eyasi area dur- 
ing the study period and 5 1 (41 %) had moved on by the end. A further 14 house- 
holds ( 1  1.3%) moved from, and then returned to, the study area during this period. 

Measures of wealth are inevitably complicated in pastoral populations by the 
temporal stochasticity in herd sizes and the complexity o f  changes over the house- 
hold cycle (Borgerhoff Mulder and Sellen 1994). Also, given the high levels of 
sharing of food and labor within and among households, we remain very unclear 
about the net associations between absolute wealth in livestock (some measure of 
the total value of livestock owned by members of a household), relative wealth in 
livestock (the same measures, but divided by the numbers of persons, or adult- 
equivalent consumers, in the househoid), the time and energy expended in work, 
and actual food intakes of individual household members. Indeed, the relationship 
between child growth and household wealth may be related to variations between 
wealth strata in dependency ratios and relative household wealth, both of which 
affect labor organization and thus the ability of mothers to care for children, within 
households. Whereas absolutely richer households often contained a high propor- 
tion of unmarried or widowed adults, middle wealth households tended to achieve 
a balance in the ratio of adult caretakers to young children and livestock per capita 
that was more favorable to child growth (for more discussion, see Sellen 1995). 
Moreover, the complex pattern of shared ownership of a household herd blurs the 
functional distinctions between the wealth of individual men and the wealth of the 
households of which they are key members. By explicitly recognizing the close 
linkage of husband’s and household’s wealth in our analysis, we have modeled 
women’s marital choices as contingent on the broad conditions within potential 
husband’s households. 

Finally, tests of the polygyny threshold model should examine women’s mari- 
tal decisions based on the available choices among men at the time they married, 
as in the study of polygyny among the Kipsigis (Borgerhoff Mulder 1990). This is 
much harder to do in a population as mobile as the Datoga, where it would be 
nearly impossible to know what the pool of men or women was for any given 
marriage. 
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The Female Choice Model 

Given these problems, it is intriguing that such consistent patterns emerge. The 
observation that fitness costs are relatively low among women with many co-wives 
is consistent with the polygyny threshold model and may be explained by the fact 
that these women are in most cases married to wealthy men, or into wealthy house- 
holds. Even where women are married polygynously to poor men, they manage to 
offset these costs if they have more than one co-wife with whom to cooperate (see 
Chisholm and Burbank 1991 for more evidence of women7s compensatory strate- 
gies). However, insofar as women in poorer households with a single co-wife do 
suffer severe fitness costs, we can conclude that at least some assumptions of the 
polygyny threshold model are violated. This would be consistent with Searcy and 
Yasukawa’s (1 989) “partial compensation” model. Apparently, some women are 
not able to “choose” optimal marriages at the time they are eligible. Why might 
this be? 

There are several possible constraints on women’s optimal choices. First, there 
is parental choice. We might expect that women in marriages to which they report- 
edly had “eloped” without parental consent would be more likely to end up in 
favorable marital circumstances, but this is not supported by the data; “stolen” 
marriages show patterns that are not statistically differentiated from those pre- 
sented here, Similarly women in their first marriages (over which parents may be 
expected to exert greater control) might be more likely to end up in unfavorable 
marriages, for example, polygynously married to men in poor households; this 
again is not supported by the data. 

Second, we need to recognize that all marital choices are made with imperfect 
knowledge. Not only are a husband’s future marriages unknown, but the size of his 
household’s herd is highly volatile (see the point about stochasticity, above); it is 
difficult for a woman to know whether or not that herd will continue to grow or 
collapse over time. Still, since this uncertainty affects all women equally, it can- 
not precisely explain the single co-wife effect in the Datoga, though it can explain 
the absence of a strict polygyny threshold. 

Third, there is the issue of broader constraints. Very few women, irrespective 
of whether or not it is their first marriage, enter the marriage market entirely free 
from set constraints by kin, clan, and household. Men show considerable concern 
over their sisters’, classificatory sisters’, and daughters’ marital arrangements and 
often try to restrict or encourage particular marriages or even extramarital affairs. 
We have observed many incidents where tensions arise over marital choices and 
alliances. Conflicts of interest within pastoral households are endemic, and they 
interfere with any simple optimality analyses (Burgerhuff Mulder and Sellen 
1994), including the polygyny threshold model. 

Fourth, it is possible that a woman’s marital status influences the assistance she 
gets from her natal home. On the one hand this may compensate some women for 
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the costs of an unfavorable marital outcome. On the other hand, we cannot dis- 
count the possibility that withdrawal of assistance from nataI kin is actually one of 
the mechanisms through which the costs are mediated. The data presented here 
show that junior wives in poorer households have fewer livestock of their own. 
This is evidence against the natal kin-compensation hypothesis but, in the absence 
of information about the resources available in the natal home, we cannot evalu- 
ate the natal kin-retrenchment hypothesis. Yet another possible dynamic that we 
have not considered in this analysis is that husbands’ allocations (dug end) to their 
wives tend to compensate for low dowry (Sieff 1997). Clearly, stronger interpre- 
tations of these patterns of fitness differences may emerge from further clarifica- 
tion of these dynamics. 

CONCLUDING REMARKS 

We are woefully lacking in comparative data on the fitness consequences of 
polygyny across a range of African pastoralists, let alone other groups, and it 
would be premature to draw broad inferences from a handful of cases. Neverthe- 
less the present results suggest that we have identified another polygynous society 
in which many women do not achieve an ideal free distribution with respect to fit- 
ness payoffs through the exercise of marital choices. In some senses the result is 
surprising. Where coercion predominates (e.g. , the harem societies described in 
Betzig 1986), or where co-wives are ranked in seniority as in Mormons and some 
West African societies, we expect marked fitness costs. Among the Datoga, by 
contrast, where women enjoy considerable autonomy with respect to marriage and 
livestock, we had expected there would be few indications of fitness costs, as pre- 
dicted by the female choice model. In another sense, however, the Datoga result is 
not surprising. Datoga polygyny conforms in many ways to Spencer’s model 
(1980), in which polygyny is clearly an outcome of competitive processes among 
men upon which women have little impact. Clearly the plight of polygynously 
married women, and the strategies open to them, lie at the heart of intersexual 
competition. 

SUMMARY 

1.  Anthropologists generally attribute polygynous marriage to competition 
among men, but human evolutionary ecologists are now interested in the interplay 
between models predicated on male coercion and female choice. 

It is very difficult to investigate this dynamic in human populations 
because of the paucity of data on the fitness consequences of polygyny across dif- 
ferent human populations. 

2. 
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3. We used data from three related investigations conducted over a nine-year 
period to address the mechanisms whereby polygyny is maintained among Eyasi 
Datoga pastoralists of Tanzania. 

Given the apparent marital autonomy enjoyed by women in this commu- 
nity, we predicted on the basis of female choice models that we would find few 
indications of fitness costs among polygynously married women. 

Contrary to these predictions, the results indicate that Datoga women do 
not achieve an ideal free distribution with respect to fitness payoffs through the 
exercise of marital choices. In particular, women with a single co-wife produce 
fewer surviving offspring, and their children grow more poorly in the first three 
years of life. 

The possible causes of this unexpected pattern become clearer when we 
show that the fitness costs associated with having a single co-wife are most 
marked among women married to poor men. These costs are shown consistently 
for several different fitness indicators. 

Our results suggest mechanisms whereby marital status affects fitness in 
this population. First, the costs of polygyny are mediated through reduced access 
to livestock. Second, a variety of behavioral and physiological sequelae of poverty 
negatively affect young children’s growth and survival. Third, co-wife cooperation 
can mitigate the costs of competition over resource access in some circumstances. 

We conclude that fitness costs are appreciable for some women in polygy- 
nous unions. Although the female choice model can explain some aspects of the 
persistence of polygyny in the Eyasi Datoga, we now need to investigate further 
the factors that constrain Datoga women’s choices if we are to better understand 
the marriage system. 

4. 

5. 

6 .  

7. 

8. 
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Manipulating Kinship Rules 

A Form of Male Yanomam6 Reproductive 
Competition 

NAF’OLEON A. CHAGNON 

Biologist Richard D. Alexander cogently argued that societal rules and laws inter- 
fere with individual reproductive strategies and probably exist in order to thwart 
them. In his view, “the function of laws is to regulate and render finite the repro- 
ductive strivings of individuals and subgroups within societies, in the interest of 
preserving unity in the larger group” (1979:240). In this paper I discuss the rela- 
tionship of kinship rules to societal laws and argue that in tribal societies with pre- 
scriptive rules of marriage, kinship classification rules are like the societal laws 
Alexander has in mind, and they serve the same purpose. 

The history of cultural anthropology has included a major effort to determine 
if laws as we know them exist in the preindustrial (tribal) world, and indeed, sev- 
eral of the prominent founders of anthropology were trained in law and pursued 
this question in their early works (Maine 1861; Morgan, 1851, 1870; see Fried 
1967 for a discussion of the legal backgrounds of a number of pioneers in anthro- 
pology). Many of the early founders of anthropology were also fascinated with 
kinship classification systems, a field of study that dominated anthropology for 
most of its history. Leslie A. White (1957) went so far as to argue that the work of 
Lewis Henry Morgan on Iroquois kinship marked the official origin of anthropol- 
ogy as we know it, a profession based on field studies of other societies. Note also 
that Elman R. Service’s ultimate book (1985) documented in great detail that the 
first century of anthropology was dominated by arguments and controversies over 
what primitive kinship classifications and kinship terms meant. 

What is puzzling, however, is that pioneers in the anthropology of law and pio- 
neers in the study of kinship systems viewed primitive law and kinship rules as fun- 
damentally different things. Today, almost all anthropologists agree that most of 
the social action between individuals in the tribal world is “embedded in” lunship 
and kinshiplike institutions. As to law and whether or not it exists in these same 
kinds of societies, Robert Redfield’s summary (1 964) probably represents a gener- 
ally held view: whatever is said about primitive law, the most conspicuous thing is 
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that there is not much of it. The view from anthropology is therefore kinship rules 
are everywhere and universally found, but societal laws as we know them are rarely 
found in the primitive world. Ergo, kinship rules are not societal rules. 

I believe that one of the primary reasons that anthropologists have generally 
regarded studies of kinship rules as being very different from the study of primi- 
tive law is the widely held view that kinship systems and rules of kin classification 
have little or nothing to do with reproduction andor the frequent conflicts of inter- 
est that result from reproductive striving. A milestone in the anthropology of kin- 
ship that could have, but did not, change this view was the 1949 work of Claude 
Lkvi-Strauss, who made the remarkable observation that all of the world’s known 
systems of kinship classification fell into one of two distinct categories. Some of 
them had what he called prescriptive rules of marriage in which marriageable 
partners were specified by kinship terms. All other systems fell into a second cat- 
egory in which one’s potential marriage partner was not prescribed by kinship 
classification. The first group had “positive” rules of marriage and led to the 
development of “elementary” social systems and the second group had “negative 
rules” and resulted in “complex” social systems like our own. 

It should have been obvious to anthropologists thereafter that some kinship 
classification systems-those that Lkvi-Straws called “elementary systems”- 
defined marriage and reproductive rights and that in these kinds of systems, kin- 
ship rules should be viewed as “rules” or “laws” regulating reproduction and to 
thwart and avert conflicts of interest that result from reproductive striving. 
Whereas L6vi-Strauss explicitly argued that these social systems existed to regu- 
late the flow of women, goods, and services between groups of relatives, most 
social anthropologists focused on how the “flow of women’’ established system- 
atic elegant “structural systems” based on patterns of “alliances,” but materialist 
cultural anthropologists continued to focus narrowly on competition for and flow 
of scarce, strategic material goods-land, pigs, hunting territories, etc. Neither 
group of antbropoJogists paid serious attention to the implications of prescriptive 
marriage rules as societal laws existing to regulate conflicts of interest over repro- 
ductive rights in women. Indeed, cultural materialists puzzled for years over the 
“causes” of widespread warfare and other forms of conflict in places like Highland 
New Guinea and completely missed the fact that much of it might have been over 
women. It took a Protestant missionary, apparently unaware of or unpersuaded by 
then- existing anthropological “truths” that fighting and conflicts must always be 
over material resources, to cast new light on much Dani warfare and, by extension, 
possible causes of fighting that ethnographers might have ignored in other areas of 
Highland New Guinea. Over approximately 30 years he simply documented the 
causes of fights, feuds, brawls, and wars among the Dani: the single most common 
cause of conflicts was competition for women (Larson 1987; see also Chagnon 
1980). 

I argue that in elementary systems of kinship where marriage possibilities are 
specified by lunship categories and classifications, rules of classification are 
essentially societal laws about male proprietary rights to marriageable females 



Manipulating Kinship 117 

(Lkvi-Strauss 1949). Where female mates are scarce and difficult to obtain, kin- 
ship classification and misclassification are conceptual tools used by adult males 
in the general arena of mate competition. Among the Yanomamo (and other soci- 
eties with a similar system of classification and rules of marriage), from both the 
male and female points of view, there is one and only one relative of the opposite 
sex who is a legitimate potential mate. Men must marry women they classify as 
suaboya and women must marry men they classify heEroya (a simple but narrow 
gloss for both terms being bilateral cross cousin). Marriage and/or sex with sorne- 
one who is not in these categories is considered to be incest-yawarei, yaware- 
mou-and is a violation of the rules. The outrage, anger, and conflict that follows 
when a man marries a woman who is not his suabuya can be intense and some- 
times causes villages to fission. The outrage, however, seems to have very little to 
do with a natural or inherent human “abhorrence” of incest: it has more to do with 
detecting a cheater who, by marrying a prohibited person, has deprived some other 
male from the opportunity to marry her. Societal outrage over the 4 L i n ~ e ~ t ~ ~ ~ ~  act” 
comes mainly from male reproductive competitors and their close kin. 

If we view kinship classification in prescriptive marriage systems as a strategic 
decision-making activity in the arena of mate competition, then a number of com- 
parative questions come to mind. In an earIier paper (Chagnon 1988) I demon- 
strated that men were systematically misclassifying some female relatives in order 
to put them into the suabuya category and thereby increase their own mating 
opportunities. I did not directly test the hypothesis that adult men were, in general, 
more accurate than adult women in classifying their relatives, although I suspected 
that was true because men were better informants for genealogical information 
and faster at identifying and classifying all relatives (Chagnon 1988), suggesting 
that they knew genealogies more accurately than females did and were more 
familiar with the rules of classification than females were. Adult males also initi- 
ated the rnisclassifications of kin in order to enhance their own marriage possibil- 
ities and those of their sons and younger brothers. 

This suggests at least two paradoxes. First, if adult males are the perpetrators 
of misclassifications, how could they also be more accurate than females in clas- 
sification of kin? Second, Alexander (1979:241ff.) argues that we can use Dar- 
winian theory to predict that young males from households where one parent, 
particularly the father, is not present should be more likely to break the rules than 
males from households with both parents present because males with only one 
parent present may receive less assistance from kin with such problems as obtain- 
ing wives. I will directly test the first of these paradoxes and discuss the second 
one and related topics. 

BACKGROUND TO THE STUDY 

During my 1985 field research I collected approximately 11,000 kinship 
responses from 104 Yanornamo informants in three different villages.2 Informants 
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ranged in age from approximately 5 years to approximately 75 years, 85% falling 
between 13 and 40 years (Chagnon 1988). Approximately equal numbers of male 
and female informants were interviewed fur each age grouping. 

Classification responses were solicited from each informant for every co-resi- 
dent in the following way: each was shown a color polaroid close-up photograph 
of every co-resident of the village and asked “What do you call this person?’’ The 
person’s name was whispered into the informant’s ear as the question was asked 
to make sure the informant also knew verbally who the co-resident alter ego in 
question was and did not have to rely only on photographic identification. The 
responses were tape-recorded and later entered into computer files. The responses 
are described here as “observed” kinship classifications. 

My preliminary report (Chagnon 1988) focused primarily on deviations from 
expected classifications by male informants for female kin. “Expected” was 
defined in terms of the known rules of Yanomamo kinship classification for 
genealogically defined relationships between Ego and Alter Ego. For example, 
was the woman that many informants identified as the mother of a particular per- 
son actually classified as “mother” by that person? Genealogical relationships 
between all co- residents had been established during many previous field trips. 
The depth of the genealogies ranges from 6 generations for the very young infor- 
mants to 2 or 3 generations for the older informants. 

The general objective of the study was to test hypotheses generated from Dar- 
winian theory. One of the hypotheses was that adult males would reclassify female 
kin from categories of lesser reproductive utility into categories of greater repro- 
ductive utility. This prediction was confirmed: adult males were shown to demon- 
strate a bias in misclassifying female kin so as to move matrimonially ineligible 
females from other taxons into the “wife” taxon; in other words, they “created” 
more wives than any other type of female kin when they misclassified female kin. 

Another hypothesis was that since males had a harder time finding mates than 
females did, and given the mortality patterns of the population, males should be 
expected to track their kinship and genealogical world more carefulIy than 
females. Yanornamo mortality patterns are such that individuals are unlikely to 
have living, coresident genetic parents by the time they are 20 years old. Since 
marriages are arranged by parents ’and older (usually agnatic) kin, finding mates 
becomes more of a prubIem fur males than for females. Females are usually prom- 
ised in marriage before reaching puberty, but males are usually about 20 years of 
age or slightly older and by this age, relatively few of them have living, coresident 
fathers (Chagnon 1981, 1982,1988). Males, therefore, must often depend on male 
kin other than their fathers to help them in this regard. It was hypothesized that 
males would be more likely to learn genealogies and classifications of kin sooner 
in life and more thoroughly and accurately than same-age females, since this 
information would be more crucial to their marital and reproductive possibilities. 
This hypothesis was not tested directly in my preliminary report (Chagnon 1988), 
but I did show that males, in general, were faster at classifying coresident kin than 
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females were, suggesting that they might know kinship classification and genealo- 
gies more thoroughly and accurately than females. I test this hypothesis below. 

ANALYSIS OF CLASSIFICATIONS OF FIRST ASCENDING 
GENERATION KIN 

The present paper addresses three points, focusing on male and female classi- 
fications of kin in the first ascending generation: 

1. 
2. 

3. 

Accuracy of classification by adult male and adult female informants. 
The possibility that accuracy of classification declines as a function of the 

The possibility that cultural factors, such as laterality (which side of the 
coefficient of relationship between classifiers and classified. 

family the kin are on), affect classification accuracy. 

Age, Sex, Village Fissioning, and the Distribution of 
Ego’s Coresident Kin by Type 

The informants were asked to classify only those kin who then lived in their vil- 
lage, although they had many other kin in other villages as well. I have elsewhere 
(Chagnon 198 1,1982) described how, over a person’s lifetime, lunsmen get sepa- 
rated from each other and why particular kinds of relatives-and how many of 
them-live together in the same community. Among the Yanomamo, the primary 
factors are village fissioning and natality/mortality patterns. 

Fissioning. As villages grow, they eventually reach a size that cannot be 
effectively organized by the principles of kinship obligations, descent, marriage 
reciprocity, and the limited charisma of the political leaders (Chagnon 1997 
[ 19681, 1974). Villages eventually fission, separating kinsmen of various types 
into two independent villages. In general, social allies remain together and sepa- 
rate from their social  competitor^.^ Social allies turn out to be, for men, those adult 
males who are likely to be wife givers, usually cross cousins of varying degrees of 
genealogical closeness, while competitors are usually parallel cousins, especially 
patrilateral parallel cousins (Chagnon 1981,1982). Thus, an adult man might have 
dozens of patrilateral parallel cousins, but only a fraction of them would be co-res- 
idents. This means that kin of some genealogical categories will be over- or under- 
represented; this is especially true for ascending generation kin where the effects 
of fissioning have led to the diaspora of certain kinds of kin from the vantage of 
adult classifiers. 

Age and Sex Distribution. The age and sex distribution of the Yanomamo 
population reflects the typical natality and mortality patterns found in the primi- 
tive world. The population is “young,” there are more males than females in the 
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younger age categories, and the number of older people decreases rapidly by 
ascending age category (Melancon 1982; Swedlund and Armelagos 1976). 

It follows that the number and kinds of coresident kin a person has will be a 
function, in part, of his or her age. Adults will have few ascending generation kin, 
many more own-generation kin, and most kin will be in the descending genera- 
tions. Since this paper focuses on accuracy of classification by adult informants 
for their $rst ascending generation coresident kin, it therefore focuses on the 
smallest category of kin the typical adult would have around him or her. The find- 
ings here must therefore be taken to be tenfative until the entire body of data is ana- 
lyzed. 

Genealogical specifications of the types of kin considered in this paper are kin 
who fall into the first ascending generation from Ego’s perspective. The study is 
presently restricted, in this generation, to kin no more remote from Ego than first 
parallel cousins of Ego’s parents. A major reason for this has to do with the decline 
in predictability of Ego’s “expected” kin usage for cross cousins of Ego’s parents 
(Chagnon 1974:app. C). 

Age of Adult Informants. Informants estimated to be 14 years old or older at 
the time of the field research are considered to be adults in this paper. There is no 
hard and fast rule for specifying age at adulthood, and the exact age used is rather 
arbitrary in even our own culture, where, for some purposes and in some states, a 
person is an adult at age 18 (voting, drinking), 19 (conscription), or 21. I: have cho- 
sen 14 years mainly because, by that age, a typical Yanomamij has probably accu- 
mulated the major fraction of knowledge he or she will ever have regarding 
classification rules and genealogical information for coresident kin.4 

Analytical Methods 

Classifications by the informants in all three villages were pooled. Village sizes 
were 61, 11 1, and 170 residents in which 46, 26, and 32 informants were inter- 
viewed, respectively (Chagnon 1988). Informants age 14 and older amount to 
approximately 80% of the original 104 informants: those under age 14 are 
excluded from the analyses except where indicated. 

Each informant was compared, by computer search, to every co-resident in 
hislher village to determine if they were related by one or more genealogical con- 
nection. Where the informants were not shown to be related genealogically to co- 
residents, the particular dyad was eliminated from consideration. Informants were 
related to approximately 90% of all co-residents, and only these dyads comprise 
the data set analyzed here. Furthermore, where the informant was related to a co- 
resident by more than two genealogically known connections, as is often the case 
in populations as highly “inbred” as this one, just the two closest connections were 
considered in the analysis. 

The kinship term used by each informant for every co-resident was established 
in the field as described above. This datum is defined here as “observed” kinship 
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usage. The “expected” kinship usage was established by the formal rules of 
Yanornamo classification (see Chagnon 1974, 1982, 1988). The “expected” clas- 
sifications are therefore how people “ought” to classify their kin on the basis of 
their principles of classification. These are basically the “rules” determined by 
general field inquiries, such as “What should you call a sister of your father? Your 
mother’s brother? Your father’s mother?’’ 

Accuracy, therefore, refers to the degree of conformity of the “observed” clas- 
sification to the “expected” classification. 

Each of the genealogically specified positions were assigned discrete “mud- 
dles” codes, i.e., genealogical specifications for that position (discussed in detail 
in Chagnon 1988 and below). The primary reason for keeping track of the two 
closest genealogical connections in cases where Ego and Alter Ego were related 
by more than two connections was to distinguish between “full” and “half” rela- 
tionships. Thus, siblings with the same genetic parents are full siblings but should 
not be terminologically distinguished in the “rules” of classification from half sib- 
lings, i.e., siblings who have the same father but different mothers, or the same 
mother but different fathers. For example, an informant’s male full sibling would 
be characterized by the “muddles” FS and MS, but a male half sibling would be 
either FS or MS.5 The statistics reported here treat each person as single entity; in 
other words, if two “muddles” connect Ego to Alter Ego, the person is counted just 
once-as a full rather than a half relative of a specific genealogical position. 

Determining whether or not full and half relatives of various categories are 
classified equally accurately is one of the objectives of this paper and projected 
similar analyses. While the formal rules of classification do nut prescribe different 
terrninologica1 usage for full and half relatives, kin selection theory suggests that 
closer kin are often treated differently than more distantly related kin-and a full 
cousin is more closely related to Ego than a half cousin, etc. Moreover, ethno- 
graphic studies show that relatives on one side of the family are more important 
for some purposes than equally closely related relatives on the other side and it is 
possible that the relative importance of matri- or patrilaterality can be explored 
quantitatively. Similar questions regarding kin in own versus other descent groups 
can also be explored in more detail, but are not examined here. 

A table (matrix) was generated by the computer summarizing the number of 
kin the informants had in the first ascending generation, pooling the information 
for informants less than 14 years of age (juveniles) and for informants 14 years 
old or older (adults). The number of times these various kin were accurately clas- 
sified was recorded, and a percentage of accuracy for each kind of relative was 
calcuIated. 

Findings 

Figure 6.1 corn- 
pares the accuracy of male and female informants. The first pair of bars on the 
graph (“All”) portrays all 104 informants’ responses (i.e., includes those less than 

Overall Accuracy of Adult Mule and Female Informants. 



122 Napoleon A. Chagnon 

Figure 6.1. Male and female accuracy by age. The difference in accuracy for informants 
below 14 years of age is not statistically significant ( t  = 0.57, df = 252, p = 0.2843) but 
the difference in accuracy for informants 14 years of age and oIder is ( t  = 8.1 1, df = 870, 
p = 0.0000). 

14 years old) to provide a general comparison of all male to all female informants 
for all ages. It shows that male responses in general are more accurate than 
females’ in general. 

When the informants are then segregated into juveniles ( 4 4  years) and adult 
(14 years old or older) categories, the result is that juvenile male and female 
informants are nearly equally accurate in classifying hun in the first ascending 
generation, but that adult informants differ in accuracy by sex: males are more 
accurate than females. Thus, accuracy of kin classification by males appears to 
improve after they are 14 years of age. 

Data regarding accuracy of male classification confirm one of the predictions 
made in my 1988 paper: males should be more accurate than females. However, 
they lend only tentative support to another argument-that young boys will be 
more accurate than young girls because boys must learn genealogies and classifi- 
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cation more thoroughly since, in the likely absence of parental kin to help them 
find mates when they reach age of marriage, they will have to finesse a wider net- 
work of kin to help them in this regard whereas girls are universally married off. 
In other words, while boys probably have to participate more actively than girls in 
the marriage-arranging activities conducted by older kin on their behalf, and that 
“participation” probably entails learning who the most likely kin allies would be 
and “favoring” them socially, conspicuous increases in their greater accuracy 
appear to develop after they enter the older juvenile and younger adult age cate- 
gories. 

Accuracy by htera l iv  by Sex of Adult Informant. Figure 6.2 summarizes the 
data regarding differences in accuracy of adult male and female informants in clas- 
sifications of kin on the patri- and matrilateral sides of the family. The purpose of 

Figure 6.2. Accuracy by laterality and sex of adult informants. While males are signifi- 
cantly more accurate in  classifying lun related to them through their mothers ( t  = -1.66, 
df = 482, p = 0.0485), females are significantly more accurate in classifying kin related 
to them through their fathers (f = 5.66, df = 386, p = 0.0000). 
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this analysis is to determine if “cultural factors” like laterality introduce biases in 
how manipulations of classification occur. For example, people are equally related 
to parallel cousins on the mother’s side and the father’s side of the family (assurn- 
ing paternity certainty is equal), but are they equally likely to misclassify them? 

Adult males tend to be more accurate than adult females on both sides of the 
family, but the difference in degree of accuracy is much more marked for kin on 
the matrilateral side. Thus, the overall greater accuracy of males (Figure 6.1) 
seems to be accounted for, in the first ascending generation, primarily by a much 
greater degree of accuracy in classification of matrilateral kin compared to patri- 
lateral kin. This suggests that adult male manipulations of kinship classification 
are biased toward the patrilateral side; in other words, patrilaterally related 
females are more likely to be moved out of appropriate taxons than matrilateral 
kin, but this conclusion is partially contingent on a consideration of the accuracy 
of classifications in other generations-if you misclassify an aunt, for example, 
you are likely to extend the misclassification to the generation above her. 

Figure 6.2 confirms other and more general arguments I have made about 
“allies” and “competitors” (Chagnon 1981, 1982; Irons 1979). Thus, a male 
should be expected to manipulate the classifications of females on the side of his 
family in which more of his mate competitors are found. In the case of the 
Yanomamo, a man’s main competition comes from his patrilateral kin because 
such lun compete with him for the same pool of potential mates. 

Closeness of Relutedness and Accuracy. The coefficients of relatedness 
between informants and all kin were calculated for every taxon. A comparison was 
then made using the value of Fg (relatedness calculated from geneaIogical data) as 
the independent variable.6 

Figure 6.3 shows the results in graphic form, indicating that as closeness of 
relatedness wanes, so also does classification accuracy for males and females of 
all ages pooled. 

This finding is of considerable interest from the perspective of kin selection 
theory and nepotism. Informants, in general, seem most reluctant to “tamper with” 
kinship classification for kin who are very closely related, but they appear to be 
increasingly more willing to do so in proportion to the decline in relatedness to the 
kin they misclassify. 

As was stated earlier in this chapter, the present analysis is only of data for the 
first ascending generation (Generation + 1). More detailed consideration of this 
finding cannot be pursued until the analyses are completed for each informant’s 
own and first descending generations (Generations 0 and <->1), where the infom- 
ants have the majority of their relatives. For example, kin who are related by Fg = 
0.5000 in the above data can only be genetic parents, and, since most of the 
informants are adults, there are comparatively few cases of informants having liv- 
ing, coresident ‘genetic parents. When Generations 0 and <- 1 > are considered, the 
numbers of kin for the Fg value 0.5000 will expand considerably, since these gen- 
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Figure 6.3. Accuracy by genealogical relatedness (Fg) among all informants. Kin terms 
are more accurately used for close kin than for distant kin (Speannan rank correlation, 
one-tailed: R = 1.0, M = 5 ,  p = 0.0080). 

erations will include full siblings and offspring. I do not anticipate that these pro- 
jected analyses will reverse the findings shown in Figure 6.3. 

DISCUSSION 

The above data indicate that although adult males seem to initiate misclassifi- 
cations-break the rules-they also seem to adjust their manipulations by restrict- 
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ing how far (genealogically) out (or away from) the misclassified person they log- 
ically extend their “modified” classification of that person. For example, if they 
misclassify a “niece” as “wife,” they usually also extend the misclassification for 
this person up one generation and call that woman’s mother by the term meaning 
“mother-in-law = wife’s mother.” But they appear to stop the process at this point 
whereas their female kin seem to be less likely to do so, resulting in what statisti- 
cally emerges in this analysis as lower “accuracy” among female classifiers. In the 
field, this appears to the researcher to be female informants’ uncertainty, confu- 
sion, and out-loud deliberation of rhetorical questions like “ . . . well, let me think. 
I call his mother ‘X’ and I call his wife ‘Y’ and therefore I should call him ‘Z,’ but 
because he calls me ‘A’ I should call him. . . . ” Male informants usually give a 
quick response with Iittle or no hesitation. 

A specific example of the greater reluctance of adult males to deviate from 
“accurate” classifications after a misclassification is the following. In one of the 
villages (not included in the above analysis) a widely known rnisclassification of 
several women (sisters to each other) was initiated by the headman so his sons 
could marry them, and they did. His sons were willing to adjust their kinship usage 
for other men who were eligible to marry these same women, but those men 
refused to reciprocate and would not answer my question “What do you call X?” 
They avoided a direct answer, even though I repeated my question several times, 
and kept responding by saying: “He calls me brother-in-law.” They should have 
called each other by “brother” terms as they had done all their lives, but the losers 
in this manipulation refused to acknowledge the winner’s gain publicly and would 
not reciprocally call him “brother-in-law” but also would not call him “brother” 
like they used to before the manipulation. 

It is interesting to reflect on the differences between patterns of male rule 
breaking in our own society and in societies like the Yanomamo where marriages 
are arranged for young men by older men and where important rules in male-male 
mate competition revolve around kinship classification of women. As Alexander 
pointed out (1979), law-breaking men in our society tend to be young and tend to 
come from homes with a nonresident father whose direct role in the reproductive 
success of his sons is marginal. Almost the opposite is true in societies like the 
Yanomamo because the most relevant laws and rules are more directly related to 
reproductive striving: calling a niece “wife” is more directly related to the repro- 
ductive success of a young Yanomamo male than is a burglary or a car theft to the 
reproductive success of a young man in our kind of society. In the Yanornamo case, 
the first step must be taken by a relatively senior agnate of the young man, like his 
father, and thus rule breaking is more likely to occur in homes where the father is 
resident, has seniority and the experience to know how to break rules and deal with 
the consequences, and thereby is able to assist in the reproductive success of his 
son(s) through rule breaking. In effect, the sons simply “endorse” the rule break- 
ing initiated by their fathers and older agnates. 
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There is the more general question of why parents want their children to know 
and understand the rules as intimately and accurately as possible. If, as Alexander 
argues, rules generally function to thwart the reproductive strivings of males and 
foster in-group unity, then knowing the rules accurately makes it easier to break 
them effectively, Thus, Yanomamo fathers not only break the rules on behalf of 
their sons’ reproductive success, they also encourage them to learn genealogies 
and the rules of classification as accurately as possible so they can do it for their 
sons. Knowing the rules makes it easier to demand that others follow them by 
quickly detecting and protesting the kin misclassifications of others that threaten 
your own reproductive interests and those of your sons. 

These data raise a broader and more intriguing question about sexual selection 
theory and the extent to which marriage/reproduction in the environment of evo- 
lutionary adaptedness (EEA) and in contemporary tribal societies with prescrip- 
tive rules of marriage are the result of female choice and female preferences for 
older men with higher than average amounts of “material” resources . . . or 
whether differential male reproductive success is measurably affected by male 
preferences for females with a symmetrical face, clean complexion, or a sexually 
appealing waist-to-hip ratio. My data show that the vast majority of Yanomamo 
babies result from arranged unions in which men produce offspring with women 
they cIassify as suaboya, and much of the male-male competition has to do with 
getting as many femaJes into this category as possible, regardless of facial sym- 
metry, complexion, or waist-to-hip ratios of the little girls they are legitimately 
able to marry or those they sometimes reclassify to achieve this end. 

This brings us back to some of the possibly yet unexpIored implications of 
Livi-Strauss’s extremely important distinction between elementary systems and 
complex systems. He emphasized that in systems of prescriptive marriage (ele- 
mentary systems) individuals had no choice in at least the category of potential 
mates they would marry, but perhaps might have had some choice within that pre- 
scribed category (see also Needham 1962; Fox 1979). In nonprescriptive systems 
of marriage like our awn, individuals can exercise a broader range of choice of 
marriage partners and are not constrained by prescriptive rules. It is theoretically 
possible that human mate choice emerged and evolved in only those kinds of sys- 
tems, which currently far outnumber and embrace many times more people than 
prescriptive systems do. All biologists, anthropologists, and sociobiologists come 
from these systems, and it is natural that they think in terms of the characteristics 
of these kinds of systems and theorize about the EEA on the assumption that they 
were characteristic of marriage patterns there as well. This is both a theoretical and 
an empirical question-are empirical data from contemporary tribesmen with sys- 
tems of prescriptive marriage systems a useful guide for thinking about the condi- 
tions in the EEA? 

Whether the EEA included both kinds of maniagelmating systems is therefore 
an interesting and new problem because the answer to this question is likely to 
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shed light on the sexual selection questions of male and female mate preferences 
and mate choice. The simplicity and efficiency of the kind of marriage system the 
Yanomarnij have-prescriptive bilateral cross-cousin marriage, brother-sister 
exchange, and patrilineal bias in descent group organization-is widespread in the 
primitive world. There are compelling reasons to argue that it might have been the 
original-or at least an extremely common-marriage system in the EEA (see 
Fox 1967 and Service 1962 for similar arguments). All that it would take to get it 
started would be for two groups to expel one of the sexes when the individuals 
reached reproductive maturity, take in the expelled individuals from the other 
group as mates, and for individuals to mate with (marry) individuals of approxi- 
mately the same age. Chimpanzees and lions do this in the wild. To have what is 
effectively a prescriptive system of bilateral cross-cousin marriage (like the 
Yanornamo system and similar systems in aboriginal Australia and elsewhere), all 
that they need are kin classifications that identify males and females by own 
group/other group and own generatiodother generation, and a simple rule that 
says males can only mate with other-group/own-generation females. If they could 
but give words, incoming female chimpanzees would be classified as “suabiiya” 
by local group males, whose own sisters would be expelled from their group and 
eventually mate with the brothers of those females who come into theirs. In a few 
generations all matings in both groups would be between bilateral cross cousins. 
The next and final step would be for the two groups to unite into a single comrnu- 
nity and continue doing the same thing, but within the now dually organized 
group. In small groups, male freedom to mate with females who were not “other 
group/own generation” would probably be very destructive to within-group unity, 
and that is probably why prescriptive rules to thwart this came into existence. 
Enforcing these kinds of rules would probably become increasingly difficult with 
increased group size, and perhaps that is why “complex” social systems with 
greater mate choice came into existence. My suspicion is that it happened after the 
emergence of elementary systems . . . and possibly could not have emerged in 
human history before them. If I am correct, then much of what we argue about in 
terms of human mate preferences appeared in our history either very late in the 
Paleolithic, or after it.7 

SUMMARY 

1. In societies where maniage possibilities are specified by kinship cate- 
gories and classifications, rules of kin classification are essentially societal laws 
about male proprietary rights to marriageable females, and kin classification and 
misclassification can be used by males as tools in the arena of mate competition. 

Yanomamij men have been shown to rnisclassify female relatives by put- 
ting them into the only marriageable category, that of a female cross-cousin or 
suaboya (Chagnon 1988). 

2. 
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3. Because males have a harder time finding mates than do females, it is 
hypothesized that males will learn their kinship system and their genealogies more 
thoroughly and accurately than females in order to be better able to manipuIate 
them. 

4. Although young males are no more accurate in classifying their kin than 
are young females, adult males are significantly more accurate than adult females 
in this regard. 

Adult male informants are more accurate in classifying their matlnlateral 
than their patrilateral kin, suggesting that adult male manipulations of kinship 
classification are biased toward the patrilateral side. This may be due to the corn- 
petition among patrilineally related men for the same pool of potential mates. 

All informants are more accurate in classifying close than distant consan- 
guinea1 kin. This suggests that Yanomamo informants are more wiIling to tamper 
with their kinship classification system with regards to distant kin than with 
regards to close kin. 

These data raise questions about the importance to mate selection of vari- 
ous measures of physical attractiveness, such as waist-to-hip ratios and facial 
asymmetries, in societies with prescriptive marriage rules. 

5. 

6. 

7 .  
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NOTES 

1. It would be useful to compare the extent and nature of purported outrage about incest 
violations in societies that have prescriptive rules of marriage and those that do not. It is 
possible that in societies with prescriptive marriage rules “outrage” about incest is better 
interpreted as anger because someone cheated in mate competition. 

2. An additional 5,000 to 6,000 responses were collected in the same villages in 1987 
but are not included in the present analysis. 

3. See Irons 1979 for a discussion of the concepts social allies and social competitors. 
4. Lifetime changes in classification accuracy by age and sex of informant is an inter- 

esting question but beyond the objectives of this paper. How a Yanomamo classifies his or 
her relatives changes over their lifetimes for the reasons discussed in this paper and in 
Chagnon 1988 and elsewhere. 

5. F = Father, M = Mother, S = Son. 
6 .  See Chagnon 1974, 1975 for a discussion and definition of Fg and similar statistics. 
7. The data in this paper were extracted from my field notes and computer files in 1989 

to explore some of the issues raised by my preliminary paper (Chagnon 1988). I would like 
to thank Dante De Lucia for extracting these data from my files and running the analyses 
through KINDEMCOM, a computer program I had developed with many computer experts 



130 Napoleon A. Chagnon 

between 1970 and 1984. Some of the computer results provided to me by De Lucia were 
used in a class I taught in 1989 and I had hoped that additional analytical input from the 
graduate students in that class would have warranted their inclusion as coauthors in some 
kind of publication, but that did not happen. 
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Physical Attractiveness, Race, and Somatic 
Prejudice in Bahia, Brazil 

DOUG JONES 

INTRODUCTION: SOMATIC PREJUDICE 

“Somatic prejudice” may be defined as a form of prejudice in which members 
of one racial or ethnic group are evaluated more or less favorably than members 
of another on the basis of their physical appearance. The study of somatic preju- 
dice lies at the intersection of two normally separate areas of inquiry: the psy- 
chology of physical attractiveness and the sociology and history of racial and 
ethnic relations. 

There are at least two reasons why somatic prejudice is theoretically important. 
First, the study of physical attractiveness has lately developed as m e  of the most 
active areas of inquiry in the new discipline of “evolutionary psychology.” Evolu- 
tionary psychology is based on two propositions. ( I )  Human beings are biologi- 
cally specialized for certain lunds of information processing, so that some learning 
tasks come much more easily and automatically than others. (2) The modem the- 
ory of evolution by natural selection may be particularly useful in figuring out 
what form such specialized “programmed learning” is likely to take. Because the 
theory of sexual selection is an especially successful area of modern evolutionary 
theory, many evolutionary psychologists have been interested in applying it to 
understanding standards of physical attractiveness among humans (reviewed in 
Jones 1996b). Much of the work of evolutionary psychologists regarding stan- 
dards of attractiveness has ignored the larger social context-and especially the 
ethnic context-in which judgments of attractiveness operate. However, the study 
of the ethnic and racial dimension of attractiveness should ultimately allow a revi- 
sion and expansion of our theories of the psychology of attractiveness. 

There is a second reason why the study of somatic prejudice is important: it 
offers the chance to revise not onIy our understanding of attractiveness, but also 
our understanding of racial and ethnic prejudice. Studies of relations between 
groups frequently note positive or negative responses to the physical appearance 
of members of different groups (Hoetink 1967; Isaacs 1975:46-70). However, the 
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theories of human nature commonly employed by historians and social scientists 
make it difficult to get a handle on such somatic prejudice. On the one hand, util- 
itarian theories of human nature, in which individuals are chiefly concerned with 
their own material well-being and social position, make it difficult to understand 
why such importance seems to attach to details of physical appearance. On the 
other hand, cultural constructionist theories of human nature make it difficult to 
explain-or even recognize-cross-cultural comonalities in the psychology of 
attractiveness. The new picture of the psychology of attractiveness coming out of 
evolutionary psychology may thus make it easier for researchers in ethnic and race 
relations to give somatic prejudice the attention it deserves. 

Finally, it is worth noting that apart from its intellectual interest, somatic prej- 
udice has important practical consequences for the lives of individuals; members 
of groups subject to negative somatic prejudice are generally keenly aware of this 
prejudice and its social effects. Greater understanding of the roots of somatic prej- 
udice may make it possible to combat such prejudice and to alleviate some of its 
consequences. 

This paper is concerned with the phenomenon of somatic prejudice, and with 
the mutual relevance of evolutionary-psychology theories of attractiveness and 
studies of race and ethnic relations. In the next section I summarize some current 
theory and evidence regarding the evolutionary psychology of attractiveness, with 
special emphasis on principles of attractiveness likely to be most relevant to 
understanding somatic prejudice in modern multiracial societies. In the following 
section, I focus on the racially stratified society of Bahia, Brazil, summarizing 
some of the relevant social history, and presenting results of research I have con- 
ducted on racial classification, physical attractiveness, and somatic prejudice in 
Bahia. In the last section I discuss implications for evolutionary psychology and 
for studies of race and ethnic relations. 

VARIANTS AND INVARIANTS IN 
PHYSICAL ATTRACTIVENESS 

Richard Dawkins (1989) coined the phrase “the selfish gene” to distil1 modern 
evolutionary biology’s view that adaptations are designed to propagate the genes 
that produce them. The survival and well-being of individuals is evolutionariIy rel- 
evant only insofar as it has historically contributed to their reproduction, or to the 
reproduction of kin who share their genes. This gene-centered view of life has 
been particularly productive in the study of mate choice. The modem theory of 
mate choice begins with the proposition that because organisms’ mate preferences 
are likely to have been shaped by natural selection, organisms are likely to have 
adaptations for assessing the “mate value” of potential mates. The mate value of 
animal A for animal €3 can be defined as the expected fitness that B would have 
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from mating with A, divided by B’s expected fitness from mating at random or 
from mating with an individual of maximum mate value. (In fact, there might be 
several different mate values of A for B, depending for example on whether a long- 
or a short-term mating relationship is considered.) Mate preferences, in other 
words, can be regarded as the product of adaptations for reproduction (Andersson 
1994; Jones 1996a). 

A number of investigators have suggested that this approach might apply to 
humans as well as to other animals, and might apply especially to the phenome- 
non of physical attractiveness in our species, Social psychological research (Hat- 
field and Sprecher 1986) demonstrates that physical attractiveness is at least 
moderately important in social relationships, including dating and marriage, in the 
United States, while cross-cultural surveys (Buss 1989) and ethnographic and his- 
torical evidence (Ford and Beach 1951) show that concern for attractiveness is not 
limited to modern industrialized and media-saturated societies. From one point of 
view these findings are merely a confirmation of folk wisdom, but from another 
they are paradoxical, since it is difficult to see what advantage individuals gain 
from choosing an attractive sexual or social partner over an unattractive one, or 
why individuals should have the standards of attractiveness that they do. A “self- 
ish gene” perspective may help to resolve this paradox: the advantage to choosing 
an attractive mate may be a reproductive advantage, and variations in physical 
attractiveness may track variations in mate value. More precisely, whether or not 
perceived attractiveness is correlated with mate value in modern-and evolution- 
arily “unnatural”-environments, the development of standards of attractiveness 
in our species is likely to be governed by adaptations which historically functioned 
to track variations in mate value. 

What people find physically attractive today may thus depend on what physi- 
cal characteristics in the past predicted fecundity, health, ability and willingness 
to provision offspring, and other components of mate value. However, the past 
environments and selective pressures that shaped the psychology of mate choice 
cannot have been absolutely unifonn, and evolutionary psychologists must 
explain how ancestral humans solved the problem of homing in on correlates of 
mate value across a range of environments. One approach to this problem is to 
look at physical cues like bilateral symmetry (Grammer and Thornhill 19941, 
facial neoteny (Jones 1995), and low waist-to-hip ratios (Singh 1993) that have 
probably been relatively invariant indicators of health, female fecundity, or other 
components of mate value, and might operate as relatively universal and “hard- 
wired” criteria of attractiveness. However, many physical characteristics are likely 
to have been positively correlated with mate value only in some environments, and 
uncorrelated or negatively correlated in others. Natural selection may favot indi- 
viduals who can modify their emotional and aesthetic responses to such charac- 
teristics in response to environmental cues. The evidence suggests that there is 
significant variation across time and space in criteria of physical attractiveness in 
human societies. For example, Singh’s (1993) research on the waist-to-hip ratio 
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(WHR) demonstrates that winners of the Miss America beauty pageant since the 
1920s and Playboy centerfolds since the 1950s have had consistently low WHRs. 
But this same research shows that both sets of women have grown thinner Over the 
course of time, both in absolute terms and relative to the average U.S. female. An 
evolutionary psychologist might expect variation in aesthetic responses to fatness 
versus leanness, because the selective benefits of having a fat or a lean mate are 
likely to have varied over the course of evolution with variation in workload and 
reliability of food supply. But such variation clearly raises a host of questions 
about how individuals use environmental cues in developing standards of 
attractiveness. 

Biologists studying mate choice in nonhuman animals have devoted increasing 
attention to the influence of environmental and social cues. Some particularly 
interesting work integrating sexual selection and ecological variation comes from 
studies of guppies. Male guppies normally develop orange patches on their sides, 
and these patches seem to be a product of sexual selection; female guppies corn- 
rnonly prefer males with brighter patches. Why females show this preference is 
not certain; based on analogies with other species the patches may be honest 
advertisements of male nutritional status and resistance to infection (Endler and 
Lyles 1989). Although bright patches may benefit males in sexual competition, 
they also carry serious costs in some environments: experiments demonstrate that 
brighter males can suffer higher rates of predation, with the added risk varying 
enormously across habitats depending on which predator species are present in a 
given stream (Endler 1980). The result is that bright patches are far from an invari- 
ant marker of mate value across guppy populations, because when a female 
chooses a bright mate in a stream well-stocked with predators, the brightly colored 
sons that result are especially likely to be eaten before they reach adulthood. 
Females adapt to this situation in several ways. There are sometimes genetic dif- 
ferences between populations in the intensity of female preferences for bright 
males (Dugatkin and Godin 1995). However, females are also capable of modify- 
ing their preferences based on observations of other females. Dugatkin (1996) 
shows that a female who sees another female apparently choosing the duller of two 
males will shift her own preference away from bright males-but only if the dif- 
ferences in brightness are not too great. 

The guppy case demonstrates that standards of attractiveness are likely to 
involve some relatively invariant, species-typical preferences, but those standards 
may also be adaptively modified to some degree by experience and imitation. A 
comparable mixture of the invariant and the environmentally contingent is likely 
to operate among humans. This paper will consider both invariant and variable cri- 
teria of physical attractiveness, concentrating especially on threee-color, avera- 
geness, and status indicators-likely to contribute to somatic prejudice in modem 
multiracial societies. The remainder of this section wilt review cross-cultural evi- 
dence and theoretical arguments regarding these three, and the next section will 
consider their role in somatic prejudice in Bahia. 
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Color 

A preference for lighter than average skin, at least among males evaluating 
females, is reported with very high frequency in the ethnographic literature (van 
den Berghe and Frost 1986). Investigators working in modern, racially stratified 
societies often assume that preferences for lighter skin result from the political and 
social dominance of light-skinned over dark-skinned peoples (Lancaster 199 1). 
However, cross-cultural evidence makes it clear that racial hierarchies, while they 
may exaggerate skin color preferences, do not create them. Some of the evidence 
comes from historical records of societies in which darker-skinned people domi- 
nated lighter-skinned subjects. In both the ancient Roman and the Islamic worlds 
the presence of large numbers of light-skinned northern slaves went hand in hand 
with an idealization of whiteness or lightness as a criterion of female beauty. More 
evidence comes from relatively unstratified societies that show a consistent pattern 
of preference for lighter than average skin color in females. This preference occurs 
across populations with a wide range of skin colors, and it is found even in soci- 
eties whose standards of attractiveness with regard to fatness and facial propor- 
tions are sharply at variance with contemporary Western standards. It is reported 
by male and female and Western and non-Western ethnographers, and it is mani- 
fest both in informants’ statements and in cosmetic practices. Evidence regarding 
female preferences fur male skin color is much more mixed. 

Why should there be a widespread preference for Iighter than average slun 
color, and why should this preference be more marked in males’ evaluations of 
females than vice versa? Skin color, like the waist-to-hip ratio, seems to be a rel- 
atively invariant marker of female mate value. Estrogen production suppresses 
melanin production, so that females typically lighten with the onset of puberty, 
gradually darkening in step with declining ovarian function from young adulthood 
to old age. In light-haired populations hair color too may track changes in female 
fecundity. Thus an attraction to light-skinned mates may be a genetic adaptation 
in human males. This attraction, however, is also affected by experience and social 
cues. Men adapt their preferences to local conditions, so that while men in dark- 
skinned populations commonly report an attraction to lighter than average 
females, they also commonly report an aversion to Europeans whose skin color 
puts them far outside the local normal range of variation. And in some modern 
societies, social responses to sun-tanning may also modify skin color preferences. 

Average Features 

When researchers use computer graphic software to produce “composite” 
facial images by blending a number of individual facial photographs, the resulting 
composites are judged more attractive than most of the photographs going into 
them (Langlois and Roggman 1990). Attractiveness, in other words, is partly a 
matter of having features close to the average. This finding suggests that people 
mentally combine the faces they see around them to arrive at an image of the aver- 
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age face, and base their standards of attractiveness partly on this image (Symons 
1979). Koeslag and Koeslag (1994) argue that “koinophi1ia”-a preference for 
modal or average features-is widespread among animals, and is adaptive because 
individuals distant from the local average often carry a higher genetic load or have 
suffered from stress during development. Koinophilia will sometimes be ovemd- 
den by innate or acquired preferences for extreme values of particular traits, but 
the “default” preference in the absence of such influences seems to be for the aver- 
age. To the extent that standards of attractiveness are koinophilic, culturally iso- 
lated populations are expected to have an ethnocentric standard of beauty, judging 
the attractiveness of outsiders by their “somatic distance” from the local norm. 

Status Markers 

While people may come equipped with a relatively “hardwired” attraction to 
relatively invariant markers of high mate value in the opposite sex, standards of 
attractiveness also seem to be responsive to social cues, Some of the best evidence 
for this proposition comes from changes in standards of attractiveness in the wake 
of Western political, economic, and cultural expansion. A great deal of evidence 
shows that non-Europeans commonly found European physical features unattrac- 
tive on first contact, as expected under the koinophilia hypothesis (reviewed in 
Jones 1996a: 122-125). In much of the non-Western world, however, ethnocentric 
standards of attractiveness have partly given way to Eurocentric standards. 

One of the best descriptions of this process comes from Wagatsuma’s (1968) 
essay on standards of attractiveness in Japan. In 1860, just after Japan was opened 
to the outside world, a group of samurai visited Washington, D.C. Their reactions 
to American women, recorded in their diaries, reflect both an attraction to light 
skin and an ethnocentric response to facial proportions and hair coIor: “The 
women’s skin was white, and they were charming in their gala dresses decorated 
with gold and silver but their hair was red and their eyes looked like dog eyes, 
which was quite disheartening,” and “Occasionally I saw women with black hair 
and black eyes. They must have been of some Asian race, Naturally they looked 
more attractive and beautiful” (1968: 136). By the early twentieth century, Japan- 
ese standards of attractiveness had begun to change. “The subtle, not fully con- 
scious, trend toward an idealization of Western physical features by the Japanese 
apparently became of increasing importance by the twenties” (1968: 139). The 
political climate of the 1930s and early 1940s discouraged open expression of 
such attitudes, but by 1954 the Westernization of standards of attractiveness had 
gone far enough for novelist Shusaku Endo to have a character observe 

I do not know why and how only the white people’s skin became the standard of 
beauty. I do not know why and how the standard of beauty in sculpture and paintings 
all stemmed from the white body of the Greeks, and has been so maintained u ~ t i l  
today. But what I am sure of is that in regard to the body, those like myself and 
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Negroes can never forget miserable inferiority feelings in front of people possessing 
white skin, however vexing it might be to admit it. [Cited in Wagatsuma 1968:140] 

Wagatsuma notes that Westernization in Japanese standards of attractiveness is 
expressed today in artificial waving and curling of hair, hair lightening, the use of 
surgery to reduce epicanthic folds, and in an idealization of Western looks in pop- 
ular media. 

Further evidence for Westernization in standards of attractiveness around the 
world is summarized in Jones (1996a: 130-132). For the United States, where non- 
whites are not only commonly of lower social status but also numerically in the 
minority, white influence on nonwhite standards of attractiveness is especially evi- 
dent. Russell et al. (1992) summarize a large body of historical and current evi- 
dence for somatic prejudice both against African Americans as a group and among 
African Americans of varying appearance in The Colur Complex: The Politics of 
Skin Color among African Americans. 

The widespread Westernization of standards of attractiveness, even in countries 
where Westerners are not present in large numbers, is evidence of the importance 
of social cues in formulating standards of attractiveness; more specifically, it is 
evidence that people may develop an attraction to physical features associated 
with high status. This phenomenon deserves some discussion from an evolution- 
ary perspective. A number of authors have noted that high social status may be 
associated with high mate value, because over the course of human evolution high 
status individuals have probably commanded more of the resources needed to pro- 
vision offspring. And cross-cultural evidence shows that social status is usually an 
important component of sexual attractiveness, especially in women’s evaluations 
of men (Buss 1989; Ellis 1992). However it is less clear why physical traits asso- 
ciated with high status, as opposed to high status itself, should be attractive. One 
possibility is that status may be an indicator of the direction of selection. Suppose 
that directional selection on physical traits has commonly been at least moderately 
strong, but varying in direction. For example, suppose that food supplies have 
commonly varied enough that the optimal body size and level of fatness have dif- 
fered from one population and time period to another. In this case correlations 
between social status and body size and fatness might provide evidence regarding 
the current direction of selection. Using high status individuals as models when 
choosing a mate may be a mechanism for adapting to local variations in selection 
pressures. 

The evidence suggests that color, averageness, and status markers are all com- 
ponents of attractiveness, and there are plausible-albeit unproven+volutionary 
arguments why each of these might have been an indicator of mate value in the 
evolutionary past. It is more doubtful that they are good indicators of mate value 
in modem multiracial societies, but emotional responses that were adaptive in the 
past may persist and produce somatic prejudice in the present. 
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RACIAL CLASSIFICATION AND SOMATIC 
PREJUDICE IN BAHIA 

Doug .Tones 

In this section I report results of research on race and standards of attractive- 
ness in Bahia, Brazil. In 1989 I travelled to Salvador, the capitd uf Bahia, for a 
pilot study of physical attractiveness. From 1990 to 1991, I conducted more field- 
work at the Federal University of Bahia in Salvador and in a lower-class commu- 
nity on the city’s northern outskirts. Finally in 1992 I began a long-term study of 
criteria and consequences of physical attractiveness in the Bahian coastal village 
of Arembepe. This research is part of a larger, ongoing investigation of standards 
of attractiveness across cultures that has also involved work in the United States, 
Paraguay (among Ache Indians), and Russia. More details on research protocols 
and results can be found in Jones and Hill (1993) and Jones (1995,1996a). Kottak 
(1 992) provides both ethnographic and quantitative descriptions of Arernbepe. 
Below I provide some background on race in Brazil and then present research 
results. 

Race in Brazil. 

From the sixteenth to the nineteenth centuries, approximately four million 
Africans, more than one-third of the Atlantic slave trade, were transported to 
Brazil (Thornas 1997:804). The descendants of these slaves today make up the 
largest population of African descent in the New World. In the Brazilian Northeast 
people claiming some African descent are a majority of the population-80% in 
the state of Bahia (Scheper-Hughes 1992:544). 

Everywhere in the Americas slavery entailed the establishment of racially strat- 
ified societies in which free as well as enslaved blacks experienced political exclu- 
sion, economic discrimination, and social stigma, and everywhere in the Americas 
blacks continue on average to occupy a lower economic and social position than 
whites. But within rhis common framework of slavery and racial hierarchy there 
were and are significant variations between countries, deriving in part from dif- 
ferences between their European founders. The differences in race relations 
between Anglo- America and Latin America, and more specifically between the 
United States and Brazil, have long been noted by both travellers and scholars 
(Degler 197 1 ; Harris 1964). Degler (1 97 1 :224) argues that the crucial difference 
between the two countries lies not so much in the position of slaves and persons 
of African descent as in the position of persons of mixed race. 

The key that unlocks the puzzle of the differences in race relations in Brazil and the 
United States is the mulatto escape hatch. Complex and varied as the race relations 
in the two countries have been and are today, the presence of a separate position for 
the mulatto in Brazil and its absence in the United States nevertheless define remark- 
ably well the heart of the difference. 
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The United States for most of its history has followed the “one drop rule” or 
something close to it in defining blacks: individuals with even very small propor- 
tions of known African ancestry were and are counted as black (Davis 1991). By 
contrast, Brazilians of mixed ancestry commonly are not regarded either by them- 
selves or by other people as black, but rather as white or as racially intermediate. 
They may escape much of the stigma that attaches to blacks. While race-at least 
the blacklwhite distinction-is treated as a categorical variable in the United 
States, it is treated as more of a continuous variable in Brazil. And while the U S .  
American system of racial classification mostly emphasizes descent-the child of 
a black parent is black-the Brazilian system puts more emphasis on appear- 
ance-even children of the same parents may belong to different racial categories 
if their appearances differ sufficiently. 

While lower class and minority political mobilization since the 1960s has 
brought great changes to both the United States and Brazil (Fontaine 1985), racial 
boundaries still operate differently in the two countries. Friendship, romance, and 
marriage across “racial” lines (at least as U.S. Americans define race) are more 
common in Brazil than in the United States. The fuzziness of BraziIian racial cat- 
egories also affects political life. In the past it precluded solidarity among whites; 
now it blocks the consolidation of a U.S.-style black nationalist movement, black 
voting bloc, or affirmative action agenda. Some Brazilian political activists, 
inspired in part by the U.S. civil rights movement, have encouraged all Brazilians 
with African ancestry to think of themselves as blacks (negros), but most mixed- 
race Bahians I encountered in the course of my fieldwork put themselves in some 
intermediate racial category, or identified themselves white. 

No very clear line divides whites from blacks in Brazil, but the country is quite 
racially stratified. Brazilians sometimes call their country Bel-India-half Bel- 
gium and half India. Southern Brazil is overwhelmingly white and relatively pros- 
perous; nonwhites (excluding Asians) are concentrated in the poor Northeast. 
WhiIe 44% of the population identified themselves as pardu (black or mixed race) 
in the 1990 census, “[dlark-skinned persons have rarely if ever reached the high- 
est levels of industry, business, the professions, or the government. . . . Blacks 
have achieved success only in athletics and entertainment” (Levine 1997: 16). 

[In 19901 of Brazilians earning more than five hundred dollars a month, fewer than 
10 percent [were] nonwhites. . . . Black Brazilians account for two-thirds of families 
surviving on fifty dollars a month or less. Even in the capital city of Salvador, Bahia, 
where 80% of the two million residents are black, the city has never had a black 
mayor. . . - And Bahian “society” is still controlled by a tiny Euro-Brazilian white 
elite (Scheper-Hughes 1992:543-544). 

Major cities like Siio Paulo, Rio de Janeiro, and Salvador are strongly segregated 
by race, with nonwhites being greatly over-represented in the favelas (slum and 
shanty neighborhoods) and whites over-represented in upper-class neighbor- 
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hoods. Studies that consider subdivisions among nonwhites generally find that 
mulattoes have a higher social status than blacks, but are closer to blacks than 
whites (Fontaine 1985). 

Racial Classification 

Because Brazilians use a large number of labels to classify racial types, my first 
step in investigating somatic prejudice in Bahia was a study of Brazilian racial 
classification. For this study I used a series of facial photographs of Salvadoran 
females collected in 1989. To collect photographs, I positioned myself in several 
public places and, at set time intervals, approached the nearest female who seemed 
to be in her late teens or early twenties and was not visibly working or in a hurry. 
I asked each woman if I could take her photograph; after taking photographs I 
asked each subject her age. Owing to variable lighting conditions and problems 
with developing film, 11 of the photographs were of too poor a quality to be used, 
leaving 30 for the present study. The women who declined to have their photo- 
graphs taken may have been of lower than average attractiveness: several gave this 
as a reason for declining. Given the neighborhoods I worked in, there may have 
been some bias toward upper-and middle-class subjects, but it is probably fair to 
say that the photographs span the whole range of physical types common in Bahia. 

During 1992 fieldwork in Arembepe, I asked 40 males and 40 females to iden- 
tify the “race” fquatidade) of each of the 30 people in the Photographs. Subjects 
gave a total of 50 racial categories, although just 11 of these accounted for 94% of 
all categorizations. The categories include labels like Zoira (blond) that are not 
based on membership in a descent group, which seems to confirm that Bahian 
racial categories overlap with, and are partly defined by, categories based on 
appearance. All 50 categories are tabulated in Jones 1996a: 138-139. 

I have used monotonic Kruskal Multi-Dimensional Scaling (MDS) to investi- 
gate how different categories are related to one another. MDS uses data about sim- 
ilarities and dissimilarities between items to construct it multidimensional space in 
which similar items are placed closer together. To illustrate with a simple exam- 
ple, if people are asked to classify pairs of colors as similar or dissimilar, they will 
classify red and orange as similar, red and green as dissimilar, and so on. Apply- 
ing MDS to ratings of similarity between pairs of colors in the spectrum wiIl yield 
a two-dimensional space in which points corresponding to different colors are 
arranged around a circle, with purple between red and blue, and so on. That the 
colors fall in a circle rather than, say, an arc or a few separate clumps tells us some- 
thing about human color perception. 

Applying MDS requires first constructing a similarity matrix in which element 
{ i, j }  is some measure of the similarity between item i and itemj. For the present 
analysis, the “items” are the different racial categories, and the measure of simi- 
larity between racial categories i andj is the Spearman correlation coefficient over 
all photographs of the number of times the photograph was assigned to category i 
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and the number it was assigned toj. For example, branca (white) and clara (light) 
were strongly positively correlated (r = .91), because the same photographs most 
often labeled branca were also most often labeled cZara. Branca and escura 
(dark), on the other hand, were strongly negatively correlated ( r  = -74). 

Figure 7.1 presents the results of MDS applied to the similarity matrix of racial 
categories described above, with each circle corresponding to one category. The 
most commonly used categories are labeled. Dimension I. (horizontal) is largely a 
color axis: terms at the left end of the scale (negra, escura, morena) label people 
as dark or black, while terms at the right (branca, clara) label people as light or 
white. Dimension 2 (vertical) is an axis of African versus non-African features, 
independent of color: morena, at the low end of dimension 2, implies dark color 
but not necessarily African features, while sarard, at the high end, refers specifi- 
cally to African physiognomy and hair form combined with light skin and hair. 
Thus the initial results of MDS suggest that Bahian racial classification, beneath a 
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Figure 7, I .  Brazilian racial categories and Multi-Dimensional Scaling. Each circle repre- 
sents one category. The closer points are to one another, the more often the correspon- 
ding categories were applied to the same photographs. From left to right, categories refer 
to dark or light color. From bottom to top, categories refer to non-African or African fea- 
tures. The most frequently used categories are labelled. 
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bewildering profusion of labels, is largely concerned with labeling individuals first 
by color and then by African versus non-African features independent of color. 

In principle, Brazilian racial terminology could be used to specify objectively 
and fairly exactly both color and other racial features of individuals. In practice, 
however, Brazilians' use of this terminology is affected by local ideology and eti- 
quette. This can be demonstrated with another set of results. Each of 30 females 
in the photographic sample can be assigned a position on dimensions 1 and 2 by 
averaging her scores on each dimension over all 80 categorizations given her. Fig- 
ure 7.2 shows the results, with each female represented by a circle. 

Several things stand out in this figure, First, all but three of the points in Figure 
7.2 fall on the lower half of the scale. While Brazilian racial terminology contains 
many terms with high positive scores on dimension 2 (referring to African fea- 
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Figure 7.2. RaciaI cIassification of photographs of Brazilians. Each circle represents one 
photograph. Each photograph was assigned a position on Dimensions 1 and 2 by aver- 
aging over racial categories given to it. The diagonal line shows the Combined Index 
given by Equation 1; scores on this index are correlated with ratings of attractiveness. 
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tures, independent of color), and while many photographic subjects did have pro- 
nounced African features, raters tended to stay away from labels clearly indicat- 
ing these features (including negra = Negrohlack, 2% of classifications; preta = 
black, 2%; and sararhy 2%). Instead, the most commonly used terms were rnorena 
(brown, 39%) and variants thereof (rnorena ctara = light brown, I 1 %, and morenu 
escura = dark brown, 4%), while various terms designating white or light color 
(branca = white, 21%, and claru = light, 6%) were also common. Morena is a 
very general word which can be applied to dark-skinned whites, and it seems to 
operate as a euphemism in a context where African features are not highly 
esteemed. 

Second, and quite oddly, scores on dimension 1 are strongly and significantly 
correlated with scores on dimension 2 ( r  = .57, p < .Ol). Taken at face value, the 
direction of the correlation would imply that light-skinned people are more likely 
than dark-skinned people to have an African physiognomy and hair form. Obvi- 
ously this is not really the case in Bahia, nor does it seem to be the case among the 
women in the photographic sample. Rather, raters seem to be employing terrni- 
nology in such a way as to downplay racial distinctions. Two women in the sarn- 
ple presented such a strong combination of dark skin and African features that they 
were often labeled preta or negra (the two points above and just below the x-axis 
on the left of Figure 7.2). But for the most part classification was dominated by 
two trends: branca and clam were often applied not just to whites but to light- 
skinned blacks, and whites were likely to be labeled morena. (Every female in the 
sample, including several with no discernable African ancestry and not especially 
dark skin, was classified as some kind of morena by more than 10% of raters.) 
Instead of emphasizing the distinctions between black people and white people, 
this use of terminology emphasizes the different ways people combine black and 
white characteristics. 

The low average scores on dimension 2 and the positive correlation between 
scores on dimensions 1 and 2 reflect two frequently noted aspects of Brazilian- 
and especially Bahian-race relations. Negative stereotypes and social prejudice 
against blacks are widespread, and there is a corresponding resistance to labeling 
oneself or others as simply “black” (pe tay  negra, etc.). But there is a tolerant or 
even somewhat positive attitude to miscegenation, an attitude reflected, for exam- 
ple, in the ideology of rnestipgern (racial mixture), which encourages Brazilians 
to think more about their common identity as rnestips than their separate identi- 
ties as blacks, whites, Indians, or Asians. 

Race and Attractiveness 

To extend this investigation from racial classification to somatic prejudice, I 
collected ratings of the attractiveness of the 30 photographs from 25 male and 
female subjects in Arembepe. Ages of subjects ranged from 19 to 35. When asked 
about their racial identity, four-fifths chose labels implying dark color or mixed 
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ancestry (moreno, pardo, etc), one-fifth called themselves white (brunco), and 
none called themselves black (negro, pretu). Subjects were mostly working class; 
all described themselves as literate. Pictures were laid out in three-by-three blocks 
and rated on a scale of one to nine according to a procedure described in Jones 
(1996a); each rater rated 27 randomly selected pictures. Attractiveness ratings 
were generated for each photograph by averaging across raters. 

Scores on dimensions 1 and 2 are each moderately correlated with ratings of 
attractiveness (dimension 1 : Y = .29, n.s.; dimension 2: r = .36, p < .05). The direc- 
tions of the correlations suggest somatic prejudice against dark color and African 
features, but given the correlation between dimension 1 and dimension 2, it is 
worth considering the two dimensions together. The best predictor of attractive- 
ness in this sample is a combined index given by: 

Combined Index = dimension I - 2.8 x dimension 2 (1) 

This index, which is highest for individuals combining light color and nonAfrican 
features, is strongly and significantly correlated with ratings of physical attrac- 
tiveness ( r  = .68, p < .01). According to equation 1, color (dimension 1) is only 
1/2.8 times as important as other racial features (dimension 2). But since standard 
deviations of scores on dimension 1 are 2.6 times greater than those for dimension 
2, the two dimensions are actually about equally important. 

The diagonal line in Figure 7.2 represents the Combined Index calculated using 
equation 1. The scores of each photograph on this index are given by the positions 
of their projections on this line. Note that the major axis of the cloud of points- 
running somewhat upward from left to right-is almost at right angles to the line 
of the Combined Index-running sharply downward from left to right. This means 
that even though subjects assigning racial labels tended to de-emphasize the 
blacWwhite distinction (dark skin and African features on the upper left vs. light 
skin and nowAfrican features on the lower right), the distinction showed up 
clearly when subjects made judgments of attractiveness. Figure 7.3 shows physi- 
cal attractiveness ratings as a function of Combined Index scores. Although the 
two females with negative index scores are outliers, the correlations are virtually 
the same when recomputed using rank orders (Y = .72, p c .01) or with the outliers 
omitted ( r  = .69, p < .Ol). 

The strong correlation between race and attractiveness in this sample seems to 
reflect a prejudice against pronounced black appearance more than it reflects a 
prejudice in favor of pronounced white appearance. Suppose we compare attrac- 
tiveness ratings for three groups: the 10 women with the lowest scores on the 
Combined Index (group I, average attractiveness rating = 3.5), the 10 women with 
intermediate scores (group 11, average = 5.3), and the 10 women with the highest 
scores (group 111, average = 6.3). Women in the first group, with the strongest 
combination of African features and dark skin, have significantly lower attractive- 
ness ratings than women in the other two groups (I vs. ?I, p = ,004; I vs. 111, p = 
.0005, two-tailed unpaired t-tests). But women in the intermediate second group 
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Figure 7.3. Racial classification and ratings of attractiveness. Individuals with high scores 
on the Combined Index-combining light color and nun-African features-generally 
receive higher attractiveness ratings. 

are not rated significantly less attractive than women in the third group, the one 
with the strongest combination of non-African features and light skin (I1 vs. 111, p 
= -16). There is other evidence suggesting that Bahians do not have a particularly 
strong attraction to whites relative to people of mixed race. In another study 
involving photographs of Bahian university students who were mostly whites and 
light-skinned blacks, U.S. American raters gave higher attractiveness ratings to 
students with Caucasian physical features like thin lips and narrow noses, but 
Bahian raters did not (Jones 1996a:142). And in rating photographs of U.S. uni- 
versity students, US. but nut Bahian raters gave significantly higher ratings to 
blond women (both groups gave significantly lower ratings to blond men; Jones 
1996a:98). While Bahians in this study show strong somatic prejudice against 
blacks, they are far from perceiving whites as supernormally attractive. 

DISCUSSION 

The data presented above demonstrate significant somatic prejudice against 
women with dark color and African features. The effect is a strong one: the dif- 
ference in average attractiveness ratings between women in the “blackest” tercile 
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and other women is 1.7 standard deviations. Below I consider the relevance of 
these findings both for evolutionary theories of attractiveness and for studies of 
racial and ethnic relations. I conclude by considering the prospects for change in 
Brazil and elsewhere. 

Evolutionary Psychology and Somatic Prejudice 

At least three general principles of human physical attractiveness-attraction 
to markers of social status, to “average” features, and to fair color (in females)- 
may contribute to the somatic prejudice documented in this paper. 

Social cues, specifically those afforded by correlations between physical 
appearance and social status, are probably the most important source of somatic 
prejudice in the study population. Innate preferences may account to some extent 
€or the attraction to light color, but it is less plausible that they account for nega- 
tive responses to African facial morphology and hair form. Some evidence sug- 
gests that men have an innate attraction to adult females with “neotenous” facial 
proportions-large eyes in relation to the vertical dimensions of the face, gracile 
jaws, small noses, and full lips (Jones 1995). But Africans are not systematically 
more craniofacially neotenous than Europeans (Lahr 1 996:248-263); they are 
more neotenous on some facial characters (nasal projection, lip width), less on 
others (nose width, lower facial prognathism), and simply different on others (face 
width, hair form). And while Bahian women, like other women, do not evidence 
much attraction to neotenous male faces, they do show somatic prejudice against 
blacks in research involving photographs of a racially mixed sample of U.S. Amer- 
icans (Jones 1996a: 123-125). All this, together with cross-cultural evidence for 
changing standards of attractiveness in response to Western influence, makes it 
likely that Bahian somatic prejudice results to a very large degree from an aware- 
ness of the low economic and social position of blacks both locally and in the 
world system. This is an important finding €or evolutionary psychology: while the 
adaptive basis, if any, of status effects on standards of attractiveness is not well- 
understood, these effects can be powerful, and they need to be taken into account 
by any theory of attractiveness. 

A combination of the “averageness” effect and status effects may account for 
the apparent nonlinearity in the relationship between race and ratings of attrac- 
tiveness. If ratings of attractiveness depended only on “averageness,” one might 
expect that individuals at either extreme of the Bahian racial continuum would be 
rated as less attractive than those in the middle. If ratings of attractiveness 
depended only on correlates of status, one might expect that attractiveness would 
vary linearly with race. Instead, both effects seem to be at work, reinforcing one 
another at the black end of the scale but partly canceling each other out at the white 
end so that whites are not rated significantly more attractive than those in the mid- 
dle. However, more research is needed to detennine whether a similar nonlinear 
effect operates in societies without Brazil’s “mulatto escape hatch,” 
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Finally, regarding color, two factors-local correlations between color and sta- 
tus, and a near-universal (and perhaps innate) male attraction to women of lighter- 
than-average color-may each account for some of the negative response to dark 
color observed in the present study. However, it will take more research to disen- 
tangle the relative contributions of these factors. Specifically, if future fieldwork 
in Bahia shows that color, relative to other features, is less important for male 
attractiveness than for female attractiveness, this will support the argument that 
responses to skin colox involve more than just its correlation with social status. 

Standards of Beauty, Racial Prejudice, and the 
Prospects for Change 

A considerable literature in social psychology now demonstrates the impor- 
tance of physical appearance and attractiveness in social and especially sexual 
relationships. This literature, in conjunction with evidence suggesting the impor- 
tance of somatic prejudice, raises the possibility that prejudice and discrimination 
based on race may overlap with prejudice and discrimination based on attractive- 
ness. The social consequences of somatic prejudice is a large topic; here I will 
mention just one direction that research might take. 

One of the characteristic institutions of the African diaspora in the New World 
is the matrifocal family. In Latin America, the Caribbean, and the United States, 
family life among blacks, more than among whites, involves female-headed 
households and unstable relationships between men and women. Some scholars 
(Herskovits and Herskovits 1947) emphasize the African roots of New World 
matrifocality, arguing that the rnatrifocal famiIy has arisen because West African 
traditions of female economic and social independence have survived among New 
World blacks, while West Africa’s unilineal descent groups mostly have not. 0th- 
ers emphasize the legacy of slavery and the attendant disruption of long-term 
monogamous relations between blacks (Frazier 1939). For the West Tndies, Smith 
argues that the racial hierarchy associated with slavery resulted in the establish- 
ment of a “dual marriage system.” “Whereas white women did not (with few 
exceptions) enter non-legal unions, colored women were reputed to prefer concu- 
binage with a white man over marriage with a colored man” { 1996:75). Some fea- 
tures of this dual marriage system have persisted to the present (see also 
Martinez-Alier 1974). Mote immediate causes of rnatrifocality may include eco- 
nomic circumstances making it difficult for poor men to support a family (Wilson 
1996), and low sex ratios facilitating male mate switching (Guttentag and Secord 
1983). While no single factor is likely to account for the matrifocaI family, I sug- 
gest that somatic prejudice may be part of the story. When ethnic groups differ in 
physical appearance, standards of attractiveness may affect ethnic relations, and 
individuals’ and groups’ social position, including their bargaining power in the 
mating and marriage market, may depend not just on their economic and political 
resources but on how closely they attain to the Iocal somatic ideal (Hoetink 1967). 
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The sexual and reproductive options for women at the bottom of a society’s aes- 
thetic hierarchy may not include much possibility of a stable relationship with an 
acceptable man. This is a topic I plan to investigate in future research; I have begun 
collecting photographs and life history data for sibling pairs, aiming in part at 
investigating the social and life history consequences of being the more or less 
attractive of a set of siblings. 

Somatic prejudice, involving as it does a very personal and visceral dimension 
of a major public problem, is obviously a disturbing topic, but not one that should 
be approached in a spirit of fatalism. A number of political and cultural groups in 
Bahia are actively involved in trying to cultivate a more Afrocentric standard of 
beauty among Bahians as part of a larger program of black consciousness raising 
(conscientizqa“o). Such efforts had had little impact on the groups I studied at the 
time of my fieldwork, but nothing in the results or theory presented in this paper 
rules out the possibility that they might have more influence in the future. Doing 
the evolutionary psychology of attractiveness is not only a matter of discovering 
an invariant, species-typical hierarchy of aesthetic values. It may also involve 
understanding standards of attractiveness in any given culture as the joint and 
mutable product of human nature and history. 

SUMMARY 

1. The evolutionary psychology of physical attractiveness may contribute to 
understanding “somatic prejudice,” in which members of one racial or ethnic 
group are evaluated more or less favorably than members of another on the basis 
of their physical appearance. Three well-documented and universal or near- 
universal components of attractiveness-color, “averageness,” and status mark- 
ers-are likely to be especially relevant to understanding somatic prejudice. 

2. Brazil is a racially stratified country in which whites have considerably 
higher status than blacks, but Brazilians generally treat race as a continuous rather 
than a categorical variable. An investigation of the complex racial terminology in 
the state of Bahia in northeastern Brazil shows that (a) Bahian racial classification 
is largely concerned with labeling individuals first by color, and then by African 
versus non-African features independentIy of color, and (b) in accordance with the 
ideology of rnestipgern (mixture), individuals labeling photographs tend to avoid 
labels clearly indicating African features, and to emphasize the way different indi- 
viduals combine white and black features, rather than differences between blacks 
and whites. 

Although Bahians downplay blacwwhite differences in labeling photo- 
graphs, these differences play a major role in assessments of attractiveness: pho- 
tographic subjects with pronounced African color and features are rated 
substantially less attractive than others (1.7 standard deviations), while subjects 
with intermediate features are not rated significantly less attractive than those with 

3. 
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pronounced European features. These findings demonstrate that evolutionary psy- 
chology must consider the role of social cues in the development of standards of 
attractiveness. 

NOTE 

1. Terms referring to Indian or mixed Indian ancestry (indio, caboclo) fell at the low 
end of dimension 2. These terms were used only infrequently, but if my sample had 
included significant numbers of individuals with marked Indian appearance, they might 
have added a third dimension to the MDS results. 
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Parental Investment Strategies among Aka 
Foragers, Ngandu Farmers, and Euro-American 

Urban-Indus trialists 

BARRY S. HEWLETT, MICHAEL E. LAMB, 
BIRGIT LEYENDECKER, and AXEL SCHOLMERICH 

In this chapter, we examine characterizations and explanations of parental invest- 
ment strategies in forager, farmer, and urban-industrial (also called Western, mod- 
ern, and global-scale) cultures. Observational data on 20 Aka forager families and 
2 1 Ngandu farming families in the Central African Republic and 2 1 upper-middle- 
class Euro-American families in Washington, D.C. are utilized to evaluate models 
developed by evolutionary ecologists and psychological anthropologists to explain 
differing parental investment strategies in these communities. These groups are not 
necessarily representative of their respective modes of production and live in quite 
different ecologies, but they afforded an opportunity to evaluate evolutionary mod- 
els of parental investment in these different settings. As far as we know, we are the 
first researchers to use observational methods to compare parental investment 
strategies in populations with three markedly different modes of production. Sys- 
tematic behavioral comparisons have been made between foragers and urban- 
industrialists (e.g., !Kung vs. U.S.: Konner 1976), and between farmers and 
urban-industrialists (e.g., Gusii vs. US.: LeVine et al. 1994; Richman et aI. 1988, 
1992), but no researchers have directly compared foragers, farmers, and urban- 
industrialists (urban-industrialists will be referred to as Euro-Americans in the rest 
of the chapter). 

Table 8.1 summarizes “adaptationist” models of parental investment proposed 
by Draper and Harpending (1982), LeVine (1994), and Blurton Jones (1993). By 
developing a model focused on the effects of family context on individual repro- 
ductive strategies, Draper and Harpending (1982) were among the first to explain 
differences in parental investment using evolutionary theory. Draper and Harp- 
ending were influenced by the Whitings’ (1975) cross-cultural research on aloof 
as opposed to intimate husband- wife relationships. The Whitings proposed that 
aloof husband-wife relationships (husband and wife eat, sleep, and have leisure 
activities apart) led to lower paternal involvement and hypemasculine males 
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Table 8.1. Models of parental reproductive strategies, 
~ ~~~ ~ 

Urban-Industrialists 
Foragers Farmers (middle or high SES) 

Draper and Harpending “parental effort” “mating effort” societies; 
1982, 1987; Belsky et societies; high low parental 
al. 1992 

LeVine et al. I994 

Blurton Jones 1993 

parental investment; 
father involvement; 
sensitive, 
supportive, 
positively 
affectionate; 
responsive to infant 
demands 

does not discuss 

“survivorship 
enhancers”-uick 
response to requests; 
protectkeep infant 
from danger and 
exposure; nurturant 
and warm 

investment; low father 
and high sibling care; 
harsh, rejecting, 
insensitive or 
inconsistent 
caregiving; less 
responsive to infant 
demands 

proximal parental 
behaviors-uick 
response to fusslcry, 
frequent breast- 
feeding, always 
holding; minima1 
distal-verbal 
stimulation 

enhancers”- 
unresponsive to infant 
demands; sibling care 
to decrease demands 
on mother 

“pediatric model”; 

“production 

“parental effort” 
societies; high 
parental investment; 
father invohement; 
sensitive, 
supportive, 
positively 
affectionate; 
responsive to infant 
demands 

“pedagogical model”; 
di stal-verbal 
parental behaviors- 
frequent face-to-face 
interaction, verbally 
interactive, 
stimulating 

“ORS enhancers”- 
begin to teach 
children cognitive 
skills important to 
their RS; frequent 
face-to-face 
interaction, 
stimulation 

whereas intimate husband-wife relationships led to greater father involvement and 
more egalitarian gender relationships. They further suggested that aloof husband- 
wife relationships existed when warfare made it necessary to socialize hypermas- 
culine warriors. Draper and Harpending placed the aloof versus intimate 
dimension in an evolutionary life history framework, suggesting that individuals 
raised in an “intimate” husband-wife context, with low marital stress and contri- 
butions to subsistence by both parents, develop a reproductive strategy that 
emphasizes parental effort (i.e., more time and energy invested in a few children) 
whereas individuals raised in “aloof” father-absent households develop reproduc- 
tive strategies that emphasize mating effort, having more children with different 
spouses, and investing less time and energy in each child. 
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LeVine (1994), a psychological anthropologist, was also a student of the Whit- 
ings and was influenced by their suggestion that “maintenance systems” (e.g., sub- 
sistence patterns) explain infant and child care. LeVine proposed that parental 
goals could be viewed as adaptations to different maintenance systems, and he 
specifically described agrarian (also called pediatric) and urban industrial (also 
called pedagogical) parental goals. Agrarian parental goals focus on the survival, 
health, and physical development of infants because infant mortality levels are 
high-often only half of the children survive to reproductive age. In order to mon- 
itor and respond to health and survival indicators, agrarian parents are expected to 
keep their infants close (holding or keeping them in proximity), respond quickly 
to fusses or cries, and feed infants on demand. This contrasts with the urban-indus- 
trial parental goals that focused on active engagement, social exchange, stimula- 
tion, and proto-conversation with infants. LeVine reasoned that urban parents 
were concerned with the acquisition of cognitive skills essential for survival when 
infant mortality is low, children cost more and contribute less, and there is a com- 
petitive labor market operating through an academically graded occupation 
hierarchy. 

Blurton Jones (1993) built on recent contributions to life history theory 
(Clutton-Brock 199 l), hypothesizing the existence of three basic parental invest- 
ment strategies characterized, respectively, by “survivorship,” “production,” and 
“offspring reproductive success” (ORS) enhancers. His survivorship-enhancing 
and production-enhancing patterns were similar to the parental and mating effort 
patterns described by Draper and Harpending, whereas parents who adopted the 
ORS-enhancing pattern, like LeVine’s prototypical urban-industrial parents, were 
expected to have very few offspring and to invest heavily in their children’s cog- 
nitive development to ensure their reproductive success. Blurton Jones associated 
the survivorship-enhancing strategy with low-fertility hunting and gathering 
groups such as the ! Kung; the production-enhancing strategy with high-fertility 
agricultural societies; and the ORS-enhancing strategy with high socioeconomic 
status parents in industrial societies (1993:3 1 l), but he also pointed out that for- 
ager and farmer parental investment strategies vary dramatically in response to 
variations in natural and social ecologies. 

There are several similarities and clear differences among these models’ 
assumptions and predictions. Most important, from a life history perspective, is 
the fact that demographic features-fertility, mortality, birth intervals, or popula- 
tion density-are central to each of the models. LeVine used differences in infant 
mortality to explain differences between the agrarian and industrial parental 
strategies, whereas Blurton Jones mentioned threats to infant and child survival 
(e.g., predators) when explaining the survivorship-enhancing strategy. Chisholm’s 
(1996) and Belsky’s (1997) refinements of the Draper and Harpending mode1 
focused on the extent to which local mortality affected the relative prominence of 
mating as opposed to parental investment. 
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The Draper and Harpending and Blurton Jones models suggested that foragers 
should have lower fertility than farmers because they invest more time and energy 
in each child; farmers should have more children and invest less in each child. 
Draper and Harpending linked the tradeoffs in care and number of offspring to 
father absence or presence whereas Blurton Jones suggested that forager-farmer 
differences in parental investment were due to differential environmental hazards 
(e.g., predators); he proposed that forager parents invest more time and energy in 
each child to ensure “survivorship” in an especially hazardous environment 
whereas farmers emphasize “production.” Both models predict that foragers should 
be characterized by relatively high investment by both parents; proximal care; and 
sensitive and responsive parental behavior. Although it is clear that middle-class 
Euro- American parents have fewer children than parents in “traditional” popula- 
tions, cross-cultural studies of forager and farmer (horticulturist) mortality and fer- 
tility rates reveal few differences on these demographic dimensions (Bentley et al. 
1993; Hewlett 1991). 

One important difference between the three models lies in their characteriza- 
tion of group differences in parental investment. Most importantly, LeVine 
described farmers as proximal (e.g., holding or staying close to their infants), 
responsive, and sensitive to their infants whereas the other two models suggested 
that farmers provide harsh, rejecting, and insensitive parenting. Draper and Harp- 
ending proposed similarities between foragers and Euro-Americans whereas 
LeVine and Blurton Jones suggested that these groups should differ. Draper and 
Harpending (1987:225) noted that: 

among parents of Western, industrialized nations there is an apparent return to a sys- 
tem of parent caretaking, Family life is much more like that of the nomadic !Kung, 
a hunting and gathering people whose parent-child relationships are similar to those 
of other nomadic peoples. Rates of child mortality are moderate among hunter-gath- 
erers in comparison with those of primitive agriculturists or contemporary under- 
developed countries. Low mortality among foragers has various causes, including 
low population density and especially long birth spacing. . . . 

In this chapter, we evaluate the characterizations of and explanations for parental 
investment strategies provided by proponents of these three models. The applica- 
bility of the models is explored by examining parent-infant interactions in three 
populations: Aka foragers and Ngandu farmers of the Central African Republic 
and upper-middle-class Euro-Americans from Washington, D.C. Our evaluation 
of the models is limited to data gathered when infants in all three groups were 3 to 
4 months old. This, of course, limits evaluation of the models because parent- 
infant strategies and behaviors obviously change over time. On the other hand, we 
were able to conduct more hours of observation for a specific age and control for 
the confounding effects of child age and maturity on parent-child interactions. In 
most anthropological studies, infants of diverse ages are observed for brief pen- 
ods of time. It is also important to note that the LeVine and Blurton Jones models 
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explicitly dealt with parental investment in infancy whereas the Draper and Harp- 
ending model dealt with parental investment more generally. We have extrapolated 
a parent-infant pattern from their general model. 

LIFE HISTORY THEORY 

All three models utilize modified versions of life history theory, and the pro- 
ponents of all models would probably argue that parental behavior evolved 
because it enhanced the parents’ reproductive success. A commonly utilized life 
history model (Williams 1966) identifies two conceptually distinct categories of 
effort-somatic and reproductive effort-in which individuals engage in order to 
be biologically successful. Somatic effort refers to the risks and costs of assuring 
physical survival-obtaining shelter, ensuring protection from predators and con- 
specifics, seeking food, keeping healthy, and so forth. Reproductive effort involves 
ensuring representation of one’s genes in subsequent generations, and comprises 
three broad categories of activities-parental effort (rearing children), mating 
effort (attracting, keeping, and guarding spouses), and nepotistic effort (helping 
genetically related individuals besides one’s own children). The principle of allo- 
cation implicit in life history theory holds that energy utilized for one purpose can- 
not be used for another, and thus that individuals are frequently forced to make 
choices or decisions. The two basic tradeoffs in life history theory are the tradeoff 
between current and future reproduction and the tradeoff between number and fit- 
ness of offspring produced (Hill and Hurtado 1996). The first tradeoff focuses on 
whether individuals pursue small and immediate reproductive gains or wait for a 
larger reproductive gains in the future, whereas the second focuses on the costs 
and benefits associated with the quantity as opposed to the quality of offspring. 

Charnov’s (1993) recent contribution to female mammalian life history theory 
proposes that adult.mortality and life span, along with juvenile growth rate, con- 
strain several important life history variables, including age at maturity, adult 
weight, fertility, and juvenile mortality (see Hawkes et al., chapter 11, for a more 
extensive discussion of Charnov’s model), Charnov’s model predicts that, when 
adult mortality levels are high and juvenile growth rates are rapid, individuals 
should invest in current rather than future reproduction. Charnov’s model is 
important in the present context because it draws attention to the effects of adult 
mortality on .parental investment, whereas the three models described above 
emphasize the effects of juvenile mortality on parental investment. 

Because all three of the models summarized in Table 8.1 rely to some extent on 
life history theory, we evaluate the assumptions of the three models and attempt to 
place Aka, Ngandu, and Euro-American parental investment in the context of con- 
temporary life history theory. We focus on tradeoffs between parental and mating 
effort, and examine maternal investmendexpenditure of what Clutton-Brock 
(1991) calls “depreciable” care (ie,, care that affects only one child at a time [e.g., 
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feeding, holding] as opposed to “nondepreciable” care, which affects several chil- 
dren at the same time [e.g., defense of family resources, maintenance of kin net- 
works]). 

NATURAL AND SOCIAL ECOLOGIES 

Parental investment strategies are influenced by their natural and social ecolo- 
gies so it is essential to provide a brief overview of the environmental contexts of 
the three cultures. 

The Aka foragers and Ngandu farmers in this study are neighbars in the rural 
southern regions of the Central African Republic (population density less than one 
person per square km), where they make a living in the same dense humid tropi- 
cal forest. Both Aka and Ngandu have relatively high fertility and mortality as 
most women have more than four live births and juvenile mortality (under age 15) 
is usually over 35%. Infertility and female reproductive variability is greater 
among the Ngandu than it is among the Aka. Mid-adulthood mortality is also rel- 
atively high by Western standards, with infectious and parasitic diseases being the 
primary causes of adult death, although maternal mortality in childbirth and acci- 
dental deaths (e.g., falling from trees, hunting accidents, snakebite) are also not 
unusual. 

Despite these similarities, the Aka and Ngandu live in very different physical 
and social settings. The Aka camps comprise 25 to 35 related (by blood or mar- 
riage) individuals living in five to eight dome-shaped houses, each just large 
enough for one 4-foot-long bed. All family members sleep on this bed, and all of 
the houses in the camp occupy an area about the size of a large living and dining 
room in the United States. By comparison, Ngandu villages consist of 50 to 400 
related (including clan affiliation) individuals. Each house is at least 10 feet away 
from the next, but there are no walls or fences between houses. Polygyny is more 
common among the Ngandu than it is among the Aka (about 40% among Ngandu 
vs. 15% among Aka) and each wife lives with her children in a house or a room in 
a large house. Intermarriage between Aka and Ngandu is rare. 

The Euro-American households we studied were all located in relatively 
wealthy suburban Washington, D.C. Each house had several bedrooms and a large 
backyard. Infant mortality in such communities is less than I%, child mortality 
less than 5%, the total fertility rate is less than 2, and polygyny does not exist. Mid- 
adulthood mortality is rare in upper-middle-class communities, and chronic dis- 
eases are the primary causes of death in adulthood (e.g., coronary artery disease, 
cancer). 

Aka and Ngandu have frequent social, economic, and religious interactions and 
see each others’ infant caregiving on a regular basis, yet have distinct modes of 
production, male-female relations, and patterns of infant care. The Aka are net- 
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hunting foragers (also known as hunter-gatherers), move their villages several 
times a year, have minimal political hierarchy (i.e., chiefs with littleho power over 
others) and relatively high gender and intergenerational egalitarianism, whereas 
the Ngandu are slash and burn farmers, are relatively sedentary, have stronger 
chiefs and marked gender and intergenerational inequality. Upper-middle-class 
Euro-Americans have the greatest level of political and socioeconomic hierarchy, 
relatively high gender equality, and low intergenerational egalitarianism. 

Aka and Ngandu cultures share more and are in many ways more egalitarian 
than Euro-American cultures, but Aka sharing and egalitarianism are also sub- 
stantially greater than among the Ngandu. The Ngandu focus on maintaining egal- 
itarianism and sharing between households; households that accumulate more 
than others and do not share with neighboring families are prime targets of sor- 
cery, which is believed to cause illness or death. Sharing between households is 
not as frequent as it is among the Aka (i.e., not daily), and there is marked inequal- 
ity within Ngandu households, with men and the elderly receiving more than oth- 
ers. The Aka, on the other hand, share with many people in many households on a 
daily basis, and there is greater gender and age egalitarianism. To foster egalitari- 
anism, Aka also avoid drawing attention to themselves and eschew evaluative 
rankings, while also respecting individuality and autonomy. Upper-middle-class 
neolocal families rarely share with others outside the household, but regularly 
share food and resources with household members (i.e-, between husband and 
wife). Differences among individuals are evaluated on a near daily basis. 

The Aka subsistence system involves “immediate returns” in that food is con- 
sumed within a few days after capture or collection. By contrast, Ngandu and 
Euro-American economic systems involve “delayed returns,” in that the products 
of investment are delayed until harvest or payday (Woodburn 1982). This helps to 
explain the different sharing systems-Aka share more frequently in part because 
relatively little is invested and food is not stored. 

Aka and upper-middle-class Euro-American men and women contribute exten- 
sively to subsistence, whereas Ngandu women are the primary providers. Ngandu 
men clear and bum plantations, while women plant, weed, harvest, and prepare all 
subsistence food items (manioc, corn, peanuts, plantains, etc.). Unlike the Aka, the 
Ngandu are actively engaged in a local cash economy and many women are small- 
scale merchants, selling plantains, peanuts, nuts, mushrooms, and alcohol. Men 
are responsible for limited coffee production, hunt with trap lines or guns, and 
may search €or gold or diamonds in the local streams. Ngandu women are respon- 
sible for home maintenance, laundry, and collecting water and firewood. The 
workload of Ngandu mothers also appears to be greater than that of the Aka, espe- 
cially given the extensive sharing and cooperation among the Aka. 

Like the !Kung, Aka infants are carried in slings on the left-hand side of the 
adults’ body (Konner 1976, 1977). This leaves the head, arms, and legs free, and 
allows the infant to nurse on demand. By contrast, Ngandu infants are tied rather 
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snugly on the adults’ backs. When the adults are sitting, both Aka and Ngandu 
careproviders place infants on their laps or between their legs facing outward. 
When infants are laid down, they are always placed on their backs. Aka infants 
sleep with their parents and siblings whereas Ngandu infants often sleep with their 
mothers (or in separate cots, when husbands come to visit). Euro-American 
infants sleep alone in their own room in a crib. 

Upper-middle-class Euro-American infants are placed in a variety of techno- 
logical devices-infant seats, swings, etc.-generally facing toward the parent. 
Caregivers are usually home alone with the infant, and there are few adult or juve- 
nile visitors. Euro-American infants have the most caregiving devices (e.g., 
clothes, diapers, baths, toys); the Ngandu have more caregiving devices than Aka. 
Some Ngandu parents make small chairs, beds, or mats for the infants to lie on. 
Ngandu infants also have more clothes than Aka, are often dressed more warmly 
than adults even in the middle of a hot day, and are washed once or twice a day. 
By comparison, Aka infants seldom have more than a protective forest cord 
around their waists and are infrequently given a complete bath. Both Aka and 
Ngandu caregivers carefully keep insects and debris off their infants. 

Although Aka itre primarily foragers and Ngandu predominantly farmers, all 
Aka today farm at least part of the year and most Ngandu, men in particular, spend 
part of the year in the forest hunting or gathering forest products. Aka fields are far 
in the forest, and they sometimes build Ngandu-style houses near their fields. 

METHODS 

Twenty Aka, 21 Ngandu, and 21 Euro-American families with 3- to 4-month- 
old infants were observed for 3 hours on four different days for a total of 12 hours 
per infant. Families were asked to follow their everyday activities and try to ignore 
the presence of the observer. Aka and Ngandu were observed between 6 A.M. and 
6 P.M. on all days of the week whereas the Euro-Americans were observed 
between 8 A.M. and 8 P.M. on weekdays only. 

The naturalistic observational procedure and coding system were modified 
from the scheme originally developed by Belsky et al. (1984). The observer 
watched for 20 seconds and recorded for 10 seconds. After 45 minutes, the 
observer took a 15 minute break, and then resumed observation. The beginning 
and end of each time-sampling unit were signaled through an ear phone from a 
small tape recorder or electronic timing device. Observers noted on a checklist the 
occurrence of 11 caregiver and 10 infant behaviors, 6 dyadic behaviors, as well as 
the location, position, and identity of the careprovider and infant (see the appen- 
dix for a list of these codes). Further details about the methods are provided by 
Hewlett et al. (1998) and Leyendecker et al. (1997). 
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There are clear limitations to these methods. The Euro-American and Ngandu 
mothers seldom attended social events in part, we believe, because the observer 
was present. Ngandu mothers would go to the fields or work around the house but 
they found it difficult to go to the market or health clinic, in part because these are 
such social activities and others were so curious about the observations. It is diffi- 
cult to know precisely how much the adults changed their daily activities to 
accommodate the observation. Aka generally do not accommodate others very 
much, so they undertook a greater variety of activities inside and outside their 
homes and camps. 

THE SAMPLE POPULATLONS 

Table 8.2 summarizes the demographic features of the three samples. All of the 
Euro-Americans were first-borns whereas only about 15 percent of the Aka and 
Ngandu infants were first-borns. About 15% of the Aka and Ngandu fathers had 
more than one wife. None of the Aka had a formal education or were engaged in 
a cash economy. All men and women engaged in subsistence activities during the 
observation period, Most observations took place during the dry season, Most of 
the Ngandu men and several of the Ngandu women had an elementary education. 
Men and women engaged in subsistence and market activities, but neither group 
was employed outside the household. All of the observations took place during the 
dry season. 

All Euro-American parents were college educated and half of them had gradu- 
ate degrees. Ninety-five percent of these Euro-American mothers were employed 
full-time before the birth but took leave during the first few months after delivery, 
and all returned to work by the time the infants reached 12 months of age. Moth- 
ers were always in the house during observations, and observations took place pri- 
marily during the summer months. All the fathers were employed full-time, and 
all infants had their own crib in their own room. The mean family income in 1991 
was about $80,000 per year. Some may prefer to call this the “yuppie” sample. 
Because the Euro-American mothers were getting ready to return to paid ernploy- 

TubEe 8.2. The infants and their families. 
~ ~~ 

No. Mean Mean 
No. of Later Polygynous Age of Age of 
infarzts Males Females 1st Born Born Familes Mothers Fathers 

Aka foragers 20 13 7 3 17 3 27 33 
Ngandufanners 21 12 9 3 18 5 26 37 
Euro-Americans 21 13 8 21 0 0 31 34 
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ment, they may have been especially interested in holding and interacting with 
their infants. 

RESULTS 

In order to evaluate the models summarized in Table 8.1, the behavioral codes 
were divided into three categories: proximal behaviors (i.e., caregiver holding or 
staying close to infant); warmth and responsiveness behaviors; and distal-verbal 
behaviors (i.e., caregiver-infant looking, vocalization or stimulation). It is impor- 
tant to note that “infant looks at caregiver” included en face, mutual visual, and 
infant looks at caregiver codes while “caregiver looks at infant” included en face, 
mutual visual, and caregiver watchlcheck infant codes. The codes were combined 
in order to determine the total amount of time caregivers or infants looked at each 
other. Figures 8.1 to 8.3 and Table 8.3 summarize the behavioral and statistical 
data for each of the three groups. Figure 8.1 focuses on proximal behaviors and 
demonstrates marked differences among groups in the frequencies with which 
infants were held, proximal (defined as within an arm’s reach of caregiver), or 
were alone (i.e., caregiver not in room or not in sight). Aka infants were almost 
always held and never alone; Ngandu infants were held half as frequently as Aka 

Table 8.3. Levels of statistical significance between groups for variables in Figures 1-3. 

Significant Difference Between Groups (Scheffe) 
~~ ~ 

Aka-Ngandu Aka- EA s NgandU- EA s 

Proximal Behaviors (Fig. 1 )  
Infant held 
Caregiver proximaI (within I meter) 
Infant alone 

Warmth and Sensitivity Behaviors (Fig. 2 )  
Caregiver affect toward infant 
Caregiver soothes infant 
Adult feeds 
Infant fusdcry 

Distal-Verbal Behaviors (Fig. 3) 
Caregiver stimulates-arouse 
Caregiver vocalizes to infant 
Caregiver looks at infant 
Infant looks at caregiver 
Infant smile 
Infant vocalizes 

0.000 
0.000 
0.005 

NS 
NS 
NS 

0.000 

NS 
NS 
NS 
NS 
NS 

0.020 

0.000 
0.000 
0.000 

NS 
NS 
NS 
NS 

0.000 
0.000 
NS 

0.001 
0.000 
0.000 

0.000 
NS 

0.000 

NS 
NS 
NS 

0.01 6 

0.000 
0.000 
NS 

0.000 
0.000 
0.000 
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Figure 8.1. Group differences and similarities in proximal behaviors. 

but significantly more than Euro-American infants. There were no significant dif- 
ferences between the Ngandu and Euro-American samples with respect to how 
often the caregivers were within arms’ reach of the infants. 

Figure 8.2 presents variables linked to the parents’ warmth and responsiveness 
toward their infants. There were no differences among the three groups with 
respect to the frequencies with which parents showed affect (hugging, kissing), 
soothed, or fed their infants. There were significant differences in the length of 
time that infants fussed or cried, however, with Ngandu infants fussing or crying 
substantially longer than both Aka and Euro-American infants. There were no sta- 
tistical differences in fussing or crying between the Aka and Euro-American 
infants, however. 

There were no group differences in the total amounts of time infants were fed, 
but there were dramatic differences in how often mothers fed their infants (all Aka 
and Ngandu infants were breast-fed; Euro-Americans were breast-fed and bottle- 
fed). Aka mothers fed their infants significantly more often than did Ngandu and 
Euro-Americans (Aka 4.02 times per hour, Ngandu 2.01 times per hour, and Euro- 
Americans 1.61 times per hour). 

Figure 8.3 displays group differences and similarities in careprovider and infant 
distal-verbal behaviors. There were no group differences in the frequencies with 
which careproviders looked at their infants, but Euro-American adults were much 
more likely than Aka or Ngandu adults to stimulate (e.g., tickle) and vocalize to 
their infants. As a result, Euro-American infants were significantly more likely 
than Aka and Ngandu infants to smile, look at, and vocalize to their careproviders. 
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Figure 8.2. Group differences and similarities in warmth and responsiveness. 

The amounts of time different caregivers held the infants are presented in Table 
8.4. Mothers were the most frequent caregivers in all groups, but alternative care- 
givers among the Aka and Euru-Americans were more likely to be adults whereas 
alternative caregivers among the Ngandu were more likely to be juveniles. When 
we examined the proportion of total holding time, we found that the Aka and Euro- 
American fathers held their infants proportionately more than Ngandu fathers and 
that juvenile Ngandu females held the infants proportionally more than juvenile 
Aka females (no Euro-American juveniles held infants). 

WTRACULTURAL VARIABILITY 

Thus far, our analysis has focused on between-group differences, but an 
emphasis on mean differences between groups obscures the enormous intracul- 
tural variability on all of these measures. Evolutionary theory encourages 
researchers to examine within-culture variability because natural selection takes 
place at the individual level. Table 8.5 explores intracultural variability in the three 
groups of variables by examining the associations between each variable and 
maternal workload, which is widely believed to constrain the nature and frequency 
of maternal care (Blurton Jones 1997; Hurtado and Hill 1990; Nerlove 1974). Aka 
women worked an average of 28% of the time (range 2-63%) whereas Ngandu 
women worked an average of 39% of the time (range 1-64%). The difference was 
not statistically significant. At the time of the observations, none of the Euro- 
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Figure 8.3. Group differences and similarities in distal-verbal interactions. 
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Tuble 8.4. Percentage of time different caregivers held infant during 
daylight hours. 

~~ ~~ ~~ 

CA REGIVERS 

Mother Other Adults Other Juveniles 

Aka 72 17 5 
Ngandu 37 5 10 
Euro- Americans 29 4 0 

Table 8.5. Correlation between each variable and mother’s work for two 
ethnic groups. 

Correlation Coeficient (r)  

Aka Ngandu 

Proximal Behnviors (Fig. 1) 
Infant held 
Caregiver proximal (within 1 meter) 
Infant alone 

Warmth and Responsiveness Behaviors (Fig. 2)  
Caregiver affect toward infant 
Caregiver soothes infant 
Totat time infant feeds 
Frequency per hour infant feeds 
Infant fusskry 

Distal-Verbal Behaviors (Fig. 3) 
Caregiver stimulates-arouse 
Caregiver vocalizes to infant 
Caregiver looks at infant 
Infant looks at caregiver 
Infant smile 
Infant vocalizes 

.3 1 

.12 

.10 

.14 
S6** 
.17 
.32 
.35 

-25 
.19 
.16 
.38 
.17 
.38 

69** 

.34 

.19 

.04 

.32 

.o 1 

.59** 

.37 

.40 

.14 

.23 

.47 * 

.48* 

.ll 

**p  c .01 
*p c .05 

American mothers were employed outside the home, and the amount of time 
devoted to food acquisition, food preparation, and housework was not assessed. 

Table 8.5 and Figure 8.4 indicate maternal workload was most likely to affect 
the amount of time Ngandu mothers held their infants and the frequency with 
which they fed (but not the total time devoted to feeding) their infants: Ngandu 
mothers who worked more held and fed their infants less frequently. Maternal 
workload did not affect the amount of time Aka mothers held their infants or the 
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Figure 8.4. Relationship between Ngandu amount of time mothers work and mothers 
hold their infants. 

frequencies with which they fed their infants even though they held and fed their 
infants almost twice as frequently as Ngandu mothers. Aka mothers who worked 
more spent more time soothing their infants, in part because of a sIight increase in 
infant fussing and crying associated with increased maternal work. The link 
between maternal workload and infant fussing and crying was not statistically sig- 
nificant when each ethnic group was considered separately, but when the two were 
combined there was a significant association between maternal workload and 
infant fussing or crying (Y = -49, p = .OOl) .  

DISCUSSION 

How well do the three models of parental investment predict behavior among 
foragers, farmers, and urban industrialists? 

The data raise serious questions about LeVine’s depiction of “indulgent” (i.e., 
frequent holding and feeding, rapid response to fusdcry) agrarian parental strate- 
gies. Infants among the agrarian Ngandu fussed and cried substantially more than 
the Euro-American infants, they were fed almost as frequently (bouts per hour) as 
Euro-American infants, and there were no differences between Euro-American and 
Ngandu infants in the amounts of time that infants were near their caregivers. Euro- 
American infants were not held as often and they were more likely than Ngandu 
infants to be alone. Such findings instead support Draper and Harpending’s and 
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Blurton Jones’ characterizations of the agrarian parental investment strategy, with 
parents emphasizing “production” and minimal responses to infant demands. 

Analyses of the warmth and responsiveness variables likewise provided mixed 
support. for the three models. To the extent that they are less responsive to their 
infants’ fussing and crying, Ngandu parents manifest a “production” or “mating” 
parental investment strategy, but they show affection to and feed their infants just 
as frequently as Aka and Euro-American parents. Meanwhile, analyses of the 
distal-verbal measures tended to support LeVine’s and Blurton Jones’ predictions 
regarding Euro-American parental investment strategies, although one has to be 
careful interpreting these results. Theorists have assumed that these behaviors 
(i.e., face-to-face and verbal exchange) reflect Euro-American parents’ concerns 
about cognitive development and ORS. Some interview data support this (Rich- 
man et al. 1992), but it is also important to examine differences in the physical and 
social contexts. The Euro-American mothers were often home alone with their 
infants. The only persons with whom they could interact were their infants, and 
the infants were often placed in infant seats facing their mothers. On the other 
hand, Aka and Ngandu caregivers can readily converse with many others, and their 
infants are placed on their lap facing outward while careproviders are sitting and 
talking to others. Aka and Ngandu infants are thus exposed to as much language 
as Euro-American infants are, although it is less likely to be directed to them. In 
addition, by the time their infants are 9 to 10 months old, Ngandu caregivers pro- 
vide their infants with much more verbal and distal stimulation than Aka care- 
givers, who remain very close to their infants (Hewlett et al. 1998). Existing 
models also imply that little communication and stimulation takes place while 
infants are being held, which is not necessarily the case (McKenna et al. 
1991). 

It is important to note that infants in all three groups received equal amounts of 
affection from caregivers, however. Farmers may not be very responsive to fuss- 
ing and crying, foragers may not stimulate their infants very much, and Euro- 
Americans may not hold their infants often, but infants in all groups receive 
similar amounts of affection and soothing from caregivers. 

In sum, although there are some similarities between forager and urban-indus- 
trial investment strategies (e.g., husband-wife provisioning and cooperation), the 
forager patterns evident in this study were more similar to those of the neighbor- 
ing farmers than those of the Euro-Americans. Aka and Ngandu groups both have 
high mortality and fertility rates and are relatively more proximal (e.g., holding, 
time infant alone) and less verbal and distal than the Euro-Americans, although 
the Aka and Ngandu themselves have no problem categorizing each other as “par- 
enting effort” and “mating effort” societies, respectively. The Ngandu perceive the 
Aka as more indulgent with their children (Ngandu say the Aka always hold and 
spoil their children and do not train children to respect and obey their parents) and 
the Aka perceive the Ngandu as sexual animals who want to have sex several times 
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each night and with multiple partners. The different behavioraI propensities do not 
lead to the predicted differences in greater fertility or mortality, however. 

Explanations for Differences among Parental 
Investment Strategies 

Each of the three models identifies key factors that explain cross-cultural vari- 
ability in parental investment. LeVine utilizes infant mortality to explain differ- 
ences between agrarian and urban industrial populations, but our data suggest a 
more complex picture. Euro-American parent-infant interactions were more 
visual and distal, but it is not clear whether this reflected their greater interest in 
cognitive development or their physical and social circumstances (Le., home alone 
with infant). Contrary to LeVine’s prediction, Ngandu careproviders were also 
less responsive to infant fussing. 

The key factors for Draper and Harpending are the husband-wife relationship 
and father saliencylinvolvernent during a sensitive period in childhood. Individu- 
als (or cultures) with close husband-wife relationships and involved fathers are 
expected to develop a parenting effort strategy and then to focus on raising a few 
“quality” children, whereas individuals without involved fathers are expected to 
develop a mating effort strategy and to focus on “quantity.” Again, the data paint a 
more complex picture. Aka and Euro-American parents have close and more coop- 
erative husband-wife relationships, with more involved fathers than among the 
Ngandu. Aka and Euro-American careproviders were more sensitive to their 
infants’ fussing and crying, as the hypothesis predicts, but the Aka were clearly 
more similar to the Ngandu in terms of the “quantity” of children they have and the 
Ngandu were much more likeIy to hold their infants than were the Euro-Americans. 

Draper ( 1988) also suggested that foragers tend to view subsistence resources 
as limited because they must rely on few alternative adult careproviders, whereas 
farmers can call upon many juvenile caregivers. She hypothesizes that forager 
children have fewer sources of sustenance and that this in turn leads them to 
believe that resources are limited and so lowers their fertility. As predicted, we 
found that, among the Aka, alternative caregivers were more likely to be adults 
whereas they were more likely to be juveniles among sedentary farmers. Contrary 
to Draper’s prediction, however, we found that foragers had a trusting and confi- 
dent view of the environment that was associated with especially (by Western stan- 
dards) sensitive and responsive infant and childcare patterns. Farmers may have a 
more limited view of environmental resources because infant and childhood expe- 
riences are not as predictable and secure. 

Blurton Jones ( 1993) focused on environmental hazards, including predation, 
to explain why foragers are more likely than farmers to hold their infants and why 
Hadza and !Kung foragers have different investment strategies. The “survivor- 
ship” label is somewhat misleading in the present study because it gives the 
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impression that the forager environment is necessarily more dangerous than the 
farming environment. We do not have systematic data to evaluate this hypothesis, 
but we are unaware of any Aka or Ngandu infant deaths from predation. If preda- 
tion is a primary concern, why would Aka caregivers place infants on the ground 
in order to chase and tackle animals while hunting? Although frequent holding has 
been described as a hazard prevention strategy among foragers (Kaplan and Dove 
1987), it may be a result of the regular carrying needed to transport infants when 
moving camp, visiting relatives, hunting, and gathering as we11 as the adults’ rel- 
ative unfamiliarity with the places they take their infants and the emotional attach- 
ment parents develop because they hold their infants so frequently (Hewlett et al. 
1998). 

None of the parental investment models incorporates “culture” as an inde- 
pendent variable. This study suggests that cultural mechanisms (Boyd and Rich- 
erson 1985; Hewlett and Cavalli Sforza 1988) may, in part, help to explain some 
of the parental investment differences. For instance, the Aka and Ngandu live in 
the tropical rainforest, have similar mortality and fertility patterns, and see each 
other’s parenting patterns on a regular basis. Neither parenting style seems to 
increase/decrease infant survival. Cultural processes pattern part of the individ- 
ual’s rearing environment, and it is possible these parental investment models, 
especially those of Chisholm and Belsky which focus on local mortality and fam- 
ily stress, may explain differences within rather than between cultures. 

Finally, it is important to point out that most of the characterizations of white 
middle-class urban industrial parent-child relations were based upon studies con- 
ducted in the 1970s or earlier when holding and attending to a fussingkrying 
infant were not seen as important by most parents. Parenting ideoIogies have 
changed, and our data suggest that upper-middle-class parents are holding and 
responding to fusses and cries substantially more frequently than in previous 
Euro-American studies. 

Life History Theory 

Table 8.6 estimates the key variables in Chamov’s theory for the three ethnic 
groups and summarizes the corresponding features of the parent-infant interac- 
tions we observed. Charnov has proposed that, across species, adult mortality and 
juvenile growth rates pattern the remaining life history variables, and we thus 
undertook a speculative cross-cultural analysis inspired by his model. 

First, it is necessary to describe how we arrived at the qualitative measures 
(e.g., low, medium and high) reflected in Table 8.6. Adult mortality is higher in the 
Aka and Ngandu than it is among the Euro-American, but we lack reliable infor- 
mation about age at death in these populations to specify differences between Aka 
and Ngandu adult mortality more precisely. Bailey (1991) has shown that children 
among the Efe (another African forager “pygmy” population similar to Aka) grow 
more slowly than children among the neighboring farmers and Euro-Americans. 
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Table 8.6. Summary of behavioral results and life history variables among the three eth- 
nic groups. 

Washington DC Urban 
Aka Foragers Ngandu Farmers industrialists 

Life History Variables 
Adult mortality 
Juvenile growth 
Age at maturity 
Adult weight 
Fertility 
Child mortality 

Parent-Znfant Interactions 
Proximity 
Responsiveness 
Verbal Interaction 

Nonmaternal (alternative) 
caregivers 

High 
Very slow 
Late 
Low 
High 
High 

Very proximal 
Very responsive 
Not very verbalIy 

interactive 
Adults and juveniles 

High Low 
Slow Rapid 
Early Very early 
Medium High 
High Low 
High Low 

Proximal Distal 
Not very responsive Responsive 
Verbally interactive Very verbally interactive 

Juveniles Adults 

The age of sexual maturity has been determined for the Aka (15 years) and upper- 
class Euro-Americans (12 years), but not for the Ngandu. Field observations indi- 
cate that the age of first birth is earlier among Ngandu females than it is among the 
Aka. Mean adult female weight is about 42 kg among the Aka, 54 kg among the 
Ngandu, and 61 kg among middle-class white Americans (Hewlett 1992). We have 
already discussed fertility and child morality differences in the three groups. 
While many of the variables are estimates, they provide a starting point for dis- 
cussing the applicability of Charnov’s model. 

Charnov’s model predicts that, if adult mortality levels are high and juvenile 
growth rates rapid, individuals should invest in current rather than future repro- 
duction. The data provide mixed support for this hypothesis. On the one hand, the 
predicted relationship between adult mortality and current versus future repro- 
duction is supported by the fact that the Aka and Ngandu have relatively high adult 
mortality rates and invest in current reproduction (i.e., many children) whereas 
upper-middle-class Euro-Americans have low adult mortality rates and focus on 
future reproduction. On the other hand, the Aka and Ngandu have slower juvenile 
growth rates than U.S. children from upper-middle-class backgrounds. This may, 
in part, reflect the relatively unusual (by cross-cultural standards) nature of highly 
stratified urban industrial societies, in which there is relatively easy access to food, 
which leads to rapid juvenile growth, and sexual maturity does not coincide with 
the social and cognitive maturity necessary to survive and reproduce (e.g., formal 
education to acquire skills necessary to obtain high salary) as it typically does in 
small-scale cultures. 
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How does Charnov’s model help to understand the parent-infant interactions 
described in this study? First, the model is useful for understanding infant care in 
the three ethnic groups because it underscores the importance of adult mortality 
and other variables when explaining parental investment, thereby helping to con- 
textualize the tradeoffs between parenting and mating efforts. Second, Charnov’s 
model underscores the importance of environmental context, since much of the 
variability in observed life history variables and parental investment patterns can 
be explained by exposure to different physical and social environments. The Aka 
physical and social environment promotes especially high levels of all types of 
sharing (food, caregiving, domestic tasks, hunting, etc.) because the people living 
together are often genetically related or have regular and intimate knowledge of 
other camp members (necessary for intense reciprocal altruism), and food is con- 
sumed within a few days. Ngandu sharing is less frequent and extensive than 
among the Aka, in part because living conditions are less intimate, subsistence 
involves delayed returns, neighbors are less familiar with one another than among 
the Aka, and parents, especially mothers, are under greater pressure to provide 
food and care (“depreciable” forms of investment) for their infants. This increased 
stress may help to explain why Ngandu caregivers are less responsive to their 
infants. Euro-Americans have the lowest levels of sharing, which places enormous 
stress/expectations on the husband-wife relationship. 

SUMMARY 

Although we have been somewhat critical of existing parental investment mod- 
els, we want to underscore the significance of these contributions to life history 
theory. In addition to being provocative and heuristically valuable, they introduce 
the consideration of reproductive interests to child development theory, place 
reproductive interests in a life-course perspective, and encourage cross-cultural 
anthropologists to examine variability within cultures. 

Our results suggest the following conclusions: 

1. In a context of high infant mortality, Ngandu farmers are not as responsive 
to their infants as LeVine’s model would suggest. The data instead support Draper 
and. Harpending’s and Blurton Jones’ characterizations of fanner parent-infant 
interactions. The farmers’ parenting style does not necessarily lead to the pre- 
dicted pattern of greater “production” (higher fertility) than that found among for- 
agers. 

Contrary to the Draper and Harpending model, there are substantial differ- 
ences between forager and urban-industrial parental investment strategies. Blur- 
ton .Tones’s description of “ORS enhancers” in urban industrial societies is a useful 
extension of their model. 

2. 
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3. Euro-Americans are more interactive and engage in more distal-verbal 
interaction with infants, in part because of the different physical and social settings 
and infant technologies. 

Maternal workload among the Ngandu influences the frequency of infant 
holding and breast-feeding bouts per hour. Maternal work does not influence these 
factors among the Aka, in part because infants are held in all contexts and because 
sharing is so frequent. 

Life history theory is a useful tool for interpreting parentaI investment 
strategies. 

4. 

5. 
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APPENDIX: 
LIST OF CODES USED FOR THE OBSERVATION OF 
CAREGIVER-INFANT INTERACTION AT 3 MONTHS 

Dyadic Behaviors 

En face 
Mutual visual 
Proximity within arm length 
Caregiving 
Feeding 
Holding 

Caregiver Behaviors 

C attention is focused on infant 
C checks on infant (brief glances) 
C stimulates/arouses 
C physical soothe 
C non-physical soothe 
C physical affect 
C non-physical affect 
C vocalizes to infant 
M leisure 
M work (except EA sample) 
C talks to others 
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Infant Behaviors 

I asleep 
I drowsy 
I fussing 
I crying 
I vocalizes 
I smiles 
I looks at C 
I responds to caregiver stimulation 
I distracts self with objects (incl. own body) 

Other Behaviors 

Location (lap, bed, arms, sling) 
Room (in house, outside house, forest, plantation) 
Caregiver (mother, father, elderly female, adult female, juvenile female, 
elderly male, adult male, juvenile male) (except EA sample) 
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Costs, Benefits, and Consequences 
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A basic issue in the life history of the human male is his patterned alIocation of 
resources available for reproduction. He is faced with two fundamental tradeoffs 
(Low 2978; Sterns 1992; Trivers 1972). The first is between investment in himself 
(somatic effort or future reproductive effort) or in producing offspring (present 
reproductive effort), and the second is a tradeoff within reproductive effort 
between investment in mating opportunities and parental investment in offspring 
already produced (Clutton-Brock 199 1). Mating effort promotes higher numbers 
of offspring and parental investment promotes higher quality of offspring. 

For higher primate species, investment in self (somatic effort) mostIy involves 
good nutrition, which promotes healthy immune function, stable growth, and large 
completed body size in combination with the acquisition of social networks and 
resource acquisition skills (Charnov 1993; Chmov and Berrigan 1993; Kaplan 
1996). For humans, however, we speak more formally of the concept of embodied 
capital, that is, the stock of attributes embodied in an individual that can be con- 
verted, either directly or, more commonly, in combination with other forms of cap- 
ital, into fitness-enhancing commodities (Becker 1991, 1993; Kaplan 1994; 
Kaplan et al. 1995). Embodied capital includes investment in body mass and com- 
plexity, skills and knowledge, and social capital. Parental investment in the 
embodied and social capital of offspring can affect their survival, future income, 
and social status. The latter two, in turn, form the budget fur each offspring’s 
investment in its own and the next generation’s reproduction. 

Among humans the combination of determinant growth (that is, growth which 
does not continue indefinitely) and the particular pattern of intergenerational sup- 
port in which parental and senior generations are committed to feed juveniles 
tends to concentrate the acquisition of embodied capital into the juvenile and early 
adult years (Borgerhoff Mulder 1992; Kaplan 1994, 1996; Lancaster and Lan- 
caster 1987). This leads to a life history strategy in which resources that early on 
are exclusively invested in somatic growth eventually become largely diverted into 
reproduction. The timing of this shift from somatic growth to finding mates and 
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producing offspring varies according to environmental conditions that determine 
how rapidly embodied capital can be acquired and how much is sufficient to the 
tasks of reproduction in the local context. Our interest here is to analyze the fer- 
tility and parental investment patterns of men living in a Contemporary city in the 
United States (Albuquerque) to see how well these two tradeoffs describe issues 
faced by contemporary men in a world with a monetized economy, competitive 
labor markets, and very low fertility based on birth control. 

Following Lazarus (1990) we propose that a fundamental tradeoff faced by 
these contemporary men can be directly linked to the conflict between investing 
resources in finding mates who will bear children and investing in children already 
produced. Since the number of children that a man can produce may be increased 
by having more than one mate (because of the inevitable limitations placed on 
each woman by her reproductive biology), men who desert and do not help to raise 
their own children have the opportunity to produce more offspring with other 
women. We have taken “ceasing to live with a child” as a measure we can use to 
capture the withdrawal of male parental resources both in terms of time and money 
during a child’s development. Of course, we recognize that many men are consci- 
entious about investing time and financial resources in their children even after 
divorce; however, marital breakup does lead to a reduction in the total time a man 
spends with his genetic offspring (Cooksey and Fondell 1996). Furthermore, the 
longitudinal study by Bloom, Conrad, and Miller (1996) of men in the United 
States has shown that men who fail to pay court-ordered child support are more 
likely to remarry and have more children than men who comply with their child 
support orders. “Ceasing to live with a child” cannot lead to future investment in 
more children if the man does so because of his own death. Therefore, our mea- 
sure is about the withdrawal or reduction of male parental investment because of 
desertion or divorce. It is generally recognized that desertion, divorce, and remar- 
riage as practiced by a man can both extend the length of his reproductive period, 
if he marries progressively younger women, and promote his total fertility. In 
effect, it is a form of polygyny, or serial monogamy, which raises male fertility in 
the same way as polygyny in more traditional human societies (Lockard and 
Adams 1981; Mackey 1980). 

Figure 9.1 presents a causal pathway that describes the tradeoff that men face 
between quality and quantity of offspring when they make a decision to remain or 
to cease to live with a child before it is fully grown. Divorce or desertion has two 
main effects on a man’s children: it may raise a man’s completed fertility (quan- 
tity) through the formation of additional mateships and the likelihood of produc- 
ing more children. In turn, it should reduce the total amount invested in each child 
because of the diversion of resources to mating effort and the probable increase in 
the total number of children having to share the same limited pot of father’s 
resources (Weiss and Willis 1985). 

Such division will reduce the quality of each child as measured by educational 
and economic outcomes. Hence, the predicted effects of divorce/desertion or ceas- 
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Ceasing to live with children as a tradeoff between quantity and quality of off- 

ing to live with a child are both positive and negative. There is really only one 
major tradeoff both the length and intensity of parenting affect child quality, and 
reductions in investment lower child quality but also have the potential to raise a 
man’s fertility through investment in more mateships. 

METHODS: THE ALBUQUERQUE MEN DATA SET 

Between 1990 and 1993 Kaplan and Lancaster’s Albuquerque Men project 
completed 7,107 short (4-page) and 1,325 long (96-page) structured interviews 
with a representative, random sample of men in Albuquerque recruited at the New 
Mexico Motor Vehicles Division (MVD) (Anderson, Kaplan, and Lancaster, n.d.; 
Kaplan et al. 1995, 1998). All men who appeared to be over 18 years of age were 
considered eligible for the initial contact. On the basis of information obtained in 
the short interview, eligible participants were invited to participate in the long 
interview. The criteria for eligibility were: (1) having come to the MVD for the 
purpose of a driver’s license origination, renewal, or for a photo ID, and (2) being 
over 25 for the short interview and over 30 for the long. 

The Albuquerque Men data set was designed to test theories of fertility, mating, 
and parental investment using a representative sample of men living in a modern 
society with a competitive, skills-based labor market. The short interview sampled 
a man’s current condition. The long interview was a history of employmentkrain- 
ing, reproductive relationships, and children produced and parented. A fuller 
description of the interviews can be found in Kaplan and Lancaster (chapter 14, 
this volume). The first set of results presented here come from the analysis of the 
short interview, which was given to 3,762 Anglos, 2,789 Hispanics, and 556 oth- 
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ers. Our interview requested information on three generations, the man himself, 
his parents, and the children he produced andor parented. For the last analyses 
presented in this chapter on a man’s investment in children’s education, we used 
data from the long interview, which was given to 1,325 men. We analyzed data 
from 615 of these men about their investments in 1,246 children who had received 
a year or more of higher education. 

RESULTS 

Men Who Ceased to Live with Their Own Offspring 

Men differ in their quality and their ability to invest in mates and offspring 
(Lancaster and Kaplan 1992). As a result, the impact of tradeoffs between mating 
effort and parental investment differ for different men, with some men paying 
higher costs, and others paying lower costs for ceasing to live with a child. One of 
the most significant reasons why costs should vary between men is variability in 
their own embodied capital. In other words, the less a man has to offer, the less the 
cost to the child of withdrawing his presence and financial support. We predict that 
the following set of three conditions will have strong effects on the values of these 
tradeoffs. All are measures of embodied capital: (1) a man’s education, (2) a man’s 
income, and (3) the age at which the man first started reproduction. In this case an 
early age of first reproduction means less investment in his own embodied capital 
by diverting resources from own education and training to acquisition of mates 
and production of offspring. 

We have chosen to look separately at data resulting on separation from a child 
before age 6 (early childhood), between ages 6 and 16 (school age), and men who 
stay with their children over the age of 16, presented by child’s birth cohort. We 
also restricted our analyses to the two ethnicities, Anglo and Hispanic, for which 
we had a large enough sample to control for socioeconomic status and birth 
cohort. Hispanic refers to all men who identified themselves as Hispanic regard- 
less of race and Anglo (an ethnic classification peculiar to the Southwest) to non- 
Hispanic men who classify themselves as white and generally speak English in the 
home. Most Hispanics in our sample are native New Mexicans tracing their fam- 
ily history to the early settlement of the Southwest. The break down of our sam- 
ple into these ethnic divisions is appropriate to the Southwest and helps us to 
analyze the impact of socioeconomic status and birth cohort on behavioral differ- 
ences often assigned to ethnicity and religion. 

Father’s ethnicity and child’s birth cohort. Figure 9.2 presents the effects of 
the father’s ethnicity on the probability of his ceasing to live with a child before 
the age of 16, presented as a function of the child’s birth cohort (the data on sam- 
ple size, standard deviations and standard errors for Figures 1-6 and Figures 9-10 
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Figure 9.2. Effects of father’s ethnicity on the probability of ceasing to live with a child 
before it reaches age 16. 

are given in the appendix). Ethnicity had remarkably little effect although Anglo 
men showed a slightly greater tendency to cease living with a child after 1950. The 
most striking result presented in this figure is not in differences between ethnici- 
ties but in the general upward trend in ceasing to live with children in each birth 
cohort since 1950 beginning with a low of 8% in 1950 and rising to 29% in 1980. 
This striking rise in frequency of father-child separation was found in both Anglo 
and Hispanic men. 

Father’s education. Figure 9.3 presents the effects of the father’s education 
on the probability of ceasing to live with his child before the age of 6. It shows the 
changing likelihood of ceasing to live with a child under the age of six as a func- 
tion of the child’s year of birth and the man’s education. A very small percentage 
of children (about 5%) born before 1960 ceased to live with their father before age 
6, regardless of parental education. However, as father/preschool child separation 
becomes increasingly likely through time, the effects of education become readily 
apparent. For the cohort of children born in the 1980s, the probability of separat- 
ing from the father before the age of six increases to about 25% for children whose 
father has less than a high school diploma, 18% for those whose father has a high 
school diploma, 12% for children of men with a bachelor’s degree, compared to 
only 8% for children of men with a post-graduate degrees. We could not look at 
the outcomes for older children in this latest birth cohort because few were over 
age 6.  
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Figure 9.3. Effects of father’s education on the probability of ceasing to live with a child 
before it reaches age 6. 

It may be relevant that the rate of return on embodied capital (education) had a 
abrupt upward shift when the U.S. labor market restructured during the mid-fifties 
to the mid-sixties away from semi-skilled and manufacturing employment toward 
industries requiring specialized and technical training (Herrnstein and Murray 
1994; Jorgenson and Fraumeni 1989; Murphy and Welsh 1989). We might expect 
then that the similarity of behavior of the fathers of the pre-1960 child cohorts 
regardless of differences in education may reflect similar rates of return on educa- 
tion during that era. As the returns on education in producing male adult income 
increased, the cost (in terms of child quality) to fathers of ceasing to live with their 
offspring becomes increasingly differentiated between those with little education 
and those with more. 

Father’s income. Figures 9.4a and b present the effects of the father’s income 
on the probability of ceasing to live with his child before it reaches age 6 and age 
16. The lowest income quartile is the most different from the others. This means 
that the effect of father’s income on probability of divorce or desertion is not 
evenly distributed by similar increments through the income quartiles but is 
strongest at the bottom of the economic scale. In the latest children’s birth cohort 
(1970-79) 43% of fathers ceased to live with a child before it reaches the age of 
14. For separation before age 6 the lowest income quartile has a rate nearly dou- 
ble that of the other three quartiles for the 1980-89 birth cohort. 
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Figure 9.4~-b. Effects of father's income on the probability of ceasing to live with a child 
before the age of (a) 6 and (b) 16. 

Father's age atfirst reproduction. Figure 9.5 presents the effects of father's 
age at first reproduction on the probability of his ceasing to live with a child before 
it reaches the age of 16. This is a separate life history measure of the father's embod- 
ied capital because it is a marker of the timing of the shift from somatic to repro- 
ductive investment in his life course, whereas education and income are measures 
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Figure 9.5. Effects of father's age at first reproduction on the probability of ceasing to live 
with a child before the age of 16. 

of the amount of embodied capital he has acquired. Reproduction early in the life 
course does in fact raise the probability of ceasing to live with a child in both early 
childhood (<6 years) and during the school-age years (6-16 years) (Brian and 
Willis 1995; Kaplan and Lancaster, unpublished analyses). The cutoff point for 
such effects appears to be for fathers aged 25 and over at first reproduction. 

There has been significant historical change in the median age of first repro- 
duction for men in this century. Among Anglos in the Albuquerque data set, age at 
first reproduction was late early in the century, dropped to a minurnurn among men 
born in the 1930s, and then began to increase. Median ages of first reproduction 
for Anglos are: 30.7 (born before 1920), 27.7 (born 1920-29), 25.8 (born 
1930-39), 28.2 (born 1940-49), and 3 1.7 (born 1950-59), respectively. Median 
ages of first reproduction for Hispanics are: 28.5 (born before 1920), 25.8 (born 
1920-29), 25.0 (born 1930-39), 24.4 (born 1940-49), and 25.9 (born 1950-59), 
respectively. Since 1940, then, differences between Anglos and Hispanics in mean 
age of first reproduction has increased considerably. There is no national data set 
available for comparison, Median age of first reproduction is determined for moth- 
ers but not for fathers in national surveys. However, the temporal changes we 
found in male age at first reproduction mirror trends for median age of first mar- 
riage in national data sets. Nationally median age of first marriage for men was 
22.8 years in 1950, 24.7 in 1980, and 26.3 in 1990 (U.S. Bureau of the Census 
1992). 
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In summary, the four sets of analyses we have presented on the impact of 
father’s ethnicity, education, income, and age of first reproduction, all by birth 
cohort, point to embodied capital as a critical predictor of a man’s likelihood of 
not fully raising one or more of his children. The prediction that men with less 
embodied capital (as measured by education, income, and age of first reproduc- 
tion) may have less to lose from their desertion in terms of reducing child quality 
and hence, may be more willing to do so is supported. 

The Effects of Not Fully Raising Own Offspring on a 
Man’s Fertility 

Our path model presented in Figure 9.1 proposed that the diversion of resources 
from raising children after divorce or desertion would enable men to invest in 
future mating opportunities and so enhance their completed fertility. Figure 9.6a 
compares the fertility of Anglo men who did not live with at least one of their chil- 
dren to age 6 with those who lived with all of their children to age 6. Figure 9.6b 
shows similar results when we compared the fertility of those men who did not live 
with at least one of their children to age 16 with those who lived with all of their 
children to that age. Ceasing to live with at least one child has the predicted effect 
of raising mean male fertility as much as one half a child for cohorts in which the 
man was born before 1950, providing the man deserted before the child reaches 
the age of 6. Fertility benefits to deserting chiIdren between the ages of 6 and 16 
were reduced to approximately one quarter. 

The predicted effect is not evident in the younger cohort, that of men born since 
1950. The effect is also not evident among Hispanics, except for men born before 
1930 (data not shown). However, this is not a clear outcome because many of these 
men may not have completed their fertility, particularly those who are reproducing 
in a series of mateships, because reproduction through changing mates may have 
some cost in startup time between relationships. These younger males born 
between 1950 and 1960 were only 30-40 years old when they were interviewed, 
whereas our older cohorts were over 40 and more likely to have Completed fertility. 

Men Who Raise Other Men’s Offspring 

Whereas some men in all human societies do not fully raise their offspring, 
there are always some men who are willing to raise other men’s offspring. In the 
nineteenth century in the United States most women with dependent children who 
were available for remarriage were widows (Vinovskis 1990, citing Uhlenberg 
1980). As late as the beginning of the twentieth century the proportion of children 
who had one or both deceased parents before reaching the age of 15 was 24%. 
Today among single mothers only 6.7% are single as a result of their partners’ 
death (Vinovskis 1990), and unrelated men enter mother-child households more 
often because of single parenthood or divorce. Allocation of male investment from 
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Fertility effects of Anglo men not living with at least one child to age (a) 

self andlor own children to other men's children raises intriguing questions about 
the characteristics of these men (Daly and Wilson 1994, 1996). 

Among humans the division between mating effort and parental effort is not so 
cleanly struck as life history theory might seem to imply. The reason for this is that 
human females are characterized by a reproductive strategy (the feeding ofjuve- 
niles) that commits them to the dependency of multiple young of different ages 
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and needs (Lancaster 1997). For this reason male support for a previously born 
child can be classified as male parental investment for the genetic father, but it also 
serves as a form of courtship behavior (mating effort) for either the genetic father 
or an unrelated male because it raises the probability for either type of man of 
fathering the next child a woman bears. Such behavior has been reported for non- 
human primates by Smuts and Gubernick (1991) in which young and low-status 
males who favor and protect infants of other males raise their own probability of 
mating with the mother when she weans and is ready to conceive again. Similarly 
in “lonely hearts” advertisements in the United States men who list the fewest 
resources (no mention of professional career or home ownership) are much more 
likely to express a willingness to raise other men’s children (“Kids OK”) (Wayn- 
forth and Dunbar 1995). 

To begin our analysis using the combined sample of 7,107 men of all ethnici- 
ties, we asked all men who had helped rear a child for at least one year what their 
relationship was to the child to whom they allocated that parental effort. The 
results are presented in Figure 9.7. Some men had never helped raise a child, either 
their own or another male’s (16.6%), at the time of the interview. Most of the men 
in our sample had raised only their own children (62.8%)’ and an additional 16.6% 
had raised their own and the children of other men as well. This category of oth- 
ers’ offspring raised in combination with own offspring included both kin (3.6%) 
and nonkin (12.3%). Only 4.7% raised only other men’s children. Together a total 
of 20.6% of men in the sample helped to raise some children not their own. Gen- 
erally, then, men parent their own children, nearly two-thirds in our sample, but an 
additional 20.6% parent other men’s children as weIl. Only a small minority had 
reared only other men’s children. 

3.6% 

62.8 

.7% 

1 %  

H Parented none 

Parented own only 

Parented own and kin 

[111 Parented own and non-kin 

Parented nonoffspring only 

Figure 9.7. Allocation of male parenting effort for all ages of men. 



190 Jane B. Lancaster and Hillard S .  Kaplan 

64.1 % 
% 

Relationship 

Kin 

Mate’s Child 

Mate’s Kin 

ffl Adopted From Agency 

All Others 

Figure 9.8. Relationship to others’ offspring parented by males of all ages and ethnicities. 

A closer look at the 20.6% of our men who had raised at least one child not his 
own for at least a year revealed a variety of relationships between the man and that 
child. Figure 9.8 presents the relationship of the male to the 2,613 offspring of 
other men raised by men of all ages in the sample. The vast majority of such rela- 
tionships in this sample can be attributed to mating effort. In other words 69.1 % 
of the children were related to a man through his current mate, either as her child 
from a previous reIationship (64.1%) or as her dependent kin (5%). As we will 
show below, this form of parenting comes with sexual access to a woman who has 
previously reproduced or has dependent relatives, and should sexual access end, 
investment is dramatically curtailed. A further 18.5% of the children were kin to 
the man, such as grandchildren or nieces and nephews. This behavior can be clas- 
sified as kin selection because these children are carriers of the man’s genes just 
as his own children are. The remaining 15% of the offspring children were either 
adopted from an agency (9%) or the children of friends or neighbors (6%) who 
tended to be older and only temporarily placed in the man’s home. 

Our data thus support the hypothesis that, although men do sometimes parent 
other men’s children, this behavior is likely to further the men’s own genetic inter- 
ests. In the modern United States this behavior is by far the most likely to be asso- 
ciated with getting access to a mate who had previously reproduced or had 
dependent km of her own. A less frequent but still significant pattern was the par- 
enting of own kin other than offspring. Generally, then, most men in our sample 
who parented, raised their own children, at least partially. The parenting of other 
men’s children can be interpreted as either mating effort or kin investment. The 
altruistic parenting of unrelated stranger children is a relatively infrequent event 
but deserves further attention. 
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Outcomes for Children of Not Being Fully Raised by 
Both Parents 

Our original pathway in Figure 9.1 predicted a cost to children in not being 
fully raised by their genetic fathers. We were able to test these effects using three 
outcome measures: marital stability, education acquired, and adult income of the 
not fully parented child. We see strong negative effects for all three. As in earlier 
analyses we separated the effects of early from later desertioddivorce in terms of 
when it occurred in both the man’s and his child’s life. Although these analyses are 
based on the respondents ceasing to live with both parents before a particular age, 
the vast majority of such cases involved the absence of the father, especially so for 
the preschool years and before the 1990s when fathers were rarely the custodial 
parent after divorce. 

Figures 9.9a and b present the effect of the age at which the respondent father 
no longer lived with both parents (before the age of 6, between 6-16, or over 16 
years) on the probability of ceasing to live with his own child before the age of 6 
(Figure 9.9a) or between the ages of 6 and 16 (Figure 9.9b). The results show that 
by far the strongest effect is found in the likelihood that a man who stopped living 
with both parents when he was between the ages of 6 and 16 will separate from 
his own child before it reaches the age of 6. We also note strong cohort effects: 
whereas before 1960 how long a man lived with both parents had little effect on 
his own marital stability, after 1960 the impact on men separated from both par- 
ents between the age of 4 and 16 nearly doubles, but only in regards to separating 
from preschool children. 

It may seem counter-intuitive that a man’s separation from a parent during his 
school-age years has the strongest effect on his ceasing to live with one of his own 
children before the age of 6, and that the effects of being separated from a parent 
during early childhood and of remaining with both parents until 14 or older are vir- 
tually the same. Draper and Harpending (1982, 1988) and Belsky, Steinberg, and 
Draper (1991) present a hypothesis which suggests that during the early years of 
development both sons and daughters form expectations about family formation 
strategies based on modeling their parents’ behavior. These expectations include 
relations with the opposite sex and with children based on the perception of how 
necessary a stable partner is to rearing children as well as how critical an emo- 
tional and sexual commitment in marriage is. If our data can be interpreted as sup- 
porting this hypothesis, it suggests that the preschool years of life are nut 
important but that a critical learning experience might occur only during the 
school-age years (Figures 9.9a and b) and that this effect is only expressed in the 
likelihood of ceasing to live with own child before it reaches the age of 6. 

Alternately, this effect of age to which the man was raised by both parents 
could be mediated through the effects on a man’s education and income (an 
embodied capital effect). Espenshade (1984) has estimated that the cost of raising 
a child in our society increases as a child matures and nearly doubles in total if 



192 

0.40 - 
0.35 - 
0.30 - 

.- 0.25- 

.I 

P 
2 0.15- n 

0.10 - 

0.05 - 
0.00 

- 
2 0.20- 

Jane B. Lancaster and Hillard S. Kaplan 

- - 0- - Father lived with 
both parents .= 6 years 

I -0 * 6-16 years 

16+ Years 

I I I I I 

0.40 - 
0.35 - 
0.30 - 

.- 5 0.25- - .- 
2 0.20- 
P 
2 0.15- a 

0.10- 

0.05 - 
0.00 I 

<I 950 1950-59 1960-69 1970-79 

Child's Cohort 

- - U= - Father lived with 
both parents < 6 years 

+ 6-16 years 

-=em- 16+ Yeas 

Figure 9.9a-b. Effects of the age to which respondent lived with both parents on the prob- 
ability of his ceasing to live with a child (a) before the age of 6 and (b) between the ages 
of 6 and 16. 

parents provide support for higher education. Monetary investment in a child 
should, therefore, become even more important as the child matures so that invest- 
ment after age 16 may be particularly critical in its impact on a child's adult level 
of embodied capital. Calculations of lifetime earnings show that workers who do 
not finish high school can expect to earn $0.6 million whereas hofders of profes- 
sional degrees will earn $3.0 million in spite of their shorter employment careers 
(Population Reference Bureau 1994). 
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Effects of age to which men lived with both parents on their education and 

We first regressed education and income on respondent’s age and ethnicity. Fig- 
ure 9.10 presents the effects of years raised by both parents on the residuals of 
completed education and current income. As predicted, we found a negative effect 
of a child having had a parent cease to live with him before age 16 on both his edu- 
cation and adult income. The effect was stronger on education than income. This 
parallels the strong effect reported above on the probability of ceasing to live with 
own child; that is, the negative effect is strongest for men who ceased to live with 
both parents during their school-age years compared with those who ceased to live 
with a parent during their early childhood. 

It is interesting that the negative impact of not being fully raised until the age 
of 16 is stronger on education than on adult income. At this point we do not know 
what mediates this effect. Education may be a better proxy for the total value of 
lifetime earnings than current wages (Kaplan 1994). It might also be that the 
impact of father loss is strongest during the year it occurs and hence children’s 
educational progress is disturbed and never made up. Children whose fathers leave 
during the preschool years have time to adjust to their loss before entering school. 

This leaves the question as to why being separated from father during the pre- 
school years has such a minimal impact since such a child is also deprived of his 
father’s support during both school-age and later years. One possible answer is 
that fathers who leave early are more readily replaced by stepfathers who buffer 
the economic consequences of separation from the genetic father. Remarriage of 
a young woman without children is more likely than for a woman encumbered 
with children from her first relationship (Buckle, Gallup, and Rodd 1996). How- 
ever, remarriage after divorce is only marginally affected by the number of 
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children the mother had by a previous marriage; by far the most important variable 
is her age (Mackey 1980). It is quite likely that the relatively low effects of our 
measure of ceasing to live with a child before the age of 6 on child outcome 
reflects the probable low age (and probable high fecundity) of the child’s mother 
and the relatively good prospects of her replacing lost investment in the household 
through her remarriage. For example, Mackey found that in the late seventies, sin- 
gle women aged 14-29 with children by a previous marriage had a 57.2% rate of 
remarriage. Women aged 30-39 had a 30.9% likelihood of remarriage, and by the 
age of 40-49 (end of fertility) the rate had dropped to 11%. These data strongly 
suggest that the men who are willing to help raise the children from a woman’s 
previous relationship (see Figure 9.5) do so when these women still have the capa- 
bility of producing children in the new relationship. 

Outcomes for Children Who Are Raised by Men Not 
Their Genetic Fathers 

As presented above, children who are raised by men not their genetic fathers are 
most likely to be children of his current mate. As such, this is a form of mating 
effort. We have two outcome measures that tell us something about men’s will- 
ingness to invest in children not their own and the complex relationships between 
genetic relatedness to the child and the presence of the child’s mother in the house- 
hold. These results come from analysis of our long interview, which was given to 
a subsample of 1,325 men of which 642 men raised 1,246 children who went on 
to receive at least a year of higher education, about half of whom received some 
male parental support (Anderson, Kaplan, and Lancaster, 1999; Kaplan and Lan- 
caster, this volume). Table 14.6 (in Kaplan and Lancaster, this volume) presents a 
logistic regression model of the probability of a man providing financial support 
for a child’s higher education. The effects of genetic relatedness and the respon- 
dent’s relationship to the child’s mother are interesting. Children are divided into 
four groups. Children who live in intact families (the genetic offspring of the 
respondent and whose mother is still living with the respondent) are the baseline. 
Not surprisingly, they receive the most monetary investment. 

The next highest level of investment is given to (a) a genetic offspring whose 
mother is separated from the respondent and (b) to an unrelated child whose 
mother is Iiving with the respondent; they both receive over $2,000 less investment 
than the child of an intact family. The very least investment is given to a child who 
is not the genetic offspring of the respondent and whose mother no longer lives 
with him, a decrease of $4,600 below the baseline. 

This reduction in investment is costly to a child who is raised by a man who is 
or was living with his mother or whose father no longer lives with his mother. 
Table 14.7 (in Kaplan and Lancaster, this volume) presents the least squares 
regression of the number of years of education obtained by children aged 23 and 
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older raised by the respondent. Again, using intact families as the baseline, we find 
strong effects of both genetic paternity and the respondent’s current relationship 
to the child’s mother. A child who is not genetically related to the respondent but 
whose mother was living with the man when the child was 18 achieves about .75 
years less education than a respondent’s genetic offspring whose mother was liv- 
ing with him at 18 years of age. Genetic offspring of the respondents whose moth- 
ers ceased to live with the respondent before the child turned 18 achieve about 1.3 
years less education, whereas a child who is not a genetic offspring and whose 
mother ceased to live with the respondent before the child turned 18 achieved 2.6 
years less education. In this case the child of a woman who is living with the man 
does better than his own genetic offspring whose mother did not live with him at 
age 18. 

Taken together, these results suggest that although investment made by a man 
in his current mate’s child from a previous relationship is not as great as he rnight 
make if he and the woman were both genetic parents of the child, it is nevertheless 
significant and not very different from what he might do for his own child after 
divorce. However, the power of a woman to extract investment for her child from 
a man unrelated to the child but with whom she was once but is no longer living 
is greatly diminished. Male parental investment as mating effort clearly depends 
on the continued presence of his mate. 

SUMMARY 

1. Between 1990 and 1993 Kaplan and Lancaster’s Albuquerque Men project 
completed approximately 7,100 short and 1,250 long structured interviews with a 
representative, random sample of men in Albuquerque recruited at the New Mex- 
ico Motor Vehicles Division (Kaplan et al. 1995a, b). The short interview sampled 
a man’s current condition: mostly demographic information on three related gen- 
erations, the man himself, his parents, and the children he produced andor raised 
himself. The long interview was a history of employmendtraining , reproductive 
relationships, and children produced and raised. Most of the results presented here 
come from the analysis of the short interview given to 3,762 Anglos and 2,789 
Hispanics. Our analyses of men’s investment in children’s education came from 
the long interview, which contained much more specific information about invest- 
ment in each child at specific ages. 

2. Men who do not fully parent are more likely to have low amounts of embod- 
ied capital as measured by their income, education, and early age of first repro- 
duction and hence inflict lower costs on their offspring for ceasing to live with 
them than do men with high amounts of embodied capital. 

3. The outcome of ceasing to live with a child before it reaches age 16 is a 
slight elevation in the father’s fertility (child quantity) up through the Baby Boom 
years but not for the succeeding Post-boom cohort. However, this result may be an 
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artifact of the fact that many of these men may not yet have ceased producing chil- 
dren. 

4. Men who raise other men’s offspring are more likely to raise a child who 
belongs to his current mate (mating effort) or his own relative (kin investment). 
Only 15% of men who raised offspring of other males raised a stranger child or 
children of friends or neighbors. 

5. Outcomes for children who are not raised by both parents show negative 
effects on both adult education and income of the child and increased likelihood 
of the child not forming stable reproductive relationships as an adult. The effect of 
ceasing to live with a father is strongest when it occurs during the school-age 
years. This is true for both its effects on the probability of ceasing to live with own 
children and on future educational and economic outcomes of children whose 
fathers ceased to live with them before adulthood. 

6. Outcomes for stepchildren who are raised by men other than their father are 
reduced investment compared with children who live with their genetic fathers. 
However, they do experience nearly equal investment both before the age of 18 
and for college education as that of a man’s genetic child whose mother does not 
live with him. However, if the child’s mother and stepfather separate, his invest- 
ment in his stepchild plummets. 

7. In sum, there is clear evidence that genetic paternity is relevant to male 
parental investment. Men invest less in children from their previous mates’ unions. 
While expenditures on young children are not affected by genetic paternity (see 
Kaplan and Lancaster, this volume), both time investment and support during the 
college years is greater for genetic offspring than for a mate’s child. In addition, 
full investment in a mate’s child is contingent on a continuing relationship with 
that partner. Men cease to invest in a child after they stop living with the child’s 
mother, unless the child is aIso the genetic offspring of the man, and even then, 
support is reduced significantly. The effect of those reduced investments is also 
seen in child outcomes, with children who are raised by men other than their 
genetic father or who are not fully raised by their father achieving lower educa- 
tional outcomes (even after parental income and education are controlled for). 
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APPENDIX 

Data for Figure 2 

Anglo Hispanic 

Cohort N S. D. S. E. N S. D. S. E. 

1930 200 0.3 1 0.02 86 0.31 0.03 
1940 719 0.27 0.01 318 0.33 0.02 
1950 I297 0:3 1 0.01 829 0.27 0.0 1 
1960 1577 0.4 1 0.01 1614 0.36 0.0 1 
1970 929 0.46 0.02 1193 0.45 0.0 1 

Data for Figure 3 

No High School High School B.A. M.A. or Greater 

Cohort N SD S.E. N SD S.E. N SD S.E. N SD S.E. 

1930 103 0.22 0.02 140 0.23 0.02 26 0.27 0.05 19 0.32 0.07 
1940 232 0.30 0.02 486 0.21 0.01 177 0.20 0.01 142 0.14 0.01 
1950 394 0.20 0.01 956 0.19 0.01 429 0.15 0.01 347 0.18 0.01 
1960 498 0.29 0.01 1599 0.27 0.01 592 0.27 0.01 502 0.22 0.01 
1970 382 0.35 0.02 2014 0.36 0.01 591 0.34 0.01 511 0.26 0.01 
1980 208 0.43 0.03 1116 0.38 0.01 371 0.34 0.02 320 0.29 0.02 

Data for Figure 4a 

Lowest Income Highest Income 
Quartile Quartile 2 Quartile 3 Quartile 

Cohort N SD S.E. iV SD S.E. N SD S.E. N SD S.E. 

1930 72 0.26 0.03 56 0.23 0.03 59 0.22 0.03 42 0.26 0.04 
1940 226 0.30 0.02 212 0.21 0.01 228 0.21 0.01 190 0.16 0.01 
1950 413 0.24 0.01 457 0.21 0.01 514 0.16 0.01 483 0.14 0.01 
1960 665 0.31 0.01 744 0.26 0.01 757 0.26 0.01 762 0.21 0.01 
1970 748 0.42 0.02 844 0.33 0.01 875 0.30 0.01 772 0.32 0.01 
1980 428 0.45 0.02 453 0.37 0.02 504 0.32 0.01 508 0.30 0.01 
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Data for Figure 4b 
~ ~~ ~~~~~ ~ 

Lowest Income Highest Income 
Quartile Quarrile 2 Quartile 3 Quartile 

Cohort N SD S.E. N SD S.E. N SD S.E. N SD S.E. 

1930 70 0.34 0.04 56 0.29 0.04 59 0.28 0.04 42 0.38 0.06 
1940 226 0.34 0.02 212 0.29 0.02 228 0.30 0.02 190 0.22 0.02 
1950 413 0.35 0.02 457 0.28 0.01 514 0.27 0.01 483 0.27 0.01 
1960 665 0.45 0.02 744 0.39 0.01 757 0.37 0.01 762 0.33 0.01 
1970 439 0.49 0.02 523 0.45 0.02 524 0.42 0.02 463 0.42 0.02 

Data for Figure 5 .  Age at First Reproduction 

< 20 years 

Cohorr N SD S.E. 

1930 35 0.17 0.03 
1940 64 0.24 0.03 
1950 160 O A 1  0.03 
1960 346 0.46 0.02 
1970 245 0.47 0.03 

20-24 years 25-29 years 30+ years 

N SD S.E. 

178 0.34 0.03 
406 0.31 0.02 

1030 0.32 0.01 
1834 0.40 0.01 
1167 0.47 0.01 

N SD S E .  N SD S E .  

55 0.23 0.03 
335 0.27 0.01 
526 0.24 0.01 
707 0.34 0.01 
464 0.41 0.02 

18 0.38 0.09 
232 0.29 0.02 
410 0.23 0.01 
304 0.33 0.02 
246 0.38 0.02 

Data for Figure 6a 

Lived with all to age 6 Did not live with one fo age 6 

Cohort N SD S.  E. N SD S. E. 

1910 400 1.26 0.06 30 1.66 0.30 
1920 3 16 1.51 0.08 18 2.05 0.48 
1930 402 1.41 0.07 65 1.78 0.22 
1940 607 1.01 0.04 157 I .53 0.12 
1950 388 0.96 0.05 144 1.26 0.11 

Data for Figure 6b 

Lived with all to age 16 Did not live w/ one to age 16 

Cohort N SD S. E. N SD S.  E. 

1910 375 1.26 0.07 54 1.52 0.2 I 
1920 29 1 1.51 0.09 43 1.75 0.27 
1930 347 1.44 0.08 110 1.56 0.15 
1940 375 1.10 0.06 23 2 1.32 0.09 
1950 60 1.36 0.18 57 1.52 0.20 
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Data for Figure 9a. Length of time father lived with both parents 
~ 

Until <6 years old 6-16 years 1 6 i  years 

Cohort N SD S.E. N SD S.E. N SD S.E. 

1930 57 0.19 0.02 46 0.36 0.05 185 0.20 0.01 
1940 220 0.25 0.02 139 0.20 0.02 678 0.22 0.01 
1950 569 0.17 0.01 254 0.19 0.01 1303 0.19 0.01 
1960 761 0.28 0.01 350 0.28 0.01 2080 0.26 0.01 
1970 845 0.36 0.01 358 0.41 0.02 2295 0.33 0.01 
1980 458 0.38 0.02 204 0.46 0.03 1353 0.35 0.01 

Data for Figure 9b. Length of time man lived with parents 

<6 yrs 6-1 6 yrs 16+ yrs 

Cohorr N SD S.E. N SD S.E. N SD S.E. 

1930 55 0.19 0.03 39 0.22 0.04 175 0.22 0.02 
1940 205 0.14 0.01 133 0.21 0.02 644 0.21 0.01 
1950 553 0.21 0.01 245 0.31 0.02 1254 0.24 0.01 
1960 694 0.33 0.01 321 0.32 0.02 1934 0.33 0.01 
1970 444 0.39 0.02 176 0.40 0.03 1214 0.37 0.01 

Data for Figure 10 
~~ ~ 

Educatioiz Income 

Years Lived N SD S. E. N SD S. E. 

<6 1062 1.17 0.04 1062 4.75 0.15 
6 to 15 602 1.23 0.05 602 2.50 0.10 
>I5 4199 1.18 0.02 4199 3.54 0.05 
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10 
Female-biased Parental Investment and Growth 

Performance among the Mukogodo 

LEE CRONK 

One of the boldest predictions about behavior to come out of evolutionary biology 
is the idea that in certain circumstances parents should be expected to bias their 
investment in favor of one sex of offspring or the other. Previous work among the 
Mukogodo of Kenya (Cronk 1989b, 19906, 1991b, 1993) has provided tentative 
support for this prediction in one human society, where parents appear to be bias- 
ing their investment in favor of daughters, who tend to have better marital and 
reproductive prospects than sons. This chapter reports on new research among the 
Mukogodo that both confirms and elaborates upon the earlier findings. 

THEORETICAL BACKGROUND 

Sex biases in parental investment and the closely related topic of sex ratio evo- 
lution have been important topics in evolutionary biological theory since Fisher 
(1934) explained why parents in a population should, on average, invest equally in 
sons and daughters. Fisher’s reasoning was as simple as it was powerful. Because 
every individual in a sexually reproducing, diploid species gets half its nuclear 
genetic material from its mother and half from its father, selection should favor 
parents who invest equally in daughters and sons because a single unit of invest- 
ment in an individual of one sex will have the same effect on a parent’s fitness as 
it unit invested in the other sex, 

Later theoreticians explored circumstances in which selection might favor 
individual parents who bias their investment in favor of one sex or another. Hamil- 
ton (1967), for example, examined circumstances in which siblings of one sex 
compete with one another for mates. In such situations, the competition makes 
individuals of the competitive sex more costly to produce from the point of view 
of the parents than individuals of the other sex, and so selection should favor par- 
ents who produce more of the other sex. Subsequently, others explored situations 
in which one sex of offspring is more expensive than the other because it competes 
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with parents or siblings for resources (local resource competition; see Clark 
1978), situations in which one sex of offspring is cheaper than the other because 
it provides resources that benefit parents or siblings (local resource enhancement; 
see Gowaty and Lennartz 1985), and situations in which one sex of offspring is 
cheaper because it enhances the mating success of parents or siblings (local mate 
enhancement; see Sieff 1990). 

Those models are all essentially refinements of Fisher’s principle in that they 
predict that overall parental investment in sons and daughters, including not only 
investments that parents can control but also those they cannot, will be equal 
(Cronk 1991b; see also Hoogland 1981). Robert Trivers and Dan Willard (1973) 
broke from this pattern by proposing that in some circumstances natural selection 
should favor parents within a population whose overall investment is truly biased 
in favor of one sex of offspring. Specifically, they hypothesized that where the 
reproductive prospects of sons and daughters differ in ways that can in some way 
be predicted from the situation of the parents, selection should favor parents who 
invest more heavily in the offspring with the better prospects. Among polygynous 
mammal species, for example, the variance in reproductive success is typically 
greater among males than among females, and so the conditions in which individ- 
uals are reared may have a greater impact on male than on female reproductive 
success. If an individual’s rank, physical condition, or access to resources is 
affected by his or her parents’ condition, then parents in good condition should 
favor sons because a very successful son will be more successful than a very suc- 
cessful daughter. Parents in poor condition, on the other hand, should favor daugh- 
ters because an unsuccessful daughter will still be more successful than an 
unsuccessful son. 

Though the Trivers-Willard hypothesis was greeted with skepticism (e.g., 
Williams 1979), eventually the effects it predicts were observed in a variety of 
nonhuman species (see Clutton-Brock and Iason 1986; Gray 1985; Hrdy 1987, 
1988). Evolutionary Biology and Human Social Behavior: An Anthropological 
Perspective (Chagnon and Irons, eds. 1979) included some of the earliest tests of 
the model with data from human societies. Chagnon, Flinn, and Melancon (1979) 
tested the hypothesis among the Yanornamo, predicting that headmen and men 
who belong to larger lineages would have more male than female offspring. Their 
reasoning was that headmen are prestigious and respected individuals who have, 
on average, more than twice as many offspring as other men (Chagnon 1979) and 
that men in large lineages are at an advantage compared with men in smaller lin- 
eages because they have larger numbers of allies. Neither prediction was sup- 
ported by the data. Chagnon and colleagues suggested that the failure of the model 
may be due to a lack of fit between the conditions that must be present for it to 
apply and the circumstances of the Yanomamo. Specifically, in that particular pop- 
ulation there may be very little correlation between the size of a man’s lineage or 
his individual status in the community and the reproductive prospects of his 
offspring. 
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In that same volume, Mildred Dickemann presented data on male-biased 
parental investment from three historical societies that do seem to have the pre- 
conditions required by thelTrivers-Willard model. Among the elites of feudal north 
India, imperial China, and medieval Europe, high-status males generally had bet- 
ter reproductive prospects than their sisters, and parents appear to have biased 
investment in favor of sons. The details of the male bias vary from case to case. In 
north India during the late seventeenth and early eighteenth centuries, for exam- 
ple, members of the ruling Jhareja subcaste reportedly lulled almost all female 
infants. Female infanticide was also common among other high-status groups in 
that region while being rare or absent among lower-status groups. These two stud- 
ies helped demonstrate the strength and promise of the new Darwinian paradigm 
in at least three ways. First, they showed the ability of the paradigm to direct 
researchers’ attention to topics, such as sex biases in parental investment, that had 
previously received little attention from anthropologists. Second, they demon- 
strated the power of the new approach to help make sense of previously unex- 
plained observations, such as the Indian infanticide data. Third, they demonstrated 
the determination of those working in this new field to adhere closely to the stan- 
dards of scientific method, including Popperian falsificationism. This helped to set 
the stage for the study described in this chapter. 

THE MUKOGODO 

The Mukogodo are a low-status, impoverished group of Maasai-speaking pas- 
toralists in north-central Kenya. Until early in the twentieth century, they were a 
relatively isolated group of hunter-gatherers and beekeepers. They lived in small 
rockshelters in the Mukogodo Hills, spoke a unique Eastern Cushitic language 
called Yaaku, and married among themselves, paying beehives as bride-wealth. As 
a result of population growth and population movements caused by British colo- 
nial policies, during the first few decades of the twentieth century the Mukogodo 
came into increasing contact with a variety of Maasai-speaking pastoralist groups, 
including not only large and famous groups like the Samburu and the Maasai 
themselves, but also smaller groups like the Digimi, Ilng’ wesi, and Murnonyot. 
Intermarriage with Maasai-speakers, which always involved livestock rather than 
beehive bride-wealth payments, led to a situation in which Mukogodo males had 
to obtain livestock in order to get married. Subsequently, the Mukogodo rapidly 
lost their old way of life, including their old language, and adopted the language, 
culture, and subsistence patterns of their new Maasai-speaking neighbors (Cronk 
1989a). 

The Mukogodo transition to pastoralism transformed them from a group of rel- 
atively independent hunter-gatherers to the bottom stratum of a regional hierarchy 
of wealth, status, and marital success (Cronk 1990a). The transition was so recent 
that typical Mukogodo herd sizes are still far behind those of neighboring groups. 
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Maasai-speakers look down on the Mukogodo and refer to them by the derogatory 
term il-turrobo because of their recent history as hunter-gatherers, a way of life 
considered suitable only for wild animals, and becauseyntil recently they spoke a 
language other than Maasai (see Galaty 1979 for details on the concept of il-tor- 
robu). As a result of their poverty and low status, polygyny rates are lower and 
men’s ages at first marriage are higher among the Mukogodo than among neigh- 
boring groups. However, the difficulties that Mukogodo men have in obtaining 
wives are not experienced by Mukogodo women, all of whom get married, often 
to men from wealthier neighboring groups. 

FEMALE-BIASED PARENTAL INVESTMENT 

The difference in the reproductive prospects of Mukogodo males and females 
sets the stage for a test of the Trivers-Willard hypothesis, which would predict that 
Mukogodo parents should favor daughters over sons. Between 1985 and 1987 I 
conducted fieldwork among the Mukogodo and collected data relevant to this pre- 
diction. The first hint that there might be female-biased parental investment came 
from their childhood (ages 0-4) sex ratio, which in 1986 was equivalent to 67 boys 
for every 100 girls. Although good data on the sex ratio at birth was impossible to 
come by owing to Mukogodo women’s reticence to discuss child deaths, there 
seemed little reason to believe that the bias was due to any sort of physiological 
mechanism affecting the survivorship of male sperm or fetuses, and other data 
sources suggested that the sex ratio bias was due to unusually high male childhood 
mortality produced by greater parental solicitude toward daughters. For example, 
some data suggest that Mukogodo daughters may have been nursed longer than 
sons ( p  < 0.10; see Cronk 1989b, 1991b). Data from a local dispensary and a 
clinic run by Roman Catholic missionaries showed a statistically significant ten- 
dency for Mukogodo parents to take their daughters for medical care more often 
than their sons. This tendency did not appear among parents from neighboring 
Maasai-speaking groups. Those groups have been marrying each other and the 
Mukogodo since early in this century and are culturally almost indistinguishable 
from one another, making it highly unlikely that this is due to any cultural differ- 
ence among the groups in, say, beliefs about childcare or about boys’ and girls’ 
needs for medical treatment. 

All of these data support the predictions of the Trivers-Willard model: Muko- 
godo parents appeared to be favoring the sex with the best reproductive prospects. 
This does not, by itself, rule out other possible explanations. For example, it may 
be that Mukogodo parents favor daughters over sons not (or not only) because of 
their superior reproductive prospects, but rather (or also) because of the bride- 
wealth payments they attract. If this were true, then men with more daughters from 
their first marriages should have more wives subsequently than men with few or 
no daughters from their first marriages, and men with more sisters should have 
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more wives than men with few or no sisters, because of the ability of men to use 
the bride-wealth attracted by their daughters and sisters to obtain more wives for 
themselves. Neither prediction is supported by the data. In a sample of 220 Muko- 
godo men, there is a low (Pearson’s coefficient = 0.1 11) and statisticalJy insignif- 
icant ( p  [one-tailed] = 0.1) relationship between numbers of daughters from their 
first marriages who survived to age 15 and their total numbers of wives. In fact, 
the mean number of wives for men with one or more daughters from their first 
marriages who survived to age 15 (1.320) is actually lower than the mean number 
of wives for men with no such daughters (1.333), though the difference is not sta- 
tistically significant ( p  > 0.25). Similarly, only a very slight (Pearson’s coefficient 
= 0.095) and statistically insignificant ( p  = 0.084) negative relationship was found 
between men’s numbers of wives and their numbers of full sisters surviving to age 
15 ( N  = 330). The lack of a relationship among these variables probably reflects 
the difficulty of Mukogodo poverty. Mukogodo men lend and borrow a great deal 
of livestock, and it may be the case that most Mukogodo men who receive live- 
stock as bride-wealth must tend to their debts rather than use the windfall to obtain 
additional wives for themselves or their sons. 

CAREGIVER BEHAS7IOR AND CHILDREN’S 
GROWTH PERFORMANCE 

The 1986 research established that there was reason to believe that the Muko- 
godo were favoring their daughters over their sons and that this behavior fit the 
predictions of the Trivers-Willard model. However, the limited measures of 
parental behavior and the lack of details about the effects of biased parental invest- 
ment on the children themselves raised new questions. Accordingly, I returned to 
the Mukogodo from May through August of 1993 to explore the details of every- 
day childcare and their effects on boys’ and girls’ growth performance, health, and, 
uItimately, survivorship. To assess patterns of parental investment, I collected sev- 
eral different types of data, including systematic observations of the behaviors of 
caregivers and children, mothers’ reports on their children’s morbidity, and usage 
statistics for two local clinics. To assess children’s growth performance, I col- 
lected basic anthropometric data, including recumbent length, weight, and head 
circumference. 

The Sample and Its Characteristics 

Upon arrival I surveyed all of the Mukogodo settlements within reasonable 
walking and driving distance of my home base at Kuri-Kuri Primary School, 
located about three kilometers outside the Mukogodo Division headquarters town 
of Don Dol. Parents were able to provide exact birth dates, which are often 
recorded on immunization record cards by the staffs of local clinics, for almost all 
of the youngest children in the area. For children with unknown birth dates, I used 
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tooth eruption patterns to help estimate ages (Townsend and Hammel 1990). I also 
collected tooth eruption data for the children with recorded birth dates, and the 
close fit between age estimates based on tooth eruptions and those based on 
recorded birth dates was reassuring. Children under 30 months old were the 
intended focus of the study for two reasons, one practical and the other theoreti- 
cal. On a practical level, tooth eruption patterns become unreliable as indicators of 
age after about 30 months. On a theoretical level, I wanted to concentrate my 
attention on the youngest children because they are the most dependent upon 
parental care and hence potentially the most vulnerable to variations in its quality 
and quantity. However, in order to achieve the desired sample size, two children 
slightly outside this age group, a girl aged 32 months and a boy aged 31 months, 
needed to be included as well. Good birth date information was available for both 
of those children. The twenty boys in the study ranged from five months to 31 
months old, with a mean age of 17.5 months. The twenty girls ranged from one 
month to 32 months old, with a mean age of 11 -35 months. 

The Focal Follow Data 

Using methods pioneered mainly by ethologists (e.g., Altmann 1974) and later 
adapted by human behavioral ecologists and anthropologists (Borgerhoff Mulder 
and Caro 1985; Gross 1984; Hames 1992), I conducted systematic behavioral 
observations, called “focal follows,” on all forty children in the sample. At two 
separate randomly chosen times between 6:30 A.M. and 6:30 P.M., I amved unan- 
nounced at the home of each child and conducted an hour of observations. The 
identity of each caregiver, caregiver behaviors, and the behaviors of the child were 
all checked off on prepared sheets every fifteen seconds, as indicated by a watch 
alarm that I muffled with a heavy cloth and carried in my shirt pocket. I recorded 
such caregiver behaviors as an estimate of the number of meters between the care- 
giver and the child, whether the caregiver was holding the child in his or her arms 
or in a sling, any touching of the child, any vocalizations directed toward the child, 
and other behaviors such as dressing, washing, and feeding. I recorded such child 
behaviors as position (lying, sitting, standing, etc.), vocalizations, crying, feeding, 
nursing, and sleeping. At the end of each hour of observations, I compensated the 
main caregiver in charge, usually the child’s mother, with a small cash payment. 

From the original observations I have derived three simple and straightforward 
indicators of caregiver solicitude: the mean distance between the caregiver and the 
child, the proportion of time the caregiver was observed holding the child, and the 
proportion of time the child was observed to be nursing. Of course, these are not 
meant to be seen as independent or completely separate measures of solicitude: a 
nursing child is usually being held, and a child who is either nursing or being held 
has a caregiver-child distance of zero. The means for all of these indicators are 
biased in favor of females (Table 10.1). This by itself is not surprising given that 
the females are younger, on average, than the males, and, of course, a few months 
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Table 10.1. Means for a variety of measures of caregiver solicitude, based on two hours 
of focal follow observations of each child. 

Distance 

A I1 Moth e rs Non- Child- 
caregivers only mothers holdingc Nursingd 

Boys 1.153 1.139 1.373 32.3% 4.3% 
Girls 0.379 0.319 0.637 58.7% 11 .O% 
All children 0.766 0.780 0.989 45.5% 7.6% 

a Mean caregiver-child distance estimate, in meters. 
b Non-nursing observations only 
c Mean percent of time children were held by caregivers 
d Mean percent of time children were nursed. 

Table 10.2. Regression coefficients for a variety of measures of caregiver solicitude. 

Regression coefficient 
for sex (0 = male, Regression coefJicient 

Deperzdeizt vnrinble Constant for age in rizoizths I = f en iak )  

Mean caregiver-child distance 
p (one-tailed) 

Mean proportion of time 
children were held 
p (one-tailed) 

Mean proportion of time 
children were nursed 
p (one-tailed) 

cared for by their mothers 
p (one-tailed) 

Proportion of time children were 

0.633 
0.0 I2 
0.606 
0 

0.144 
0 

0.65 1 
0 

0.030 
0.014 

-0.016 
0.002 

-0.006 
0 

-0.008 
0.154 

-0.592 
0.004 
0.165 
0.03 

0.032 
0.07 

-0.100 
0.098 

can make a big difference in the amount of time a child is held or nursed. How- 
ever, even when age is statistically factored out, a female bias in caregiver solici- 
tude remains. Table 10.2 shows the beta coefficients yieIded by regressions of the 
three indicators of solicitude against the children’s ages in months and their sexes, 
coded as a dummy variable. Another way to approach this is to calculate the cor- 
relation between sex and the three indicators of solicitude while controlling for 
age. Such partial correlation coefficients are obtained by regressing both sex and 
the three indicators of solicitude against age, saving the residuals, and then calcu- 
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lating the correlations between the residuals for sex and each of the indicators of 
solicitude. The partial correlation coefficients between sex and mean caregiver- 
child distance, proportion of time the child was held, and the proportion of time 
the child was nursed are -0.417,0.303, and 0.240, respectively. In sum, even con- 
trolling for age, the females in the sample tended to be closer to their caregivers 
and tended to be held and nursed more often than the males in the sample. The 
focal follows also provide a window onto a possible sex bias in nursing behavior. 
Part of the reason why the average proportion of time spent nursing is lower for 
boys than for girls is that while only the oldest female in the sample was never 
observed to nurse, seven males, one as young as 13 months, were never observed 
to nurse. 

The focal follows also provide information about who takes care of Mukogodo 
infants and toddlers. Primary caregiver observations are fairly evenly divided 
between mothers (49%) and other individuals, most often the focal child’s sister 
(16%). Surprisingly, mothers cared for the boys in the sample slightly more than 
the girls. However, a regression of the proportion of time each child was observed 
to be cared for primarily by his or her mother against age and sex yields small and 
nonsignificant regression coefficients (see Table l0.2), and the partial correlation 
between sex and the proportion of time each child was cared for by his or her 
mother is low (-0.167). Interestingly, the sex difference in mean child-caregiver 
distance is present for both mothers and others (Table 10.1). Setting aside 
instances of nursing, which bias the caregiver-child distance figures in favor of 
mothers over other caregivers, mothers still tend to stay closer to the focal children 
than do other caregivers (Table lO. l ) ,  but only slightly. The absence of any Iarge 
difference between the quality of care given by mothers and that of other care- 
givers matches the findings of Borgerhoff Mulder and Milton (1985) among the 
Kipsigis of western Kenya, where other caregivers actually tended to keep closer 
to infants than did mothers. In sum, there does not appear to be much of a differ- 
ence in the care given by mothers and others, and so the proportion of time a child 
is cared for by his or her mother does not seem to be a very good indicator of solic- 
itude. Therefore, the lack of any significant correlation between this variable and 
sex is not surprising. 

Morbidity and Medical Care Reports 

After I conducted an hour of focal follow observations on a child, I then asked 
the child’s mother, if she was present, whether the child had been ill the day before 
and what, if any, treatment was given. The girls’ mothers were available to answer 
this question after all focal follows. They reported that their daughters had been ill 
on the previous day 19 (47.5%) times. Fourteen of those times (74% of 19) they 
were taken for treatment to the clinics run by the local Roman Catholic mission or 
the local government. Five of those times (26% of 19) they were given no treat- 
ment. The boys’ mothers were available to answer this question at 37 of the 40 
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focal follows of boys. They reported that their sons had been ill on the previous 
day 22 times (59% of 37). Seventeen of those times (77% of 22) they were given 
treatment either at one of the local clinics (14 times) or with purchased, over-the- 
counter medicines (3 times). Five of those times (36% of 22) they were given no 
treatment. None of these differences is statistically significant. 

Clinic and Dispensary Visits 

Data for 1992, the last complete year before the field season, were collected for 
several different categories of clinic and dispensary use. Mukogodo children were 
identified by their surnames. Table 10.3 shows data for visits by children ages 0-4 
from the Don Do1 Roman Catholic dispensary. The Mukogodo figures are for the 
entire year, while the non-Mukogodo figures are for a random sample of 25 days 
from throughout the year. As in 1986, there is a male bias for the non-Mukogodo 
and a slight female bias for the Mukogodo, but the bias is no longer statistically 
significant (x2 = 1.904,~  > .05; cf. Cronk 1989b). Table 10.4 shows the same sort 

Table 10.3. Visits by children ages 0-4 to the Don Do1 Roman Catholic dispensary, 1992, 
by ethnic group, sex and type of visit. 

Mukogodo' Non -Mukogodo 

Mules Females Males Females 

New Repeat New Repeat New Repeat New Repeat 
Visit Visit Visit Visit Visit Ksit Visit Visit 

n 51 48 63 41 76 36 66 31 
N 99 (49%) 104 (51%) I12 (53%) 97 (47%) 

a. AH patients treated during 1992 ages 0-4 with recognizably Mukogodo surnames. 
b. Based on a random sample of 25 days from throughout 1992. 

Table 10.4. Visits by children ages 0-4 to the Don Do1 government clinic, 1992, by eth- 
nic group, sex and type of visit. 

~ ~~ ~ 

Mu kogodo' Non-Mukogodob 

Males Females Males Females 

New Repeat New Repeat New Repeat New Repeat 
Wsit Visit Visit Visit Visit Visit Esit Visit 

n 71 39 67 38 57 9 34 14 
N 110 (51%) 105 (49%) 66 (58%) 48 (42%) 

a. All patients treated during 1992 ages 0-4 with recognizably Mukogodo surnames. 
b. Based on a random sample of 25 days from throughout 1992. 
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of data, collected in the same way, from the local government-run clinic, showing 
a slight male bias in clinic use among the Mukogodo and a very strong male bias 
among non-Mukogodo. The male bias in government clinic use among the non- 
Mukogodo is so strong that the Mukogodo figures are actually significantly 
female-biased (or at least less male-biased) in comparison (x2 = 4.00, p < .OS) .  In 
sum, although the female bias in clinic and dispensary use among the Mukogodo 
does not appear to have been as strong in 1992 as in 1986, Mukogodo parents do 
not appear to have anything like the strong male bias shown by their neighbors. 

Anthropometry 

Following standard procedures (Frisancho 1990; Gibson 1990; Jelliffe and Jel- 
liffe 1989), I collected a variety of standard anthropometric data. Here I will report 
on height (measured as recumbent length), weight, and head circumferences. The 
height and weight data were analyzed with the help of EpiInfo (CDC 1991), a 
computer program developed by the Centers for Disease Control that provides 
weight-for-age (WAZ), height-for-age (HAZ), and weight-for-height (WHZ) z- 
scores by comparing children’s measurements to a standard body of reference data 
published by the National Center for Health Statistics (Department of Health, 
Education, and Welfare 1977a, 1977b). Those data are not assumed to represent 
ideal growth patterns; rather, they provide a benchmark against which we can 
compare the growth performance of children of different ages and sexes. Figure 
10.1 shows the means for boys and girls for all three measures of growth per- 
formance. By all three measures, the girls appear to be doing better than the boys. 
The differences for WAZ ( t  = 2.394, p c .025) and WHZ ( t  = 2.161, p < .05) are 
statistically significant, though the difference for HAZ ( t  = 1.61 1, p > .05) is not. 

The head Circumferences were compared with a body of reference data from 
the United States (Roche et al. 1987). The reference data are available for children 
at birth, at one month, at three months, and then at three-month increments up to 
twelve months, and at six-month increments after that. The sample children were 
compared to the data for the increment they had most recently passed. The results 
are inconclusive. The mean z-score for head circumferences is slightly greater for 
males than for females (0.135 vs. -0.727), but the difference is not statistically sig- 
nificant (p [one-tailed] > . O S ) .  

DISCUSSION 

My earlier work on sex-biased parental investment among the Mukogodo was 
a good example of chance favoring a prepared mind. When I originally began my 
research among them, I had no intention of looking at parental behavior and no 
hint that Mukogodo parents might favor one sex over the other, Fortunately, evo- 



Female-biased Parental Investment and Growth Pei$omance 213 

0 

-0.5 

-1 

-1 -5 

-2 

Girls 

Boys 

Height for age Weight for age Weight for height 

Figure 10.1. Mean height-for-age (HAZ), weight-for-age (WAZ), and weight-for-height 
(WHZ) z-scores for boys and girls in the sample. 

lu t ionq  theories of sex ratios and parental investment had been parts of my edu- 
cation going back to my first undergraduate course in biological anthropology, and 
I immediately sat up and took notice when my first rough age-sex pyramid scrib- 
bled in my field notebook revealed such a strong female bias in the childhood sex 
ratio. The data that I subsequently gathered almost as an afterthought on dispen- 
sary and clinic use was enough to convince many people that the Mukogodo 
appeared to fit the predictions of the Trivers-Willard hypothesis. 

The data collected in 1993 both corroborate and elaborate upon those from 
1986. Mukogodo parents and other caregivers not only are more likely to provide 
girls than boys with medical treatment, they also hold and nurse daughters more 
and maintain less distance between themselves and girls than between themselves 
and boys. Possibly as a result of these biases in caregiver behaviors, Mukogodo 
girls appear to have significantly better growth performance than Mukogodo boys. 
Recent research in other societies suggests that such a female bias among lower- 
status groups may be relatively widespread. Bereczkei and Dunbar (1997) have 
shown that Hungarian Gypsy parents tend to invest more heavily in daughters than 
sons compared with other Hungarians, as indicated by the sex ratio at birth, dura- 
tion of breast-feeding, length of education, and the likelihood that a birth of a girl 
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or boy is followed by an abortion. In keeping with the predictions of the Trivers- 
Willard hypothesis, Gypsy parents have more grandoffspring through their daugh- 
ters than through their sons, owing chiefly to a tendency toward hypergyny from 
that low-status group to higher-status non-Gypsy Hungarians. In a study of con- 
temporary Americans, Gaulin and Robbins (1991) found that women with annual 
household incomes of less than $10,000 or without an adult male present were 
more likely to breast-feed their daughters than their sons, and women without an 
adult male present tended to breast-feed their daughters an average of 5.5 months 
longer than their sons (see Cronk 1991b for more examples of female-biased 
parental investment possibly explained by the Trivers-Willard and other models). 

This study also helps to address some of the criticisms that have been directed 
at the earlier one. For example, Sieff (1990:32) suggests that “it is conceivable that 
[Mukogodo] daughters were discriminated against in terms of food allocation and 
consequently became ill more often,” leading their parents to take them to the local 
clinics more often. Neither the focal follow data on nursing frequencies nor the 
anthropometric data support the idea that Mukogodo boys are fed more gener- 
ously than girls. Sieff (1990:32) also criticizes the fact that “the data on reproduc- 
tive success of men versus women come from reproductive histories of adults 
while the evidence of investment favoring daughters comes from current chil- 
dren,” but it is hard to imagine how it could be otherwise. Although natural selec- 
tion would surely favor an ability among parents to be prescient about the 
reproductive prospects of their offspring were such an ability to arise, both phylo- 
genetic constraints and, ultimately, the physical laws of our universe conspire to 
make this virtually impossible. All that Mukogodo parents and we researchers 
have to go on when gauging their offspring’s reproductive potential is the way 
things are now. Thus, what Sieff identifies as a weakness of the study is actually 
one of its strengths. 

Fix (1990:36) has a different problem with the earlier study: “what has 
evolved? Mukogodo parents of females might have more grandchildren than those 
with male offspring, but a hereditary bias for producing females could not increase 
through natural selection because there is no consistency across generations.” As 
Sieff (1990:44) has explained, Fix assumes that the female bias is an obligate trait, 
while the bulk of research on sex-biased parental investment among both humans 
and nonhumans suggests that it is, in fact, a facultative trait. Even some insects 
have been shown to have the ability to facultatively alter the sex ratio of their off- 
spring depending on local circumstances (e.g., Werren 1980). Given that the abil- 
ity to adaptively adjust parental investment patterns has also been demonstrated 
among a variety of nonhuman primates and other mammals (see Clutton-Brock 
and Iason 1986), it is probably also a very ancient trait, shared not only by our 
entire species but also by a large clade of organisms of which humans are just a 
small part. The current situation among the Mukogodo may be helping to main- 
tain this trait in our species, but I know of no one who has ever argued that the 
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female bias observed there is either an obligate trait or isolated to the Mukogodo 
population. 

Another criticism of this type of research is that sex ratios are population 
parameters, not phenotypes, and hence not subject to natural selection. Unless 
selection is in fact acting on sex ratios at the level of the population, an idea con- 
sidered unlikely by most evolutionary biologists since the publication of 
Williams’s (1966) critique of group selectionism, then this criticism is absolutely 
correct. This is why a11 of my work on the Mukogodo has been phrased in terms 
of sex-biased parental investment, not the female-biased Mukogodo childhood sex 
ratio, which is only a symptom of the underlying behavioral phenomenon postu- 
lated to be a product of selection, There is also another sense in which the female- 
biased childhood sex ratio cannot be said to be either “adaptive” or “an 
adaptation.” As far as can be determined, the sex ratio at birth among the Muko- 
godo is the same as most human populations, in other words, slightly male biased. 
Hence the female bias in the childhood sex ratio is most likely the result of an 
excessive number of deaths among male infants. Dead baby boys are not adaptive 
for Mukogodo parents, and I have no evidence at all that Mukogodo parents 
engage in deliberate infanticide. The deaths of their sons are one of the costs of 
their behavior, not a benefit. If Mukogodo parents could somehow keep their 
daughters as healthy as they do while also keeping more of their sons alive, surely 
they would do so. Their situation simply does not allow them that luxury. 

Methodologically, this study helps to demonstrate the value of quantitative 
methods in the assessment of parental behavior and its effects. Casual observa- 
tions and subjective impressions are no substitute for the systematic recording of 
behavior and careful physical measurements. My own subjective impressions 
when I conducted this fieldwork, for example, were that I would find no signifi- 
cant differences between the growth performances of Mukogodo boys and girls 
and that no significant differences in caregiver solicitude toward boys and girls 
would be discerned in the focal follow data. I was wrong on both counts. It is sim- 
ply too easy for a casual observer, even one who is doing all of the anthropomet- 
ric measurements and recording all of the caregiver behaviors, to fail to notice 
subtle differences between different children and caregivers. 

Future studies of parental behavior will surely make further refinements in 
methodology. On a theoretical level, what is most needed now in this field is some 
clarification of the psychological mechanisms involved in sex-biased parental 
behavior, Specifically, it remains unclear what sorts of environmental cues parents 
are picking up on when they favor sons or daughters. One possibility is that they 
are looking at their condition, including their socioeconomic status, in a very gen- 
eral way, without any specific attention to the marital or reproductive prospects of 
their sons and daughters. Another possibility is that it is not the parents’ overall 
condition that matters but simply their expectations about their sons’ and daugh- 
ters’ reproductive prospects. The study of the Mukogodo does not help to clarify 
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this because both possibilities could explain the behavior of Mukogodo parents: 
We have no way of telling whether Mukogodo parents are reacting to their over- 
all socioeconomic status or to the relative marital and reproductive prospects of 
their daughters and sons. What are needed instead are studies in societies where 
socioeconomic status and the relative marital and reproductive prospects of 
daughters and sons have become disentangled. If, for instance, socioeconomic sta- 
tus is not a good predictor of the relative marital and reproductive prospects of 
sons and daughters in a particular society, but low-status parents still favor daugh- 
ters and high-status ones still favor sons, this would suggest that it is socioeco- 
nomic pure and simple, rather than some estimation of the reproductive prospects 
of sons and daughters, that is the essential cue. None of the existing studies of sex- 
biased parental investment directly addresses this issue, but Gaulin and Robbins’s 
(1991) study of poor American women suggests that low socioeconomic status 
alone may be enough to lead women to favor daughters over sons. 

As 1 have advocated elsewhere (Cronk 1995, 1999) future research should also 
explore the role of culture in the production of parental behavior. The relationship 
between culture and behavior in general can be difficult to understand, and confu- 
sion about the meaning of the term “culture” does not help. Unfortunately, many 
common definitions of the term culture actually include the category of behavior, 
making it impossible to tease them apart so that culture can be used in a mean- 
ingful way to help explain behavior. Following the lead of some cognitive, sym- 
bolic, and hermeneutic anthropologists (see Keesing 1974), many advocates of an 
evolutionary approach to behavior have begun to advocate limiting the term “cul- 
ture” to ideational elements (e.g., Barkow 1989;’ Cronk 1995, 1999; Durham 
1992). The definition that I use is simple and limited: culture is simply a shorthand 
for socially transmitted information. 

One window onto the culture of parenting is parents’ stated sex preferences for 
children. Table 10.5 shows the responses Mukogodo women gave in 1986 and 
1993 to a question about their desired family size and composition. The 1986 data 
were collected by Beth Leech during female reproductive history interviews with 
121 Mukogodo women; the 1993 data were collected by Scola Ene Matunge dur- 
ing female reproductive history interviews with the mothers of the 40 children in 

Table 10.5. Stated offspring sex preferences of Mukogodo women. 
_ _ _ _ ~  ____ 

Preference 1986 1993 

More boys 14 (12%) 

Even 4 4  (36%) 

Total 121 

More girls 9 (7%) 

No preference 54 (45%) 

10 (25%) 
2 (5%) 

12 (30%) 
16 (40%) 

40 
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the sample. In both cases, most mothers have no sex preference, but those who do 
express a preference are more likely to say that they prefer sons than daughters. 
Furthermore, the two mothers who expressed a preference for daughters in 1993 
may in fact have been expressing nothing of the kind. One of them was simply 
elaborating on the fact that she wanted no more children beyond the two daugh- 
ters and one boy she already had, while the other was actually hoping that her next 
child would be both a boy and her last child, which would have given her more 
daughters than sons. These kinds of mismatches between parents’ stated sex pref- 
erences for offspring and their behavior toward them may be quite common. In an 
earlier review of the literature on female-biased parental investment, stated pref- 
erences and behavior toward children did not match in either of the other societies 
(Ifaluk and Herero) for which both stated sex preferences of parents and data on 
parental care are available (Cronk 1991b; see Betzig and Turke 1986 and Burrows 
and Spiro 1957 for information on Ifaluk; see Pennington and Harpending 1993 
for information on the Herero). 

The stated male bias of Mukogodo parents may be surprising given the evi- 
dence about their actual behavior, but it is not surprising given the culture and 
beliefs of the Mukogodo and other Maasai-speakers. Maasai culture is very male- 
biased, and parents in Maasai-speaking groups routinely and openly express a 
preference for sons (see Jacobs 1973:403; Llewellyn-Davies 198 1 :339; Spencer 
1965:211). The statements of preference for sons may be best understood not as 
genuine attempts to convey their own behavioral tendencies but rather as attempts 
to conform to the norms of Maasai-speakers and to send the message that the 
Mukogodo should be considered legitimate “Maasai” rather than il-torrobo. In 
short, the value of those statements may have more to do with manipulation of the 
impressions of others than with communication of information (see Cronk 1994a, 
1994b, 1995; Dawkins and Krebs 1978; Krebs and Dawkins 1984 for more on this 
view of communication). 

Additionally, intermarriage between the Mukogodo and neighboring groups is 
quite common, so many of the Mukogodo mothers included in these studies were 
raised among non-Mukogodo groups. This both makes their stated preferences 
more understandable and reduces the likelihood that the Mukogodo will ever 
develop a female-biased culture of parenting that matches their actual behavior. 
Furthermore, although many anthropologists and other social scientists may be 
tempted by the notion that evolutionary biology may have a role to play in the 
explanation of human universals but that explanations of behavioral variations 
among human societies must be only in terms of culture, this is a good example of 
the fact that behavioral variations can occur among human societies in the absence 
of cultural variation. Despite the fact that the Mukogodo and other Maasai-speak- 
ing pastoralists share a stated, culturally encoded bias in favor of sons, their actual 
behavior towards sons and daughters varies according to their particular situation. 
Given that such behavioral variations are routinely found among nonhuman 
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species that do not have any significant amounts of culture, this really should not 
be surprising. If culture does have any role in the production of Mukogodo 
parental behavior, it may simply be in mitigating what otherwise would be an even 
stronger preference for daughters, as suggested by, for example, the data from the 
government-run clinic (Table 10.4). 

SUMMARY 

1 ,  Previous research among the Mukogodo, a group of Maasai-speaking pas- 
toralists in Kenya, has indicated that Mukogodo parents bias their investment in 
favor of daughters and that Mukogodo women have better marital and reproduc- 
tive prospects than Mukogodo men. 

Mukogodo favoritism toward daughters fits the prediction of the Trivers- 
Willard hypothesis that parents should bias investment in favor of the sex with the 
best reproductive prospects. 

Data collected in 1993 confirm and elaborate upon the earlier findings. 
Mukogodo parents and other caregivers remain closer to girls than to boys, hold 
girls more than boys, and nurse girls more than boys. As in 1986, Mukogodo par- 
ents show a female bias when compared with parents from neighboring groups in 
their use of local medical facilities. The growth performance of Mukogodo girls is 
superior to that of Mukogodo boys, with significant differences in mean weight- 
for-age and weight-for-height z-scores. 

The stated sex preferences of Mukogodo mothers are biased in favor of 
males, not females. This matches a male bias found in the cultures of all Maasai- 
speaking peoples and suggests that the female bias in Mukogodo parental behav- 
ior has little to do with culture. A comparison of the Mukogodo and other 
Maasai-speakers also provides a good example of behavioral diversity in the 
absence of cultural diversity. 

2. 

3. 

4. 
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11 
Why Do the Yornut Raise More Sons 

than Daughters? 

WILLIAM IRONS 

The Trivers-Willard hypothesis specifies conditions under which parents can be 
expected to invest more in offspring of one sex than the other (Trivers and Willard 
1973). Stable systems of social stratification in human populations appear to sat- 
isfy these conditions. The Yomut occupy a high position in a hypergynous hierar- 
chy of descent and ethnic groups and appear to raise more sons than daughters as 
a consequence. This chapter uses data from the Yomut to test the Trivers-Willard 
hypothesis. Survey data gathered in 1973-1974 and ethnographic data gathered in 
1965-1 967,1970, and 1973-1 974 are combined for this purpose. 

THE TRIVERS-WILLARD HYPOTHESIS 

In a polygynous breeding system, there is a greater variance in reproductive 
success among males than among females. This means that being above the pop- 
ulation mean has somewhat different consequences for males than for females. If 
we look at the portion of the population that is above the population mean in repro- 
ductive success, we will see that, within this group, males are on average more 
successful than females. They fall on average higher above the mean. This is sim- 
ply a restatement of the proposition that males have a higher variance in repro- 
ductive success. The situation in the portion of the population below the mean is 
a mirror image of this. Females below the mean are, on average, closer to the mean 
and therefore more successful than males. The original form of the Trivers-Willard 
hypothesis states that when the condition of offspring is predictable from the con- 
dition of a mother, natural selection should favor a facultative ability to invest 
more in the sex with the greater probability of a high reproductive success. In a 
polygynous population, this means that mothers should invest more in sons when 
maternal condition predicts high success and more in daughters when low success 
is predicted. 

223 
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Various forms of social stratification in human populations may create condi- 
tions fitting the Trivers-Willard model. For this to be the case, however, the sys- 
tem of stratification must be stable across generations so that the social rank of the 
offspring can be predicted from that of the parents. Systems of ethnic and descent 
group stratification associated with polygyny and hypergyny would seem to rep- 
resent one type of human social system that meets these conditions. Hypergyny 
refers to a tendency for women to marry men of higher status than the women’s 
natal group, or social rules allowing or encouraging such marriages. 

A social system of this sort enhances the pool of potential mates for men of the 
highest-ranking group. They have all the women of their own group and a number 
of women from lower groups as potential wives. In effect, they draw wives from 
the entire population. The system has the opposite effect on women in the highest 
group. They can only marry men of their own group and must compete with 
women from lower groups for access to these men. The situation is reversed in the 
lowest ranking group. Men of the lowest ranking group will have as potential 
mates only those women of their own group who do not marry up. Women at the 
bottom have the entire population as potential mates. For groups that are not at the 
top or the bottom of the hierarchy, the same trends in mating opportunities occur 
but in lesser degree. Men of groups near but not at the top experience a smaller 
enhancement of their mating pool, and those near but not at the bottom experience 
a smaller restriction of their mating pool. The situation is reversed for women. 

The Trivers-Willard hypothesis logically predicts that, in a situation of this sort, 
parents at the top of the hierarchy will bias their parental investment toward sons. 
The original hypothesis was phrased in terms of mothers only, but in human pop- 
ulations where both sexes invest significantly in rearing offspring, the prediction 
logically should apply to both sexes. This will occur, however, only if sufficiently 
similar conditions have occurred frequently enough in past human populations to 
cause the evolution of an ability to facultatively adjust the sex ratio in response to 
predictable differences in the reproductive opportunities of males and females. A 
study of the sort presented here is a test of whether or not human beings have such 
an adaptation. Tests of this sort in many different human populations will be nec- 
essary to resolve this issue. 

Thus the hypergynous-hierarchy version of the Trivers-Willard model predicts 
that the following conditions will occur together: (1) a social system with stable 
stratification in conjunction with polygyny and hypergyny, (2) greater average 
reproductive success for men than women in high-ranking groups, and the reverse 
in low-ranking groups, (3) biases of parental investment toward sons in the high- 
ranking groups, and the reverse in low-ranking groups. In terms of causation, the 
first condition, a stable ranking, causes the second condition, higher success for 
males at the top and females at the bottom. The second condition then causes the 
third condition as an adaptive facultative response by parents to the differences in 
reproductive success by sex. However, for purposes of testing with synchronic 
data the prediction evaluated here is simply that the three conditions will occur 
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together. A dear falsification of Trivers-Willard would occur if conditions 1 and 2 
existed but not condition 3. This would indicate the absence of the ability to make 
an adaptive facultative response to a situation in which one sex is predictably more 
successful than the other. The presumption would then be that such an adaptation 
did not evolve. An adaptation of this sort could only evolve if, in the environment 
of human evolution, parents could frequently use their own social status to predict 
the reproductive opportunities of sons versus daughters. 

THE YOMUT DATA 

The Yomut Turkrnen are one of several large Turkmen descent groups occupy- 
ing a contiguous area in Central Asian Turkestan. This area includes the current 
Republic of Turkmenistan (formerly the Turkmen Soviet Socialist Republic) and 
some immediately adjacent areas of neighboring countries. The data examined 
here were gathered among theyornut living in the part of Iran known as the Gor- 
gan Plain. This region is immediately south of the Republic of Turkmenistan and 
east of the Caspian Sea. The ethnography and recent history of the Yomut of the 
Gorgan Plain have been described elsewhere (Irons 1975). 

The demographic data used were gathered in northern Iran in 1973-1974 by 
myself, my wife Marjorie Rogasner, and Daniel Bates (Anthropology, Hunter Col- 
lege, CUNY). The data were gathered from a random stratified sample of house- 
holds from the Qojuk and Igdar descent groups in the vicinity of the city of 
Gonbad-e Kavus. The sample was stratified in such a way as to represent the 
wealthy and poor segments ofYornut society equally. The Qojuk and Igdar are two 
of a number of territorial subgroups of the Yomut. The Qojuk are a largely agri- 
cultural group and the Igdar are largely pastoral. (See Irons 1975 for details con- 
cerning these specific Yomut descent groups.) The data were gathered in the 
Turkmen language using a questionnaire written in Turkmen. The interviews were 
conducted by the researchers named above and by trained and closely supervised 
Turkmen interviewers. 

The questionnaires largely focused on demographic and economic data. These 
data include the reproductive and marital histories of all members of sample 
households, the household’s current wealth in land and livestock, and the house- 
hold’s patrimony of land and livestock at the time of its founding, Data on daugh- 
ters married out of the household and on sons who had separated to form 
independent households were also recorded. 

Age data, which are crucial to demographic analysis, were relatively easy to 
gather. The majority of adult Yomut, at the time of the survey, were not literate. 
However, they do know their ages. TheYomut keep track of their ages and of other 
events in the past with the aid of the cycle of twelve animal years brought to this 
region from the Far East by the Mongols in the thirteenth century. Every individ- 
ual knows the animal year of his or her birth and this makes it possible to pinpoint 
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the year of his or her birth. Most of the actual survey was conducted in theyear of 
the Leopard (bars yil), and any individual born in this year had to be either less than 
one, twelve, twenty-four, thirty-six, and so on. (The Turkmen Year of the Leopard 
corresponds to the Year of the Tiger in the more familiar Chinese version of the 
twelve-year cycle. There are other differences between the Turkmen and Chinese 
versions of the twelve-year cycle, but these differences do not affect the usefulness 
of the system as an aid to reckoning age.) Combining this information with a glance 
at the person in question makes determining age easy. Actually the Yomut them- 
selves are adept at moving from knowledge of a person’s animal year to his or her 
age, and most Yomut can state their age when asked. Some individuals respond by 
stating their animal year and then calculating their numerical age. A few individu- 
als need the help of bystanders to go from animal year to numerical age. On vari- 
ous occasions it is important for the Yomut to know their ages for religious 
purposes; for example, when one is old enough to be obligated to fast in Ramadan 
and say prayers five times a day. When one is 63 years of age, the prophet 
Mohammed’s age at death, one must celebrate by hosting a feast for the local com- 
munity. This sort of religious obligation presumably serves as part of the motiva- 
tion for keeping track of the year of one’s birth. 

The qualitative ethnographic data used here were gathered by Irons in thirty 
months of field research among the Yomut. This includes sixteen months of field 
research from December of 1965 to November of 1967, two months in the sum- 
mer of 1970, and twelve months from August of 1973 to August of 1974. The lat- 
ter field session in 1973-1974 included both the survey mentioned above and 
additional collection of qualitative ethnographic data. 

DESCENT AND ETHNIC GROUP STRATIFICATION 
AMONG THE TURKMEN 

The Yomut are near the top of a system of descent and ethnic stratification that 
entails strict hypergyny. Members of higher-ranking descent groups can take 
wives from lower-ranking groups but will marry their women only to members of 
their own or higher-ranking groups. (Most marriages among the Yomut are 
arranged by the parents of the bride and groom.) Most marriages are within the 
same descent and ethnic groups, as is preferred by all the groups involved. How- 
ever, some marriages are hypergynous and thus women to some degree flow up the 
social strata at marriage. Ethnic and descent identity is inherited from the father, 
so the children of women who marry up are members of their father’s group. The 
highest-ranking group is the Teke Turkmen, the next highest is the Yomut Turk- 
men, the next is the Goklan Turkmen, followed by the Ewlad Turkmen (these 
groups trace descent from the first four Khalifs), and then by local non-Turkmen 
ethnic groups. Among the non-Turkmen, those who speak a Turkic dialect are pre- 
ferred to those whose language (Persian or Baluchi) is foreign. 
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From the closing of the border with the Soviet Union in 1932 until the time of 
the survey, the Yomut had no contact with the main body of Teke and so for all 
practical purposes the Yomut were at the very top of the local hypergynous system 
of ethnic groups. In the survey sample, 8% of the wives of Yomut men were from 
lower-ranking groups. The men in the sample are married to 969 Yomut women 
and 82 non-Yomut women. The survey included questions about daughters and 
sisters married out of the sample households, and these questions found zero cases 
of Yomut women marrying non-Yomut men. There is one village of Teke living 
among the Yomut. These are people who fled the Soviet Union during the 1930s 
when the Soviets collectivized livestock. However, the survey revealed no cases of 
Yomut women marrying any Teke men. 

Thus the Yomut were effectively at the top of a hypergynous system of ethnic 
stratification. The result of this hypergyny is to increase the number of potential 
mates available to Yomut men. As Moslems, Yomut men are allowed four wives, 
but local customs limit the extent to which they can acquire multiple wives. Bride- 
wealth is high and is usually 2.5 times as high for a married man seeking a second 
wife as for a young man seeking his first wife. Usually only wealthy men take sec- 
ond wives while their first wife is still living and usually then only after their first 
wife is approaching the end of her fertile years. Thus polygyny occurs primarily 
among older, wealthy men. Seven percent of the men in the 1973-1974 sample who 
were 40 years old or older had two wives at the time of the survey. None had three 
wives simultaneously. Thus polygyny is limited, but not rare. Some men become 
polygynists when a brother dies and a leviratic marriage is arranged. These men are 
not necessarily wealthy, and they usually marry widows who have already pro- 
duced a number of children. The consequences for reproductive success are, thus, 
less than when a wealthy man marries a young virgin. Wealthy men who take a sec- 
ond wife later in life usually take a young virgin of lower social status. 

REPRODUCTIVE SUCCESS OF YOMUT MEN AND WOMEN 

There are several standard demographic measures of reproductive success that 
can be used to deterrnine whether one sex has a higher average reproductive suc- 
cess than the other. One such measure is the total fertility rate (TFR). This is the 
number of children that a woman (or man) will bear if she lives to the end of her 
reproductive years and follows the population’s average schedule of age-specific 
fertility rates (Howell 1979: 122-124, Pressat 1972: 188-189). The 1973-1974 
Yornut data yield the total fertility rates shown in Table 1 1.1. The rate for men is 
considerably higher than the rate for women, which could be taken as confirma- 
tion of the Tnvers-Willard model. However, there are some serious problems with 
using this measure to compare males and females. The reproductive lifespans of 
Yornut men and women are very different. The average age at reproduction for 
Yomut women is 30.1 and the average age at reproduction for men is 39.6. Other 
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Table 11.1 Standard Demographic Measures of Yornut Repro- 
ductive Rates 

Demographic Parameter Male Female 

Total Fertility Rate (TFR) 10.6 7.74 
Modified Net Reproductive Ratet 6.84 5.97 

?Net reproductive rate is usually the number of daughters born to women 
or the number of sons born to men. Here the parameter is the 
number of children of both sexes born to both women and men. 

things being equal, earlier reproduction is favored by natural selection, and the 
earlier reproduction of women might be taken as outweighing the disadvantage of 
a lower TFR. Another difficulty lies in the fact that the TFR is the number of chil- 
dren born to an individual who completes her or his reproductive lifespan. Yomut 
women do this when they reach age 50. Men do this when they reach age 75. This 
observation makes meaningful comparison of the two measures difficult. Also the 
male TFR is a somewhat unrealistic measure given the fact that life expectancy is 
well below 75 for Yomut men in the time period covered by the survey. Estimates 
of life expectancy for males in the time period covered by the survey are in the 
range of 42 to 45. 

Another conventionaI demographic measure that can be used to estimate the 
difference in reproductive success of Yomut men and women is the net reproduc- 
tive rate developed by Lotka and Fisher, This parameter combines the fertility and 
mortality rates. It is usually measured by applying the mortality and fertility 
schedules characteristic of the population to a hypothetical cohort of 100 or 1,000 
(or more) individuals born. Starting with this cohort at birth, the number of indi- 
viduals that will survive through each age interval of the reproductive life span is 
calculated using the mortality schedule. The number of births they will have dur- 
ing each interval is then calculated from the fertility schedule (Howell 
1979214-215, 273-274; Pressat 1972:350-355). The births this hypothetical 
cohort produces over a lifetime divided by the size of the cohort at birth is the net 
reproductive rate. The usual way to calculate the net reproductive rate is to esti- 
mate daughters born to women and sons born to men. This seems like a bad idea 
for purposes of comparing the relative reproductive success of men and women in 
a population that does not have a sex ratio of 100 at birth. Therefore, I have used 
a modified version of the net reproductive rate that includes all children for both 
men and women. This modified net reproductive rate seems more realistic, but 
there is still a problem surrounding the fact that the average ages at birth (the gen- 
eration length) for Yomut men and women are quite different. 

In view of these difficulties in comparing the relative reproductive success of 
Yomut men and women, I believe the best measure is a simple (but inelegant) 
empirical one. I have calculated the average number of living children for all men 
and women in the sample who are age 45 or older. The results are in Table 11.2. 
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Table 11.2. Reproductive Success of Yomut Men and Women 45 or Older 

Sample Size Ave. N L  Living Children Variance 

Men 267 
Women 216 

5.122 
3.868 

8.072 
7.088 

t = 37.1 df = 579 p < .001 

These results probably underestimate the differences, between the sexes, in repro- 
ductive success. Few women in the over-45 category will reproduce in the future, 
but many men over 45 will. The number of children born per woman after age 45 
in this population is about .25 children. On the other hand, the number of living 
children of a 45-year-old woman will decline as she ages because some of her chil- 
dren will die. In contrast, the number of living children for men 45 or over will 
change both because of births and deaths. The average number of births a man will 
have if he lives from 45 to 75 is 4.3. His chance of surviving from age 45 to his 
seventy-fifth birthday is .38, and therefore we can estimate that, after reaching age 
45, Yomut men will have 1.6 more children on average. (The chance of a woman 
over 45 surviving long enough to have a child is less of an issue since most women 
who do have a child after turning 45 do so soon after their forty-fifth birthday.) Of 
course the estimate of 1.6 more children after age 45 for men and of .25 for women 
apply only to those at the very beginning of this interval. Nevertheless, I think 
these data make the point that the number of living children for men over 45 is 
more of an underestimate than the comparable figure for women. The empirical 
figure for the number of living children is a little more than one child higher for 
Yomut men than for Yomut women, and the difference is statistically significant. 
The fact that the number for men is more of an underestimate than the figure for 
women makes it safe, in my opinion, to accept this result. Thus the data fit the 
Trivers-Willard model. 

EVIDENCE FOR GREATER INVESTMENT IN SONS 

The above evidence indicates that the combined forces of stable descent and 
ethnic stratification, hypergyny, and polygyny cause Yomut men to have more 
children on average than Yomut women. As noted, the Trivers-Willard hypothesis 
predicts that under these conditions parents should facultatively adjust their 
parental investment so as to favor sons. There are three bodies of evidence that can 
be used to test this prediction: qualitative ethnographic data, sex ratio data, and 
survivorship data. 

Qualitative Ethnographic Data 

The qualitative ethnographic data are the hardest to interpret, but nevertheless 
they do support the prediction of greater investment in males. The Yomut have a 
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stated preference for sons and express this preference in many ways (Irons 1975). 
When a son is born it is customary to celebrate. An animal is sacrificed and neigh- 
bors invited to feast. After the birth of a son, a member of the local community 
gives the Moslem call to prayer. This announces to the entire community that a son 
has been born. No such call is given for a daughter and no celebration is held. 

When a child dies, neighbors come to offer condolences, and it is customary to 
say to the bereaved, “May God give you another son!” This is said whether the 
deceased child was a boy or a girl. When a girl is born, especially if a series of 
births has produced girls, it is common practice to give the girl a name expressing 
a wish for a son. Names such as “BOY Needed” (Oghul Gerek) or “Last Daughter” 
(Songi Qiz) are common for girls, In general, concern for the health and well- 
being of sons tends to exceed that for daughters. 

If asked whether they prefer sons or daughters, Yomut invariably state a pref- 
erence for sons. However, the preference seems stronger among men than women. 
As Cronk demonstrates (Chapter 10, this volume), such publicly proclaimed pref- 
erences can be misleading. However, the data presented below support the view 
that in the case of the Yomut, the stated preference and actual behavior are in line. 
The main message the Mukogodo seem to be sending by saying they prefer sons 
is that they are true Maasai and that like other Maasai they prefer sons. This may 
be a case of trying to claim a higher ethnic status than many of their neighbors will 
grant them. The Yomut have no such reason to try to elevate themselves in the local 
system of ethnographic stratification. 

Yomut Sex Ratios 

A typical situation in human populations is that more boys are born, but they 
have a higher death rate than girls so that fewer survive to maturity. This means that 
as a cohort of newborns ages their sex ratio declines and eventually there is an 
excess of females (Alexander 1987:54-55; Fisher 1930: 158-160; Teitelbaum 
1972; Trivers 1972). Fisher explained how this situation can correspond to equal 
parental investment in male and female offspring. More males are born than 
females, but more males die before reaching the age at which parental investment 
is completed. Thus the average expenditure of effort in rearing a newborn boy is 
less than that for a newborn girl. More boys, but less investment per boy, can equate 
with equal investment in children of each sex, which is what Fisher predicted. 

As can be seen in Table 1 1.3, the Yomut do not exhibit this pattern of an excess 
of males at birth, but a sex ratio that declines in older age categories and eventu- 
ally arrives at an excess of females. The Yomut have a male-biased sex ratio in the 
older age categories as well. According to data gathered in a demographic survey 
in 1973-1974, this population has a sex ratio at birth of 112.2 males for every 100 
females. (Sex ratios are conventionally described as the number of males per 100 
females.) The sex ratio of the living population as a whole, according to these 
same survey data, is 1 11.7 males for every 100 females. Table 11.3 presents the 
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age-sex composition of the Yomut sample population. A statistical test to show 
that the sex ratio of newborns and the sex ratio of the total living population are 
not significantly different seems unnecessary given the size of the two samples and 
the close values of the two sex ratios. The numbers in Table 11.3 include only 
Yomut individuals. Married-in non-Yomut women are not included. Since we are 
looking for evidence that the Yomut raise more sons than daughters, the sex ratio 
of the population without married-in non-Yomut women is most relevant. 

Many theoreticians reason that in a polygynous population males evolved to be 
more competitive than females and as a consequence have a higher death rate at 
every age (Alexander 198754-55; Trivers 1972). The assumption is that males 
are inherently more vulnerable and, with equal nurturance by parents, males will 
have a higher death rate. The greater vulnerability of males is built into their devel- 
opmental and physiological processes. This appears to be a widespread cross- 
species pattern in polygynous species, and the human species clearly appears to 
have a history of polygynous breeding (Alexander 1974; Foley and Lee 1989; 
Wrangham 1987). If we accept this view, then the sex ratios of the Yomut are evi- 
dence of differential nurturance. It appears from these data that Yomut parents are 
more solicitous of the needs of sons than of daughters. 

Note that if Yomut men did not marry women from outside the Yomut popula- 
tion, the average reproductive success of men would be lower than that of women 
by virtue of the fact that there are more of them. The total number of children pro- 
duced in the next generation divided by the number of parents available in the pre- 
ceding generation of such a closed population would yield the average number of 
children produced. Since there are more men, the number of children per man 
would have to be lower, As Fisher (1930) observed long ago, when the sex ratio is 
unequal, the more numerous sex has diminished reproductive opportunities. How- 
ever, hypergyny, in effect, makes Yomut males the less numerous sex in their pool 
of potential mates. 

Survivorship Data 

The 1973-1974 data contain a record of everyone who died in a sample house- 
hold during the five years preceding the survey. This is a relatively small body of 
data since it covers only five years. Also since the population structure is sharply 

TubEe 11.3 Age-Sex Structure of Yomut Sample Population 

Age Internal Men Women Sex Ratio 

0-29 1567 1436 109.1 
30-59 503 432 116.4 
60+ 91 67 135.8 

Total Population 2161 1935 111.7 

- 
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pyramidal, there are few individuals and few deaths in the older age categories. 
The reproductive history data also contain a record of the survivorship of all off- 
spring born to living women in the sample, and to deceased wives of living men 
in the sample. This body of data is much larger because it covers a longer time 
period (roughly the 35 years preceding) and because the Yomut are a high-fertil- 
ity population. I draw on both bodies of data to see whether survivorship data sup- 
port the prediction that the Yomut invest more in sons. 

There are no data on nutritional status or focal follow data of the sort that has 
proven valuable in addressing the issue of per individual investment in sons or 
daughters in other societies (see Cronk, Chapter 10). Therefore the data on the 
question of per son versus per daughter investment are limited. Nevertheless, the 
survivorship data that do exist provide a test of the prediction of greater investment 
in sons. 

Table 11.4 summarizes the evidence on survivorship from these two bodies of 
data.2 The data on survivorship for the first 20 years of life are derived from the 
reproductive history data. Those for ages 20-44 are derived from the death regis- 
ter. As can be seen, the usual pattern of males having higher death rates at all ages 
does not hold for the Yomut. On the other hand, a simple reversal of this pattern 
also does not hold. From birth to age four, 72.5% of males and 75.4% of females 
survive. Here the more common pattern of higher male death rates is found. How- 
ever, for the fifteen-year interval following the first five years of life, there is no 
statistically significant difference in male and female death rates. There is only a 
statistically insignificant trend in the direction of lower mortality for males. From 
age 20 to an individual’s forty-fifth birthday, the situation changes dramatically 
and 97% of men survive, but only 88% of women. However, this later period is 
probably not related to parental investment. 

In my opinion, the most straightforward interpretation of these data is that 
Yomut parents are, overall, more nurturing toward their sons than toward their 
daughters. The extra nurturance toward sons is not enough to counteract the devel- 
opmental and physiological propensity of males to exhibit higher death rates. In 
the first five years of life (ages 0 through 4) males have a slightly higher death rate 
than females. From the fifth to the twentieth birthday, male and female mortality 
rates are the same. I take the equal mortality rates in the age interval 5-19 as evi- 
dence of greater nurturance of males. This is corroborated by the qualitative ethno- 
graphic data. The conclusion would be stronger with focal follows and nutritional 

Table 11.4 Survivorship Data: Percentage Surviving Various Intervals 

Age Inter va I Male Female z-score p - va lue 

0-4 
5-19 
20-44 

~ 

72.5% 75.4% 1.18 .04 
94% 93% 1 .o .16 
97% 88% 2.02 .02 
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status data. However, the evidence available does support the prediction of greater 
investment in males. 

A more skeptical interpretation of these data might hold that the Yomut treat 
sons and daughters equally for the first twenty years of life. Actually this inter- 
pretation flies in the face of strong qualitative data. Nevertheless some skeptics are 
inclined to reject all qualitative data. If this more skeptical interpretation were 
accepted, the Yomut would still have to be seen as investing more in sons than 
daughters because the number of sons reared is larger than the number of daugh- 
ters reared. 

I assume in interpreting these data that the period of parental investment corre- 
sponds to the first twenty years of life. One could argue that the first fifteen years 
would correspond more closely to the period. However, the death rates for males 
and females still do not show a statistically significant difference for the interval 
5-14. The conclusion would have to be the same. 

As in most human populations, there is no clear-cut point at which parental 
investment ceases (Irons 1975). Most children begin to contribute significant labor 
to their household at about age 15 (Irons 1980:455). Most women do not leave 
their natal household to take residence in their husbands’ patrilatera1 extended 
family until about age 18. The typical pattern is for young women to marry at 
about age 15, but not to take up residence with their husbands until around age 18. 
Then during the first year of coresidence with their husbands, they return fre- 
quently to their natal households for periods of a week or two. This first year of 
coresidence with their husbands is called the year of comings and goings (gidip 
gelyen viz). Also, a woman takes a dowry of variable value with her to her hus- 
band’s household. The dowry is usually, but not always, of little value compared 
with the bride-wealth that the husband’s family pays the bride’s family to contract 
the marriage. Deciding when in this process parental investment in daughters 
ceases is difficult. 

Males follow a different pattern. The age at which they marry is more variable, 
with wealthier men marrying younger. Often they do not marry till after their 
twentieth birthday, and when they do marry, their parents pay a large bride-wealth 
(almost always several times larger than the dowry) to contract the marriage. Fol- 
lowing this they stay in their parents’ household for a number of years (sometimes 
two decades or more) and contribute economically to the household through their 
labor. However, eventually they separate from their parents and form independent 
households, at which point they take a portion of their parents’ wealth with them 
as patrimony. Thus, in their early adult years their relationship with their parents 
involves a flow of benefits in both directions, and finding a point where parental 
investment ceases is difficult. It is possible that the flow of benefits during this 
period is equal in both directions, but that the flow is greater from parents to son 
(and daughters) for the first 15 years of life. Data analyzed in an earlier paper 
(Irons 1980:453-456) support this interpretation. Given this, the period of 
parental investment could be seen as ending at age 15. As noted above, whether 
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one uses age 15 or age 20 does not change the picture in terms of male-female dif- 
ferences in death rates during the period of parental investment. 

Despite these difficulties of interpretation, the most skeptical interpretation of 
the data supports the conclusion that the Yomut invest more in the rearing of sons. 

SUMMARY 

1 .  The Trivers-Willard hypothesis predicts that human parents will invest 
more in the rearing of sons when the following conditions are met: they are part 
of a population that is at the top of a hypergynous hierarchy of descent and ethnic 
groups, and their sons have the opportunity to marry polygynously. The Yomut 
meet these conditions, and therefore they are expected to invest more in the rear- 
ing of sons. 

The evidence available for testing this prediction consists of (a) qualitative 
ethnographic data on the relative value the Yomut place on sons and daughters, 
(b) data on sex ratios at various ages, and (c> data on the mortality and survivor- 
ship of sons and daughters. The survivorship data do not present a simple pattern, 
but the most reasonable interpretation of these data is that the Yomut invest more 
in the rearing of sons. The ethnographic data and the sex-ratio data support the the- 
oretical predictions in a simple, direct way. Overall, the evidence supports the pre- 
diction that Yornut parents will invest more in the rearing of sons. In terms of  
numbers, they very clearly raise more sons than daughters. 

Taken as a whoJe the data presented in this chapter support the Trivers- 
Willard hypothesis. The evidence supports the view that the Yomut rear more sons 
than daughters because of an evolved ability to facultatively adjust the sex ratio in 
the manner suggested by that hypothesis. Yomut men enjoy a higher reproductive 
success on average than Yomut women, and Yomut parents take advantage of this 
fact by raising more sons than daughters. 

2. 
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NOTES 

1. These life expectancy estimates were made by taking the empirical survivorship 
data for the first twenty years of life and looking for the model life table in Coale and 
Demeny 1966 with the best fit. The tables yielding best fit were South 11 and 12, These 
model tables give life expectancies for men of 42 years (South 1 1) and 47 years (South 12). 
Note the revised tables in Coale and Demeny 1983 are essentially the same in terms of life 
expectancy estimates. They differ only in the second or third decimal place. All of the other 
estimates of Yomut demographic parameters in this chapter are derived empirically from 
the 1973-74 survey data without use of Cole and Demeny’s models or any other model 
data. See Irons (1980) for a fuller explanation of the 1973-74 data. 

The data from the reproductive histories used here are the same as those used in 
Irons 1979 and 1980. The algorithm for calculating z-scores and p-values is explained in 
Irons 1980 and was developed by Clifford Clogg. 

2. 
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The Grandmother Hypothesis and 

Human Evolution 

KRISTEN HAWKES, JAMES F. O’CONNELL, 
NICHOLAS G. BLURTON JONES, HELEN ALVAREZ, 

and ERIC L. CHARNOV 

Humans differ from other primates in feeding their offspring long after weaning, 
and in their extended postmenopausal lifespans. Recent research among contem- 
porary hunter-gatherers suggests that these characteristics are evolutionarily 
related and tied to the use of low-variance, high-yield resources, such as deeply 
buried tubers (Hawkes, O’Connell, and Blurton Jones 1989, 1997). Where such 
foods are available, senior women can provision their daughters’ weaned off- 
spring, thereby enhancing the children’s survivorship and allowing their daughters 
to produce more children sooner. The resulting fitness increase for grandmothers 
favors extended postmenopausal Iifespans. 

This hypothesis has been tested with comparative data on several life history 
variables by using recent theoretical and empirical work which links the other life 
history variables with lifespans across a wide range of animal taxa (Charnov 199 1, 
1993; Charnov and Berrigan 1991, 1993). If human lifespans are extended 
because of grandmothering, and life histories are assembled as proposed on the 
basis of this work, then other features of human life histories (including age at 
maturity and birth rate) should differ in predictabIe ways from those of other pri- 
mates, especially the pongids. Analyses completed so far show that they do 
(Alvarez, 1999; Hawkes, O’Connell, Blurton Jones, Alvarez, and Charnov 1998; 
O’Connell et al. 1999). 

The grandmother argument challenges a fundamental hypothesis about human 
evolution, namely that our long childhoods are due to the development of the 
nuclear family, which evolved when husbandslfathers hunted to support their 
wives and offspring. Here we summarize the grandmother hypothesis and the life 
history patterns it may explain, note that it joins other challenges to the hunting 
hypothesis, and develop alternative predictions about human evolution based on 
the idea that mother-child food sharing and the grandmothering it permits are 
among our most important behavioral characteristics. 

237 
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THE ARGUMENT 

Grandmothering and Maternal Tradeoffs 

Recognition of the evolutionary importance of grandmothers was stimulated by 
research among the Hadza, a small population of traditional hunter-gatherers liv- 
ing in the Eastern Rift Valley, northern Tanzania (Blurton Jones et al. 1992; Kohl- 
Larson 1958; Obst 1912; Woodburn 1968). During several periods of fieldwork 
beginning in the mid-l980s, detailed quantitative data were collected on Hadza 
demography, settlement patterns, time allocation, foraging, and food sharing (Blur- 
ton Jones et al. 1996, and references therein). Among other things, this work doc- 
umented the unanticipated industry of senior women (Hawkes et al. 1989), the 
surprisingly active foraging of children (Blurton Jones et al. 1989), and the effect 
of children’s foraging capabiIities on mothers’ foraging tactics (Blurton Jones et aI. 
1994; Hawkes, O’Connell, and Blurton Jones 1995). While women were found to 
organize their foraging in ways that took advantage of resources children could 
exploit efficiently, they were also seen to target foods that youngsters could not han- 
dle for themselves. They could afford to take these foods only because returns were 
high enough to cover their children’s nutritional needs as well as their own. These 
same high rates were also earned by postmenopausal women (Hawkes et al. 1989). 
The help the older women provided by feeding their grandchildren was especially 
important when child-bearing women cut down their foraging with the arrival of a 
newborn, indicating a “division of labor” between mothers and grandmothers in the 
production of surviving youngsters (Hawkes, 0’ Connell, and Blurton Jones 1997). 

Grandmothers and Long Postmenopausal Lifespans 

This division of labor suggested a solution to the riddle of menopause in 
humans. In other apes, maximum lifespan is generally estimated at no more than 
about 50 years (Harvey and Clutton-Brock 1985). As this threshold is approached, 
all aspects of physiology, including fertility, decline in tandem. In humans, how- 
ever, the pattern is quite different: maximum lifespan is nearly 100 years, but fer- 
tility in women universally ends in about half that time, well in advance of other 
aspects of physiological frailty (Pavelka and Fedigan 1991). The question is how 
natural selection came to favor this distinctly human “postreproductive” compo- 
nent of life history. 

Many have assumed that the answer lies in Williams’s (1 957) suggestion that 
early termination of fertility would likely evolve when extended maternal care 
became crucial to offspring survival. Aging mothers who stopped bearing addi- 
tional offspring and devoted their reproductive effort to insuring the survival of 
children already born would leave more descendants than those who continued to 
bear new offspring unlikely to survive mother’s death. 

This stopping-early hypothesis continues to stimulate useful work (Hill and 
Hurtado 1991, 1996; Peccei 1995; Rogers 1993; Turke 1997), but there are good 
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reasons to be skeptical about it. Other primates among whom extended maternal 
care is vital fail to show the predicted “early” end to fertility. In chimpanzees, for 
example, available data indicate low survival probabilities for late-borns (Goodall 
1986, 1989), yet a substantial fraction of aging females still continue to produce 
them (Cam et al. 1995). In humans maternal death has large effects on the survival 
of young offspring (Hill and Hurtado 1991) but life expectancy at last birth is 
decades longer than those critical years. Among the reasons for questioning the 
stopping-early hypothesis, the most compelling is that human reproduction does 
not end early in comparison with other apes. Our reproductive spans are at least as 
long as those of chimpanzees. The striking difference between us and the other 
great apes lies in our long average lifespans afler menopause. Schultz’s (1969) 
often reprinted figure makes the point (Figure 12.1) (see also Hill and Hurtado 
1991; Kaplan 1997). This feature, not menopause itself, is the derived human trait. 

Long average adult lifespans depend on low average adult mortalities. Adult 
mortality rates are directly linked to patterns of senescence, those age-related 
declines in performance readily observed as years advance. Evolutionary expla- 
nations for senescence depend on the fact that the force of selection declines with 
age (Medawar 1952). Because the risks of mortality accumulate over time, there 
are always fewer individuals in older cohorts for selection to affect. Deleterious 
mutations expressed before maturity may not be passed on at all; those acting after 
maturity are removed more slowly. Consequently deleterious effects on adaptive 
performance accumulate at later ages either because of mutation-selection balance 
or inter-temporal tradeoffs in reproductive effort (reviewed in Partridge and Bar- 
ton 1993). Mutation-selection balance is reached when the force of selection is no 
greater than the mutation rate. Thus deleterious mutations are removed no faster 
than they arise. Inter-temporal tradeoffs occur because the same genes that have 
positive effects on fitness at one time in an organism’s life history can have nega- 
tive effects at another. The net result depends on the tradeoff between these oppos- 
ing effects, and (other things equal) earlier effects weigh heavily. So genes that 
have positive effects at younger ages may be favored, even though they have neg- 
ative effects later in life. Those that have positive effects late in life will be disfa- 
vored if they have negative earIy effects. Senescence results from this antagonistic 
pleiotropy (Williams 1957). 

Grandmothering could slow aging by either process. It would strengthen selec- 
tion against late-acting deleterious mutations by increasing the fitness of longer- 
lived females through the increased reproductive success of their daughters. It 
would also change the tradeoffs between opposing effects expressed at different 
ages. Slower senescence generally comes at the cost of reduced fertility at younger 
ages (Kirkwood and Rose 1991) as more effort allocated to somatic maintenance 
leaves less for current reproduction. If ape lifespans are in equilibrium in terns of 
this tradeoff, then they age early by human standards because mutations that 
improve adaptive performance at later ages are selected against due to reductions 
they impose on fertility earIier in life. Regular mother-child food sharing could 
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perturb that equilibrium by increasing the fitness payoffs for late vigor as able sen- 
ior women earned fitness by feeding grandchildren. Increased somatic effort that 
slowed aging would allow less allocation to reproduction at younger ages, but the 
contributions of senior femaIes would increase the reproductive success of child- 
bearers more than enough to offset the reduced expenditure on current reproduc- 
tion by the childbearers themselves. Continued childbearing, on the other hand, 
which would conflict with grandmothering, would interfere with this cornpensa- 
tion and so be no more favored than in other ape species. According to this model, 
senescence in all aspects of physiology except fertility would be slowed as a result 
of grandmothering. 

Dimensionless Life History Patterns 

Recent work in life history theory provides a basis for further development and 
testing of this argument. Charnov (1991, 1993; Charnov and Beirigan 1991) has 
shown that life history patterns in large classes of organisms can be characterized 
by dimensionless invariants, numbers that capture relationships among certain life 
history variables because they remain constant across large transformations in the 
variables themselves. To explain these patterns, Charnov assumes stationary pop- 
ulations and so constrains the relationship among three demographic averages: the 
average rate of offspring production over the adult life span, the average length of 
adult lifespan, and the probability of offspring survival to maturity. Average adult 
lifespan sets tradeoffs that determine other life history variables. If grandmother- 
ing results in greater longevity, and the tradeoffs in Charnov’s mammal mode1 
apply, then other aspects of human life history should be affected accordingly. 

The mammal model assumes that production can be aIlocated to growing either 
oneself or one’s offspring. Growth is thus divided into two periods: (1) conception 
to independence (weaning), where growth is set by mother’s production (a func- 
tion of her size); and (2) independence to maturity (a), where growth is a function 
of an individual’s own body size. At maturity, production previously allocated to 
growth is redirected to babies. Growth rates are a function of body mass (W), a 
characteristic production coefficient (A), and an allometric exponent (c). Individ- 
ual growth rates take the form: dW/dt = AWc, where production energy at time t 
for an individual of body mass W equals the production coefficient times body 
mass to the c power. 

This model accounts for the correlations long recognized among life history 
variables and body size (Peters 1983) by tracing them to similarities in the pro- 
duction function. The model also accounts for correlations among Iife history vari- 
ables when the effect of body size is removed. Primates, for example, have slow 
life histories compared with other mammals of similar size (Harvey et al. 1989). 
Charnov’s model draws attention to the low primate A, averaging less than half 
that of other mammals. Primafes thus grow more slowly and have less production 
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(for a given size) to put into babies, So they are relatively small at a given age of 
maturity with low fecundity for size (Charnov and Berrigan 1993). 

Charnov assumes that, given adult lifespan, selection sets the duration of inde- 
pendent growth (a) according to the tradeoff between (1) the benefits of growing 
longer, and so having more production to put into offspring; and (2) beginning to 
reproduce sooner, and so having a greater chance to reproduce before dying. He 
captures key features of the mortality schedule by assuming an early burst of high 
mortality that incorporates any density-dependent effects. Mortality then drops to 
a constant adult level before age of first reproduction. Since the instantaneous 
adult mortality rate (M) (the inverse of the average adult lifespan) sets the time 
available to use the gains of growing longer, it determines the optimal age at matu- 
rity. As adult lifespan increases (adult mortality rate falls), selection favors 
delayed maturity to reap the gains of larger size. Thus, both a and M vary widely 
but inversely. Their product (aM) is approximately invariant. 

There is another constraint in this model. The size at which babies are weaned 
is a function of adult body size. For a sample of mammals (and €or primates sep- 
arately), the ratio of size at independence (weaning) to adult size ( W O N ,  = 8) is 
approximately constant (Charnov 1993). Since 6 scales almost isometrically with 
body size while production scales up with the growth ailometry (a power of about 
0.75 [Reiss 1989]), the size of weanlings increases faster with maternal size than 
does the production mother can put into them. Thus, annual fecundity, the number 
of daughters produced per year (b), goes down as age at maturity (a) goes up. 
Larger mothers produce larger but fewer babies, making a b  another approximate 
invariant. 

These assembly rules for mammalian life histories seem quite robust. The gen- 
eral fit of empirical patterns to the model predictions (since confirmed on other, 
larger data sets [Knobel and van Jaarsveld 1997; Purvis and Harvey 19951) sug- 
gests that it points to real tradeoffs that shape mammalian life histories. Several 
extensions of the basic model (Charnov 1993; Kozlowski and Weiner 1997) are 
discussed elsewhere but do not pIay a role in the comparisons made here. The 
invariants reveal natural scaling rules: some life history variables are adjusted to 
others. Fecundity depends on age at maturity; age at maturity is adjusted to adult 
lifespan. If ancestral human lifespans increased due to grandmothering, then that 
hypothesis combined with Charnov’s mammal model predicts distinctive effects 
on age at maturity, time or size at weaning, and fertility. 

Age at Maturity, Interbirth Intervals, Weaning Weights, 
and Fecundity 

In the dimensionless model, aM is approximately invariant because longer 
lifespans favor more advanced age at maturity. If fitness gains from growing 
longer continue to accumulate after menopause, then a should be adjusted to the 
complete adult life span, not just to the fertile component. Again Schultz’s graphic 



The Grandmother Hypothesis and Human Evolution 243 

(Figure 12.1) displays the contrast. Maturity in humans is delayed relative to other 
apes (Table 12.1). The delay is commensurate with our longer average adult life- 
spans (1lh.I). Consequently, aM remains approximately invariant across the homi- 
noids. (Alvarez 1999 considers a larger sample of primate species.) 

The grandmother hypothesis further implies that childbearing women will pro- 
duce babies faster than otherwise expected because of grandmothers’ contribution 
to that production. Human interbirth intervals (IBI) are shorter than those of other 
great apes (Table 12,l)-one thing wrong in Schultz’s classic comparison (Figure 
12.1). In principle, grandmothers might contribute to this pattern in either, or both, 

Tabb 12.1. Average Values for Selected Life History Variables 

Average 
Adult 

Lifespan‘ Age at Age at 
{ I/M) Maturity2 ~ e a r z i n g ~  a4 

Orangutans 17.9 14.3 6.0 8.3 
Go r i I1 a s 13.9 9.3 3.0 6.3 
Chimpanzees 17.9 13.0 4.8 8.2 
Humans 32.9 17.0 2.8 14.5 

~ ~ 

Ratio of 
Weight at 
Weaning/ Da ug h f e d  

Adult Year6 
a M  Weights 6 b ab 

.46 .28 .063 0.52 

.45 .21 .I26 0.79 

.46 .27 .087 0.70 
-44 .2 1 .142 2.05 

Notes 
1. The method described in Charnov 1993: 194 (caption to figure 5.6) is used to estimate average aduIt 

lifespan (1/M) from maximum observed lifespans (TmaJ: IfM = 0.4Tm,, - 0.1. Values fur 
orangutans: Leighton et al. 1995; gorilIas: Stewart et al. 1988; chimpanzees: Nishida et al. 1990. 
The human value is estimated from Howell’s (1979) oldest observed !Kung individual (aged 88) 
and Hill and Hurtado’s (1996) oldest observed (forest-living) Ache individual (aged 77). 

2. Age at first birth minus gestation. Orangutans: Leighton et al. 1995; gorilas: Stewart et al. 1988; 
chimpanzees: the mean of the means from Wallis (1997) for Gombe, Nishida et al. 1990 for 
Mahale, and Sugiyama 1994 for Bossou; humans: the mean of the mode for !Kung in Howell 1979 
and Ache in Hill and Hurtado 1996. 

3. Orangutans: GaIdikas and Wood 1990; gorillas: Stewart et al. 1988; chimpanzees: the mean of the 
estimate from Goodall 1986 for Gombe and from Nishida et al. 1990 for Mahale; humans: the 
mean of the median for !Kung in Howell 1979 and Ache in Hill and Hurtado 1996. 

4. Defined as the period of independent growth, from weaning to maturity. 
5. Data from Lee et al. (1990) for the great apes. Maternal size for orangutans is estimated to be 40 kg; 

gorillas, 93 kg; chimpanzees, 40 kg. In that data set, 6 far humans is 0.16 with maternal size at 
55kg (the upper end of the range far modem foragers who are generally smaller that either 
contemporary nonforagers or pre-Mesolithic modems). We use the mean of the !Kung (Howell 
1979) (who are at the lower end of the size range for modern foragers) and the Ache (Hill and 
Hurtado 1996) (who are at the upper end) to represent humans. 

6. Great ape data from Galdikas and Wood (1990j, who reappraise birth spacing in all species in the 
same way. We use medians calculated therein (for closed intervals) plus two months to 
approximate the mean interval; then divide by 2 to get the rate in daughters. Galdikas and Wood 
use the Gainj, a population of horticulturalists in highland Papua New Guinea, to represent 
humans, for which b = 0. I. 32. We use the mean of the !Kung (Howell 1979) and the Ache (Hill and 
Hurtado 1996). 
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of two ways: (1) by feeding lactating mothers and their still-nursing infants, 
thereby adding to the production that goes into babies, who then grow to inde- 
pendence faster; (2) by substituting shared food for mother’s milk, thereby allow- 
ing mothers to wean their infants before they reach independence. 

The second option is suggested by the Hadza patterns: grandmothers provision 
weaned grandchildren directly (Hawkes, O’Connell, and Blurton Jones 1997). If 
this practice were common in an ancestral human population, then it could have 
allowed mothers to wean infants early and at lower body weights (Hawkes, 
0’ Connell, Blurton Jones, Alvarez, and Charnov 1998). Weaning would then 
mark a shift to grandmother’s support, not feeding independence. If so, then 6 (the 
ratio of weaning weight to adult weight) should be low for humans relative to its 
values among other apes. 

As expected on the basis of the grandmother hypothesis, human 6 is lower than 
that for chimpanzees and orangutans. However, it is not lower than that for goril- 
las. Here we note two of the possible reasons for this failure of our expectation. 
First, the relatively low 6 for goriIlas couId be a reflection of the body size trend 
across the primates. Although the dimensionless model takes 6 to be approxi- 
mately constant, the ratio actually varies slightly, and negatively, with maternal 
size in both primates and other mammals (Charnov 1993; Purvis and Harvey 
1995; cf. Knobel and van Jaarsveld 1997). The average 6 for the primate order is 
around 0.33 (Charnov 1993:fig. 5.4). All great apes have 6 values lower than the 
primate mean (Table 12.1). The sample of apes is too srnaIl and too skewed by 
body size itself to allow a meaningful test of systematic effects of maternal size on 
6; but, given the trend of decreasing 6 with body size across the arder, we might 
expect a grandmotherless ape of human size to wean at a greater relative size than 
do the much larger gorillas. 

A second possibility is that the human 6 value reported in Table 12.1 (0.21), 
derived from a sample of two modern foraging populations, may be too high. Lee 
et al. (1990) report much greater variation in adult than weanling weights in 
humans. Ethnographically known foragers are small by pre-Mesolithic human 
standards. The human maternal and weaning weights provided by Lee and col- 
leagues come from a sample not restricted to foragers. The larger adult size might 
be more representative of Paleolithic modems. It gives a 6 of 0.16, well below that 
for any of the great apes. 

Other comparisons of primate weaning patterns are pertinent here. More than 
a decade ago, Lefebvre ( 1  985) developed, tested, and rejected an early-weaning 
hypothesis. He suggested that food sharing might be an alternative that allowed 
mothers to save the metabolic costs of lactation as well as the cost of delayed fer- 
tility imposed by lactational amenorrhea. In his sample, however, weaning age 
was no earlier for the two species of primates (chimpanzees and golden-lion 
tamarins) where parent-offspring food sharing is reported to be more frequent than 
for other nonhuman primates. He also noted that human weaning age did not dif- 
fer from the general primate pattern when regressed on adult weight, gestation 
length, and age at maturity. 
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Lefebvre’s focus was on weaning age, while 6 pertains to size. In Charnov’s 
mammal model, size varies with time, but rate of growth to weaning depends on 
the production function and so on both the coefficient A and the allometric expo- 
nent c. Since A is even lower for humans than for other primates (Hill and Hurtado 
1996), we require more time to reach a given size, or to grow offspring to a given 
size, than do other species in the order. A human mother nursing her baby for the 
same amount of time (Lefebvre’s measure) as the average nonhurnan primate of 
similar size “grows” it less. The addition of grandmother’s production could accel- 
erate infant growth (faster than expected, given our A), or acceleration could be 
combined with some reduction in weaning size as grandmother takes over pro- 
duction (see analysis across a larger sample in Alvarez 1999). 

The relatively high fertility of humans is actually much greater than suggested 
by direct comparison of IBIS with other hominoids. Across all mammals, includ- 
ing primates, fecundity (b) scales negatively with age at maturity. a b  is approxi- 
mately invariant. But if later maturity in humans is due to grandmothering, then 
grandmother’s contribution to production should have important countervailing 
effects that increase b. The a b  value for humans is more than double those of the 
other large-bodied apes (Table 12.1). As the grandmother hypothesis predicts, a b  
should be high because it incorporates the production of both mothers and grand- 
mothers. The baby production of the entire life span is concentrated in the child- 
bearing years. 

Combined with Charnov’s mammal model, the grandmother hypothesis pre- 
dicts several distinctive features of human life history, including long lifespans 
after menopause, late age at maturity, short interbirth intervals, and high fertility. 
Other hypotheses have been offered to account for each of these individually (Hill 
1993; Smith and Tompkins 1995), but grandmothering may explain all of them 
simultaneously. 

IMPLICATIONS 

The grandmother hypothesis suggests a different model of human evolution 
than the conventional one that makes men’s big game hunting and provisioning of 
mates and offspring the keystone human adaptation. Wide reliance on the hunting 
model continues in spite of accumulating reasons to reject it. Here we summarize 
its principle features and review critical shortcomings; then we outline an alterna- 
tive argument about evolutionary transitions based on the grandmother hypothesis 
and identify some possible archaeological tests. 

The Hunting Hypothesis: Review and Critique 

According to the hunting hypothesis, ancestral males took up hunting to pro- 
vide for their mates and children (Washburn and Lancaster 1968). Provisioning 
fathers made nuclear families basic social units; the sexual division of labor 
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permitted greater investment in children over longer periods of time (Lancaster 
and Lancaster 1983). This increased investment was favored because it allowed 
the development of improved cognitive and social skills and more social learning. 
Enhanced capacities for cooperation increased the advantages for males allied 
with kin to ensure the support and protection of their families. Uniquely human 
patterns of group composition and social behavior emerged as a result. 

The appeal of this model lies in its capacity to incorporate widely held ideas 
about human sociality and cognition, account for contrasts between human behav- 
ior and that of other primates, and draw support from the archaeological and 
horninid fossil records. Nonhuman primate males do not provision offspring; per- 
sistent, exclusive consort relationships are all but absent in communities with mul- 
tiple males. By contrast, among all ethnographically known human foragers, men 
hunt, women gather, and nuclear families are evident social and reproductive 
units. The support of hunting fathers is presumed to fund longer juvenile depen- 
dence, which allows the elaborated learning and cognitive complexity that results 
in the broad geographical dispersal, expanded tool kits, and distinctive social tra- 
ditions typical of humans. The putative material signature of this pattern, the asso- 
ciation of stone tools with the bones of large animals at central places, dates to the 
beginning of the archaeological record, and coincides broadly with the origin of 
genus Homo itself (Klein 1999). For many, this makes men’s hunting and meat 
sharing the fundamental framework around which all other aspects of human evo- 
lution were subsequently organized (Isaac 1978). 

This picture is so compelling that disputes within paleoanthropology over the 
past few decades have centered not on its basic features, but on when the charac- 
teristics it embodies first emerged. Initial arguments linked male provisioning with 
bipedalism, hunting, and the use of stone tools, and dated all of them to the begin- 
ning of the Pleistocene (Isaac 1978). This formulation was undercut by the 
demonstration that bipedality preceded clear evidence of either hunting or stone 
tool use by millions of years (Johanson and White 1979). Subsequent arguments 
placed the onset of male provisioning at one or another of several different points 
in the record, including the early Pliocene (Lovejoy 198l), based primarily on the 
date for bipedality; the Plio-Pleistocene boundary (Bum and Kroll 1986), based 
on possible evidence for the transport of large animal body parts to central places; 
and the mid-Upper Pleistocene (Binford 1985; Soffer 1992), based on a different 
interpretation of the animal body part data and other archaeologica1 evidence read 
to indicate the presence of nuclear family households. Where the date assigned is 
late, patterns in human or hominid social organization and food acquisition that 
prevailed earlier, and were sufficiently distinct from those of other primates to 
account for the formation of the archaeological record, remain essentially unirnag- 
ined (O’Connell 1995). 

The resilience of the hunting model is especially impressive in light of the 
weaknesses recently revealed in the proposed link between hunting and paternal 
provisioning. Chimpanzees have been shown to hunt much more frequently and 
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successfully than previously supposed (Boesch and Boesch 1989; Stanford 1996, 
1999; Wrangham and Bergman-Riss 1990). As with humans, hunting is a male 
specialty and the meat obtained is widely shared; yet chimps lack nuclear fami- 
lies, paternal provisioning, a sexual division of labor, and extended childhoods. 
The proposition that these are the evolutionary products of male hunting and meat 
sharing is accordingly undercut. 

The assumption that human males hunt to provision their families has also been 
challenged. Recent work among tropical hunter-gatherers shows that “encounter” 
hunting (sensu Binford 1980) is a risky business, even with relatively sophisti- 
cated projectile weapons. Among the Hadza, for example, where average rates of 
meat consumption are high, individual hunters fail to kill or scavenge large game 
on 97% of all hunting days (Hawkes et al. 1991). When a hunter is successful, the 
meat is widely shared, most going to individuals outside his nuclear family rather 
than to his own wife and children. Other strategies that would provision families 
more reliably with meat (small game hunting and trapping) are consistently 
ignored. Hunters would supply even more calories to their households by plant 
food collecting (Hawkes 1993). Similar patterns are observed among other low- 
latitude hunting populations where hunting supplies a collective good from which 
all benefit, regardless of their relationship with the hunter (Hawkes 1990). It is 
women’s foraging, not men’s hunting, that differentially affects an individual fam- 
ily’s nutritional welfare. 

Questions can also be raised about another key element of the hunting hypoth- 
esis: the notion that longer childhoods are favored because they expand human 
technological and social capacities and slulls. While it is now widely appreciated 
that humans are not the only tool-using animals, our dependence on technology 
has long been assumed to result from feedback between hunting and the extended 
childhoods for learning locally efficient tactics of resource acquisition that hunt- 
ing fathers support. But recent studies of modern hunter-gatherers indicate wide 
variation in the ages at which children begin to forage, even in broadly similar eco- 
logical circumstances (Blurton Jones et al. 1989, 1994). There is no indication that 
it takes long years of practice to acquire human foraging skills (Blurton Jones et 
al. 1997). 

The hunting hypothesis also includes the proposition that social learning was 
uniquely favored in humans when local groups of hunters cooperated to support 
and protect their mates and dependent offspring (e.g., Alexander 1990). Argu- 
ments about the selection pressures that social life places on the evolution of intel- 
ligence (e.g., Hurnphrey 1976) have drawn attention to the sophisticated capacities 
for social manipulation that characterize primates generally (Byrne and Whiten 
1988). Both competition for resources and the advantages of alliances (Harcourt 
and de Waal 1992) usually increase with group living, so the differences in social 
intelligence between humans and other hominoids, to say nothing of differences 
among species of nonhuman primates or social mammals generally, require addi- 
tional explanation. 
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A comparative picture that includes nonprimate and nonmammalian taxa does 
not support the supposition that long juvenile periods require increased parental 
investment, or that delayed maturity generally results in greater brain size when 
the effects of body size are controlled (Austad and Fischer, 1992; Charnov 1993; 
Harvey et al. 1979). Species with small brains may also have late ages of maturity 
for their size. Our long juvenile periods may have evolved for uniquely human rea- 
sons. But that can only be established if more general explanations fail. 

Finally, the inference that coalitions of male kin form the usual core of human 
and more generally hominid foraging communities is also open to question. Paired 
with the fact that male philopatry is the common pattern among chimpanzees, the 
patrilocality of hunter-gatherers stimulated the hypothesis that female natal dis- 
persal has characterized all descendants of our common ancestor (Foley and Lee 
1989; Rodseth et al. 1991; Wrangham 1987). The idea that modern human hunters 
are typically patrilocal dates at least to the early part of this century (Kelly 1995). 
It was briefly overturned in the wake of Man the Hunter (Lee and DeVore 1968), 
because the best studied cases discussed there were not patrilocal. Subsequently, 
the older view was resurrected by Ember’s ( 1978) tabulation of a larger sample of 
cases showing patrilocality to be the most common residential arrangement. The 
variation shown in these data is substantial: patrilocality is actually less frequent 
among non-equestrian, non-fishing-dependent hunters than in the societies in 
Murdock’s (1967) Etlznographic Atlas sample as a whole (56% vs. 7 1 %). 

Although humans might be expected to display more variation in social organ- 
ization with local ecology than any nonhuman primate species, the other descen- 
dants of our common ancestor with Pan vary much more than the widely repeated 
generalizations suggest. Among bonobos, where females form larger, more cohe- 
sive groups than do common chimpanzees, males do not display the territorial kin- 
based coalitions seen in the latter (Wrangham and Petersen 1996). Patterns of natal 
dispersal among chimpanzees vary within and between study sites. Five of the 
eleven resident female adults in the habituated population at Gombe did not emi- 
grate at maturity (Pusey et al. 1997). Fifi, an especially famous illustration, staying 
with her mother Flo, has logged the highest reproductive success ever recorded for 
a free-living chimpanzee (Goodall 1986; Pusey et al. 1997). At Tai, dispersal pat- 
terns are not yet documented, but the recent report that more than half the infants 
were not sired by resident males (Gagneux et al. 1997) raises fundamental ques- 
tions about male territorial alliances and suggests the possibility of low rates of 
female dispersal there as well. In the small chimpanzee population at Bossou, 
Guinea, male migration (often assumed to be ruled out in this species because 
stranger males would be killed by residents elsewhere) has been more frequent than 
female (Sugiyama and Koman 1979). A visit by stranger males at this site gener- 
ated great excitement, but no aggression from the resident males. In captivity, male 
chimpanzees show remarkable interest and facility in constructing and rnanipulat- 
ing alliances with unrelated stranger males (de Waal1982), patterns consistent with 
an evolutionary history in which those capacities were often useful. 
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The Grandmother Hypothesis: 
A Comprehensive Alternative 

These various challenges notwithstanding, the hunting hypothesis continues to 
form the core of most arguments about human evolution, largely, in our view, 
because of the absence of an alternative. The grandmother hypothesis provides 
one. Three directions can be nominated for future work. 

Local Group Composition. The grandmother hypothesis focuses attention on 
mother-child food sharing and the fitness payoffs available to coresident mothers 
and daughters that arise when resources that young juveniles cannot handle effi- 
ciently become important in the diet. As daughters grow, they acquire the strength 
and skill needed to help feed their younger siblings. When they mature, the assis- 
tance of aging mothers continues to enhance the benefits of proximity. From this 
perspective, long postmenopausal lifespans, late age at maturity, and high fertility 
suggest an ancestral pattern of co-residence among related females. 

The ethnographic record shows that among foragers the tendency toward 
matrilocality increases with women’s relative contribution to subsistence and 
(separately) with increased dependence on gathering (Ember 1975). The grand- 
mother hypothesis should stimulate increased attention to the activities of older 
women and explicit examination of the spatial proximity of mothers and daugh- 
ters. Even in cases classified unequivocally as patrilocal, female kin may often be 
co-residents and senior women contribute to the domestic workload of their 
daughters (e.g., Denharn 1974; O’Connell, unpublished Alyawara data). 

Grandmothers can certainly enhance their fitness by aiding sons, but evidence 
of grandmothering effects on human life histories points more strongly to moth- 
ers helping daughters. Mothers and daughters face similar tradeoffs, whereas sons 
must invest in mating competition (Hawkes, Rogers, and Charnov 1995). A food- 
sharing mother might attract females to her son’s group, but this would not assure 
her son paternity of those females’ offspring. His fitness would depend on his suc- 
cess in competing with other males. Winners of that competition would enjoy 
higher reproductive success whether or not their mothers contributed to the fertil- 
ity of their mates. Even if a grandmother could identify her son’s offspring and sin- 
gle out grandchildren to feed, her potential fitness gains through increased fertility 
of “daughters-in-law” would be devalued by the uncertain paternity of subsequent 
children more quickly born to the mothers of those grandchildren. 

Molecular studies may provide evidence about ancestral social organizations. 
Sex-biased patterns of dispersal can have characteristic effects on the relative vari- 
ation of mitochondrial and nuclear genes in descendant populations. The grand- 
mother hypothesis provides a rationale for the modeling needed to identify critical 
tests. According to one suggestive appraisal, patterns of variation in “small abo- 
riginal populations indicate that their genetic structure and levels of female dis- 
persal are similar to those in rnacaque populations,” where males but not females 
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usually disperse (Melnick and Hoelzer 1993:8). Further development of this 
approach is clearly in order. 

Extended Juvenile Periods and Social Learning. Primates generally have 
long juvenile periods compared with mammals of the same adult body size (Har- 
vey et al. 1989). If maturity is delayed when adult mortalities are low as explained 
in Charnov’s mammal model, then primate social intelligence could result as the 
“waiting time” is allocated to serve the juvenile’s fitness. Drawing the causal 
arrow from late maturity to learning (Janson and van Schaik 1993), instead of the 
other way around, may help explain the differences in cognitive elaboration 
between primates and other mammals {who, on average, have shorter juvenile 
periods for their body sizes, and face less within group competition), and also the 
differences among primate species, especially between humans and other apes. 

Evolutionary Scenarios. In principle, we expect grandmothering to have 
been favored under ecological conditions that promoted use of resources that yield 
high return rates to adults but that youngsters cannot handle efficiently on their 
own. Taking a lead from the Hadza case, such resources might have included 
(though need not have been limited to) tubers that require substantial upper body 
strength and endurance to collect, and various forms of treatment (especially 
roasting) to eliminate toxins and improve palatability and nutrient yield (see also 
Coursey 1973; Stahl 1984). Though tubers with these qualities are commonly 
exploited by ethnographicalJy known hunter-gatherers worldwide, they are gener- 
ally unimportant, if not entirely absent, in the diets of most other primates (Whiten 
and Widdowson 1992). They may have entered human or hominid diets initially 
either as a function of technological innovations that improved handling efficiency 
(e.g., adoption of digging sticks, development of controlled use of fire) or as a 
result of declines in the availability of less expensive resources previously favored. 
Such declines may have been caused by changes in climate, especially increased 
aridity and seasonality, and would in themselves have favored technological 
changes that improved efficiency in the exploitation of resources previously 
ignored (Hawkes and O’Connell 1992). 

As these new resources were adopted and the offspring provisioning they 
allowed became established, contingent adjustments in life history and ecology 
should have followed accordingly. Relatively small size at weaning, delayed matu- 
rity, and reduced rates of senescence in all aspects of physiology except fertility 
should have been among the results. Shorter IBI and relaxed density-dependent 
effects on juvenile mortality (Charnov 1991, 1993; Hill and Hurtado 1996) may 
have stimulated sharp increases in local population densities. Use of tubers in par- 
ticular may have permitted use of highly seasonal (especially arid) habitats previ- 
ously unexploited because of the inability of juveniles to feed themselves there 
efficiently. 

Currently available data strongly suggest that australopithecines and the earli- 
est representatives of genus Homo had life histories comparable to those of modem 
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pongids (Smith and Tompkins 1995). Subsequent adjustments in the direction of 
the modern human pattern, coincident with at least some of the proposed ecologi- 
cal and technological correlates, are evident at least three points in the prehistoric 
record: 

1. The initial appearance of Homo erectus (more narrowly, ergaster) about 
1.8 million years ago (Feibel et al. 1989) is associated with the acceleration of a 
long-term global climatic trend toward cooler, drier, more seasonal conditions and 
the expansion of savanna habitats (deMenocall995). H. erectus displays evidence 
for delayed maturity relative to earlier hominids (Walker and Leakey 1993; Clegg 
and Aiello 1999), significant expansion of geographical range (Swisher et al. 
1994), and (highly controversial) evidence for the use of fire (Gowlett et al. 1981). 
The possibility that grandmothering explains the evolution of Homo erectus is 
explored in detail in O’ConnelI et a1 (1999). 

Early archaic Homo supiens (up to 600,000 years ago; Clark et al. 1994) 
appears in the wake of a further shift toward cool, dry climates and is more widely 
distributed than previous forms, notably in cool temperate habitats in various parts 
of Eurasia (Roebrucks et al. 1992). Controlled use of fire is more dearly indicated, 
at least among later populations (James 1989). Maturity may be delayed longer 
than in erectus (Tompkins 1996), although recent work suggests that age at matu- 
rity in erectus may have been in the modern range (Clegg and Aiello 1999). 

The dispersal of anatomically modern Homo supiens (about 50,000 years 
ago) begins shortly after the sudden onset of the last glaciation. Not long ago some 
paleoanthropologists hypothesized that fully modem life histories appeared only 
with our species (Trinkhaus and Tompkins 1990), which enjoys unprecedented suc- 
cess in the exploitation of arid habitats, especially at high latitudes (Klein 1995). 

2. 

3. 

Further research is clearly required to determine the point at which modem 
human life histories and the adaptive advantages they provide first became estab- 
lished. The complexity of the record suggests diversity among horninids that has 
no modem counterpart. There is no reason to suppose that life history patterns 
must take either the modern human form or that of modern great apes. If the grand- 
motherless great ape pattern is one equilibrium, and the modern human pattern is 
another, what might set-and what perturb-additional equilibrium points? 
Answers to this question may offer leverage for explaining the diversity among 
hominids. [Recent reappraisal of the record (Wood and Collard 1999a,b) holds out 
hope of simplifying some of the diversity.] 

Mule Strategies. In focusing attention on links among female foraging strate- 
gies and features of female life history, the grandmother hypothesis may seem to 
be silent on males. But changes in the foraging strategies of women should have 
significant effects on the tradeoffs faced by men. For example, differences in the 
size of female groups, a variable directly related to feeding competition, have 
important consequences for male strategies in other apes (Wrangham et al. 1996). 
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Feeding competition among females should decline if extractive requirements, 
rather than resource density, limit return rates. If mothers and daughters also ben- 
efit from sharing food, larger and more cohesive groups should be common. The 
changes in female group size, foraging range, and the habitat expansion predicted 
to occur in association with grandmothering should therefore alter the competitive 
arena for males. 

One effect that the grandmother hypothesis could have on the investigation of 
male strategies is indirect. Since male provisioning is not required to account for 
our late maturity and high fecundity, this gives additional weight to the ethno- 
graphic observations that hunters are not supporting their families (Hawkes 1990, 
1993; Hawkes et al. 1991). Wider appreciation that paternal provisioning is not 
ubiquitous among foragers should invite alternative explanations for the long-term 
pairing of husbands and wives characteristic of humans. Mating patterns vary 
among the great apes, but all display clear male hierarchies in which high-ranking 
males succeed in claiming disproportionate mating access to fertile females 
(Furuichi and Ihobe 1994; van Schaik and van Hoof 1996; Watts 1996). In contrast, 
human foraging societies are often “egalitarian” (Boehm 1993; Fried 1967), and 
most adult men successfully claim mating priority for a particular wife. Because of 
assumptions about the central role of paternal provisioning, mating competition has 
been deemed less important among human males (cf. Chagnon 1979). More atten- 
tion paid to it should generate novel hypotheses about both the origins and mainte- 
nance of marriage (Hawkes 2000; Blurton Jones et al., Chapter 4, this volume). 

Given that most adults do marry, the life history patterns associated with grand- 
mothering have an additional implication. With long postmenopausal lifespans, 
the age profile of fertility no longer coincides with aging in most aspects of female 
adaptive performance. General health and competence become pour fecundity 
cues. Male preference for young partners, which sharply distinguishes men (Jones 
1996) from chimpanzees (Morin 1993), could be favored as a consequence. 

Combined with a dimensionless approach to life histories, the grandmother 
hypothesis shows that several distinctive human characteristics may be systematic 
variations on a general primate pattern. Novel ancillary predictions about behav- 
ioral patterns in the modem world, as well as in the past, follow. The development 
of theoretically warranted hypotheses quite different from those currently favored 
should contribute to our understanding of human evolution, whatever the outcome 
of further tests. 

SUMMARY 

1. Humans are unique among the great apes for the importance of mother- 
child food sharing and long postmenopausal lifespans. We elaborate a grand- 
mother hypothesis that identifies an evolutionary link between these features. 
Combined with a model of mammalian life histories, the hypothesis explains our 
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long lifespans with mid-life menopause, and also the late age at maturity, and high 
fertility that distinguish humans from the other apes. 

Without food sharing, mothers accompanied by young juveniles are tied to 
resources that youngsters can handle effectively for themselves. Sharing releases 
mothers to exploit resources that give high return rates to adults but not young 
children. The same high return resources allow other adults to help mothers feed 
dependent toddlers. Grandmothers who provide such help increase their own 
genetic success because their daughters can have more babies sooner. This divi- 
sion of labor between older women and their younger kin would strengthen selec- 
tion against senescence in all aspects of physiology except fertility. 

Some predictions of the grandmother hypothesis are tested by comparing 
human life history averages to those of the other great apes using Charnov’s model 
of life history invariants. Life history traits vary widely with body size, but they 
remain correlated with each other even when body size is removed. Charnov’s 
model explains the invariant relationship between key pairs of life history traits 
across transformations of body size and phylogeny. In his model adult mortalities 
(M) (the inverse of average adult lifespans) determine the optimal age at maturity 
(a) and rate of births (b). If long human lifespans are a consequence of grand- 
mothering, and Charnov’s model is approximately correct, then our age of matu- 
rity should be adjusted to the entire lifespan, not just the period from maturity to 
menopause; and our fertility rates should reflect the contribution of both mothers 
and grandmothers. Comparisons with the other hominoids show that human a M  
and ab values are consistent with this reasoning. The results show that grand- 
mothering can explain a cascade of adjustments long attributed to other causes. 

The grandmother hypothesis challenges the popular model in which men’s 
hunting to provision wives and offspring is key to the evolution of distinctively 
human patterns of social organization and child development. Although the hunt- 
ing hypothesis has been criticized from many directions, scenarios of human evo- 
lution continue to use it routinely in the absence of a comprehensive alternative. 
The grandmother hypothesis, with the life history adjustments it can explain, is 
such an alternative. We briefly consider implications for a range of ideas about the 
human past. 

2. 

3. 

4. 
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An Adaptive Model of Human Reproductive 

Rate Where Wealth Is Inherited 

Why People Have Small Families 

RUTH MACE 

Humans, like most large mammals, invest a great deal in each offspring. Compe- 
tition for parental investment can be fierce through the long period of childhood. 
In societies with high fertility, there is evidence that the lengths of both the pre- 
ceding and subsequent birth intervals influence the risks of mortality and morbid- 
ity of babies and young children (e.g., Alam 1995; Bohler and Bergstrom 1995; 
Madise and Diamond 1995). There is also evidence that older children compete 
for food (e.g., LeGrand and Phillips 1996; Ronsmans 1995). At maturity, siblings 
may compete for their parents’ heritable resources. There is considerable evidence 
that wealth is positively correlated with reproductive success in traditional soci- 
eties. When key resources like land or livestock are individually owned, resources 
inherited by children from their parents can be an important determinant of their 
future reproductive success (e.g., Low 1991 ; Mace 1996a). Thus evolutionary 
models of parental investment should help us to understand patterns of wealth 
inheritance. Parents would be expected to allocate resources among their children 
in such a way as to maximize their own long-term reproductive success. Crucially, 
wealth has the capacity to generate more wealth. 

In societies where inherited resources are crucial, children with no prospect of 
any inheritance may contribute little or nothing to their parents’ long-term fitness. 
The cost of feeding those children may even reduce the potential reproductive suc- 
cess of their siblings by reducing the wealth of the household. Thus decisions 
about how many children to have and how many resources to give each of them at 
the end of the parents’ reproductive lives will be related, and both are likely to 
depend on the wealth of the parents. All these features are characteristic of a tra- 
ditional, camel-herding community-the Gabbra. In this community, as in other 
pastoralist communities, wealth has been shown to correlate with reproductive 
success (Mace 1996a). The area the Gabbra inhabit in the north of Kenya is too 
arid for farming, so this group provides an example of a system where wealth can 
be quantified through one single measure (the size of the herd) and thus the 
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relationship between wealth and reproductive success can be investigated rela- 
tively easily. The model I present here is based on the Gabbra system (which is 
described in more detail below), but is general enough to apply to almost any sys- 
tem where inherited wealth is an important component of future wealth and future 
reproductive success. 

A large proportion of the research in human demography over the past few 
decades has focused on the demographic transition. This is the term used for a phe- 
nomenon observed throughout the world, when, in societies formerly character- 
ized by high fertility and high mortality, an increase in living standards and a 
decrease in mortality risks are generally associated with a decline in fertility. Most 
societies in the developed world underwent a demographic transition in the nine- 
teenth century or earlier; those in the developing world entered into it more 
recently, with Africa only just beginning the trend now. Most human populations 
are actually still growing rapidly, but the rate of growth is now declining virtually 
everywhere. A single socioeconomic correlate of the onset of demographic transi- 
tion has remained the elusive goal of demographers (Cleland 1995). Evolutionary 
anthropologists have, however, taken a broader, cost-benefit approach to under- 
standing determinants of family size. On the face of it, the observation of smaller 
families in the presence of enhanced resources represents a serious challenge to 
evolutionary theory; although a number of mechanisms by which some quan- 
titylquality tradeoff might be occurring have long been familiar to evolutionary 
ecologists, going back to Lack (1 968). 

I shall describe a decision-making model that is adaptive in that it optimizes 
reproductive success. I shall use the model to investigate the influence of a num- 
ber of parameters on optimal fertility and inheritance strategies, to see which are 
likely to produce outcomes similar to those observed in societies undergoing fer- 
tility decline. I investigate mortality risk, risk in the environment (which I model 
by reducing the risk of drought), and the economic costs of raising children (such 
as their food requirements). These are three variables generally assumed to be 
associated with the demographic transition. Development agencies (such as gov- 
ernments and NGOs) normally concentrate on the first two of these, in an effort to 
increase people’s standard of living. The last is often a consequence of an 
increased standard of living. That such economic changes lead to demographic 
change, albeit not in consistent ways, is certainly well documented, although a 
theoretical framework for predicting that change has been largely lacking. 

A THEORETICAL FRAMEWORK FOR PREDICTING 
REPRODUCTIVE DECISIONS 

Here I shall use a stochastic dynamic model to analyze which Combinations of 
fertility and wealth inheritance strategies maximize the expected number of grand- 
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children. Dynamic optimality models can be used to find behavioral decisions that 
maximize fitness over a given time period (Houston et al. 1988; Mange1 and Clark 
1988). Anderies (1996), Beauchamp (1994), and Mace (1996b) have all used 
dynamic optimality models to analyze family size in humans over a single gener- 
ation. Beauchamp (1994) and Anderies (1996) use lifetime reproductive success 
as the currency to be maximized, not taking into account any effect the level of 
parental investment in each child might have on their future reproductive success 
once they have survived childhood. In previous work (Mace 1996b), I used mar- 
ried children as the currency to be maximized and explored how varying the min- 
imum investment necessary to marry off a child will influence optimal fertility in 
Gabbra pastoralists. The results of a simulation of a population following the opti- 
mal decision rules arrived at for the Gabbra system, assumed to have started with 
the average herd size reported for the cohort that has now completed its fertility, 
are shown in Figure 13.1. The model is broadly successful at predicting family 
sizes that are close to those seen in the Gabbra. There is an over-representation of 
families with no or one child. Evolutionary models do not generally favor decid- 
ing to have no children, or so few that random childhood mortality leaves a person 
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Figure 13.1. The observed distribution of completed family size of Gabbra women over 
45 years of age in 1993 (bars, n = 421), and the predicted distribution based on women 
following the decision rules derived in Mace (1996b) assuming families started with ini- 
tial herd sizes of 10 camels (the mean reported for that cohort); solid and dotted lines are 
the predicted distributions given two different estimates of mortality; see Mace and Sear 
1997b). 
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with one or none. But it is unlikely that these small families are the result of deci- 
sions in this case; they are more likely to be due to involuntary infertility (which 
is not included in the model). Most women completed their fertility with about six 
living children (thus on average three living sons), as the model predicted they 
should. 

I have demonstrated (Mace 1996b) that the costs of marriage are predicted to 
have a strong influence on optimal famiIy size. In that model I entered marriage 
costs as a given, but in fact parental investment in children at marriage also repre- 
sents a decision by the parents. If we want to understand why family sizes might 
change as the environment changes, then it i s  important to allow the allocation of 
wealth among children to change. In the model described in this chapter, I use a 
dynamic optimality model to find decisions that maximize number of grandchil- 
dren, given an optimal allocation of family wealth between children. The key vari- 
able of optimal investment in each child through inheritance (or marriage gifts, 
which are effectively similar) is derived from the model rather than assumed. 

The fertility decisions I will investigate here are made many times within one 
generation. I measure the reproductive value of children as the number of grand- 
children they are expected to produce, given the wealth allocated to them at the 
beginning of their reproductive lives. The strategy that maximizes grandchildren 
is not necessarily identical to the strategy that maximizes very long-term fitness in 
every case, although it will roughly approximate that strategy for most purposes 
(e.g., Fisher 1958). T use stochastic dynamic programming to find the combination 
of the optimal allocation of wealth to children and the reproductive decisions that 
maximize the reproductive value of the whole family, given the optimal allocation 
of wealth between siblings. 

A TRADITIONAL AFRICAN SUBSISTENCE SYSTEM 

The model I present here is based on a traditional African pastoralist system- 
that of the Gabbra-which shares features in common with many other such sys- 
tems. In particular, livestock are the key units of wealth. They provide food 
directly, through milk and meat, and indirectly, through cash raised from their sale. 
They can aIso provide transport, leather, and other necessities. They are used for 
social transactions such as for bride-price and dowry. The food and other yields 
from a herd relate directly to the size of that herd. Pastoralist herds have often been 
likened to investment accounts: when pastoralists are given other opportunities to 
earn money, they frequently put that money straight into increasing herd size. 
Wealth will rise and fall when the herd grows or shrinks as a result of births and 
deaths from consumption, sales, or wasted mortality (such as in drought). These 
features of the system characterize many other systems based on the individual 
ownership of resources; in particular, it encapsulates the processes whereby those 
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with a great deal of wealth will find it easier to maintain and increase their wealth, 
whereas those with very low levels of wealth are at greater risk of destitution. 

This particular model is based on a group of camel-keeping pastoralists. 
Camels provide milk, even in harsh conditions, and transport. They are rarely 
bought or sold, but are inherited or given as bride-price. Goats are also kept, for 
meat, milk, sale, and dowry. The Gabbra inhabit an arid area, which is remote from 
government services even today. They are subject to frequent but unpredictable 
droughts (the most recent were in 1984, 1992, and 1997, all of which caused live- 
stock mortality and, but for the provision of food aid from the government of 
Kenya and the international community, could have led to human starvation). 
These pastoralists are among the most nomadic in Africa, moving according to the 
availability of grazing. 

The Gabbra social system is patrilineal and patrilocal. When a man marries, 
his family must pay a fixed bride-price to the family of the bride, but the greater 
expense is that he must provide a herd of livestock (almost always given by or 
inherited from his father) with which to support his new family. Polygyny is lirn- 
ited (88% of women were the only living wife of their husbands). Virtually all 
women marry between the ages of 15 and 25. Most men marry between the ages 
of 25 and 45. The singulate mean age of marriage (which is calculated from the 
proportion of people married in each age group and therefore does not rely on 
their reporting of past events) is 21 in women and 33 in men. The mean age of 
reproduction is 28 in women and 40 in men. Women do not reproduce before 
marriage; nor do they remarry if widowed, but they may continue to bear children 
that the Gabbra consider to be the legitimate children of their dead husbands. Men 
allocate wealth among their sons as they please, or, if they fail to do so, on his 
father’s death the eldest son inherits the herd. Daughters virtually never inherit 
camels but may receive a small dowry from their parents on marriage, normaIly 
in goats. 

In most societies, the gifts given to sons on marriage or as inheritance are much 
more valuable than those given to daughters: more than half of the societies in the 
Ethnographic Atlas (Murdock 1967) show male-biased inheritance, and none 
exhibit female-biased inheritance. Reproductive success is much more strongly 
related to wealth in males than in females in the Gabbra (Mace 1996a), as in many 
other cultures, and thus male-biased parental investment would be expected on 
evolutionary grounds (Hartung 1982; Trivers 1972; Trivers and Willard 1973). The 
bride-price Gabbra receive for daughters is generally more than the dowry they 
take with them at marriage; daughters may be roughly “cost-neutral” to their par- 
ents (Mace 1996,). In societies such as the Gabbra, reproductive decisions appear 
to be based inore on number of sons rather than number of children. I have shown 
that the number of sons in a family has a much greater influence than number of 
daughters on the birth interval to the next child (Mace and Sear 1997), the proba- 
bility that a son will be fostered out to another family (Mace and Sear 1997a, 
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1997b), and the probability that a man will take a second wife when his first wife 
reaches menopause (Mace 1996b). All these results indicate that it is sons that 
comprise the major cost consideration in Gabbra reproductive decision making. 
Thus the optimal family may be defined by number of sons, as number of daugh- 
ters is not particularly important to the decisions considered here. 

ASSUMPTIONS IN THE MODEL 

The model of reproductive decision making in a subsistence system is based on 
a herd of livestock with dynamics described in Table 13.1, and a human popuIa- 
tion with the demographic parameters described in Table 13.2. Mortality risks 
were estimated in Mace and Sear (1996, 1998). But in respects other than precise 
parameter values, the model is general enough to apply to a range of subsistence 
systems based on individually owned resources. 

This model is used to investigate the decisions of parents in a monogamous 
marriage. Male and female reproductive decisions would not be expected to differ 
under monogamy, so the decision-making unit is referred to as the household. 
Given that daughters do not inherit wealth, the model considers only sons. This 
simplification means that marriage decisions (which determine the reproductive 
success of daughters) do not have to be considered in the model, When parents 
decide to have another baby, that baby is assumed to have a 50% chance of being 
male. The parameter values used to determine the cost of raising a son are double 

Table 13-1. 

Annual probability of drought 0.2 

Parameter values used to describe herd dynamics in the baseline case. 

Variables per female stock unit:*: 
p(birth) - p(death) in non-drought year 0.11 

-0.14 
10 unitdyear 
20 units 

15 unitdyear 
1 unitlyear for each year of age 
fr(ch,t) + 30 

p(birth) - p(death) in drought year 
Food yield when living (i.e., milk) 
Food yield if soldslaughtered 

Variables for human food requirements: 
Food requirements (fr) of an adult ($15 years) 
Food requirements ffr) of a child (c15 years) 
Household food requirement (children + two parents) 
Maximum herd size 45 

“One stock unit is approximately equal to one female camel, although reproductive potential has been 
enhanced to account for the fact that, for each camel owned, the Gabbra will also own a number 
of faster-reproducing sheep and goats (which are not included explicitly in the model to simplify 
caIc u lations) . 
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Table 13-2. Parameter values used to describe human derno- 
graphic parameters in the baseline case. 

Probability of aduIt death 
Probability of child death (<4 years) 
Probability of child death (age 4-15) 
Reproductive lifespan of an adult 
Economic lifespan of a household 
Minimum interbirth interval 2 years 
Risk of maternal mortality (death in childbirth) 

0.005 per year 
0.05 per year 
0.008 per year 
30 years 
40 years 

0.005 per birth 

those assumed to be the cost of raising one child (as used in Mace 1996b), on the 
assumption that for each son, a family will also have, on average, one daughter. 
Thus reproductive and inheritance decisions are based on number of living sons in 
the family, which empirical evidence suggests is the case for the Gabbra (Mace 
1996b; Mace and Sear 1997). 

Decisions will depend on the state of the household, which is described by 
three variables: wealth (w) and number of living sons (ch), and t, the number of 
time steps of reproductive life that have passed ( t  is measured in two-year steps). 
Households have a finite reproductive life of 30 years, or whenever the mother dies 
if sooner, and a finite economic life of 40 years. Reproductive decisions about 
whether or not to have a baby are made every two years throughout the reproduc- 
tive life of the mother. Decisions about how to allocate wealth are made at the end 
of the parents’ life, which is taken as 10 years after the end of their reproductive 
life-in other words, 40 years after marriage. Thus the generation time in the 
model is 40 years (which is the mean generation time of males in Gabbra society) 
and generations do not overlap. The separation in the timing of the decisions to 
have babies and the decisions about how much wealth to give each son does reflect 
the human condition. Children take many years to raise, over which time some 
children may die, parents risk death, and household wealth may rise or fall. Thus 
parents have to make decisions about when to have another baby based on their 
current circumstances combined with their knowledge of the environment in 
which they live, and the value of heritable wealth to their sons’ future reproductive 
success. While the time at which each decision is made may be separated by up to 
40 years, the rules of wealth inheritance that the parents plan to follow will influ- 
ence their reproductive decisions throughout their life. 

Stochastic dynamic programming is used to find the optimal strategy set of fer- 
tility and inheritance rules for maximizing number of grandchildren. The equa- 
tions used to determine the optimal policy in a range of different environments are 
described in the box (taken from Mace 1998). 



268 Ruth Mace 

To model the reproductive decisions of when to have a baby (b) and how many chil- 
dren should receive an inheritance (i), several quantities need to be defined. Consider 
a household in state w, ch. Then 

p(w, w’) is the probability that a herd of size w will be a herd of size w’ after two 
years, based on a binomial probability of each female animal giving birth to 
another surviving female, and a binomial probability that each animal will die. 
Details of parameters which influence this probability are given in Table 13.1. 

p(ch, ch) is the probability that a household with ch sons, will have ch’ sons 
after two years, after having experienced the risk of child mortality (ch‘ < ch). 
The parameters determining the risk of mortality are shown in Table 13.2. 

b is the decision to have another baby (b = 1) or not ( b  = 0). 

b = 0 if t > 15 (which is 30 or more years of marriage). 

ps(b) is the probabiIity that the mother survives two years, given decision b. 

R(w, ch, 7‘) is the reproductive value of a family of ch sons with w units of 
wealth aIlocated optimally between them, at the end of the parents’ house- 
hold’s life ( T =  20, which is 40 years after marriage). R(w, ch, t )  is the 
expected reproductive value of a family in state w, ch when t is the number of 
time steps of reproductive life that have passed. R(w, 0, 0) is therefore the 
expected reproductive value of newlywed parents with wealth w, at the begin- 
ning of their reproductive lives, R(w, clz, T )  is estimated for the first iteration 
of the model (to values between 0 and l), but thereafter can be calculated by 

R(w, ch, T )  = maxi R( wli, 0,O) i (1) 

where i is the number of sons between which the household wealth will be divided 
in order to maximize grandchildren, where i is less than or equal to ch. R(w, ch, t)  is 
the reproductive value of a household at time t in state w, ch given that they always 
make the optimal decision b, and it can be calculated from R(w, ch, t + I )  by 

R(w, ch, t) = maxb C I - v ’ c h @ ( ~ ,  w‘) - (p(ch, ch‘) (ps(b) - R 

where the summation is over all possible values of w’ and ch’ andfr(ch, t)  is the food 
requirements of a family of ch sons aged t (see Table 13.2 for parameters that influ- 
encefr-(ch, t)). If w falls to zero at any time, the household is considered destitute, 
and fitness (R)  is 0, 

Initially, R(w, ch, T )  is simply estimated (to values where R(max,v, max,,, = 1 and 
R(0, ch, T )  = 0 and R(w, 0, T )  = 0). R(w, ch, T -  1) can then be calculated from 
equation (Z), as can R(w, ch, T -  2) and thus, by backward iteration, after 20 time 
steps R(w, 0, 0) is calculated and the optimal scheduling of births over the whole 
reproductive lifespan is also known. When t = 0, R(w, ch, T )  for the next iteration is 
recalculated by equation 1, which gives the optimal value of i over all combinations 
of w and ch. R(w, ch, T )  is then normalized (by dividing all values by R(max,,, 
maxCh, T )  and the process is repeated. After a small number of iterations, R(w, ch, t )  
and the optimal values of i and b for each value of w and ch converge This is the opti- 
mal strategy set of fertility and inheritance rules for maximizing grandparental fit- 
ness (from Mace 1998). 

(W‘-fY(Ch, t ) ,  ch’ = b, t + 1)  + (1  -ps(b))  * R(w‘ -fr(ch, t ) ,  ch’, r )  (2) 
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The model is used to predict both the decision rules that parents should follow 
to maximize their grandparental reproductive success (whether or not they should 
have a baby and the number of sons between which they should divide their 
wealth) for each state of wealth and current family size that they may find them- 
selves in. These rules can be used to find the population outcomes of a group of 
people following those decision rules. The population outcomes are determined 
by running a simulation of a population following the optimal decision rules, sub- 
ject to the same environment for which that decision rule is optimal. That envi- 
ronment includes, of course, the stochasticity inherent in the system, which has 
been taken into account in determining the optimal decision rules. The starting 
conditions for the simulation were estimated for the first iteration. Thereafter, the 
distribution of herd sizes at household formation gained by inheritance from par- 
ents, generated by the model, is used as the starting state of the population. After 
a small number of iterations, a stable distribution of initial herd sizes is reached. 

RESULTS 

Reproductive Decision Making in a 
Range of Environments 

The model is used to explore how we would expect reproductive decisions, and 
hence population outcomes, to be influenced by environmental circumstances. I 
explore these changes by comparing outcomes with a baseline case. The baseline 
case is that of the Gabbra cohort shown in Figure 13.1, who live in the system just 
described, characterized by the parameter values which are given in Tables 13.1 
and 13.2. I have shown elsewhere (Mace 1998) that both the predicted range of 
completed family sizes and the average allocation of wealth that each new family 
inherited are broadly in line with that observed in the Gabbra. The aim here is to 
see which variables would cause these patterns to change. It is in this sense that 
modeling can be most useful. In the real world, opportunities rarely arise whereby 
individual variables are altered in a controlled way, such that the effects of such 
actions can be observed. A modeling framework such as this one allows us to 
explore which environmental changes might be expected to influence reproductive 
decisions, and what the response and impact on the population might be. 

Figures 13.2-1 3.5 show optimal decision rules or stable state population dis- 
tributions for four different environments: the baseline case, a high costs case 
(where it assumed that the cost of raising a child is double that of the baseline), a 
low drought probability case (where it is assumed droughts only occur half as 
often, raising the mean and reducing the variance in the productivity and growth 
rate of the herd), and a low mortality case (where all extrinsic mortality risks are 
an order of magnitude lower than the baseline case). 

Figure 13.2 shows the optimal fertility strategy in each of these four cases. The 
fertility strategy shown is the optimal strategy for a couple that has been married 
for 20 years, who could thus have between 0 and 10 children, and have another 10 
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baseline --- 

hgh costs - - - - _ -  

low pmb. of droi --- 
low mortality 

Figure 13-2. The optimal decision rule of the minimum wealth needed to have another 
baby, based on the number of living sons you already have, shown for four different envi- 
ronments: the baseline case (line), high costs of children (dashed and dotted line), low 
probability of drought (dotted line), and low mortality risk (dashed line). 

years of reproductive life remaining. The line indicates the optimal number of sons 
for that level of wealth. Parents in households in the area above the line, who have 
more children than the optimum for their level of wealth, would reduce their 
expected grandparental fitness if they had another baby. If a child died or the herd 
size increased, they might move into a region where they were below the line 
again, and thus they should have another baby. Thus decision making is dynamic, 
changing with current circumstances. Parents are predicted to quickly “replace” 
dead children, 

In all cases shown in Figure 13.2, wealth would be expected to be positively 
correlated with reproductive success. This correlation has been shown in numer- 
ous traditional societies, including the Gabbra (Mace 1996a). The wealth at which 
it is optimal to have the first child is not especially sensitive to environmental con- 
ditions, but thereafter the environmental parameters altered here do have effects, 
in some cases marked effects, on the minimum wealth at which to have subsequent 
children. 

Figure 13.3 shows the stable distribution of completed family sizes (Iiving 
sons) that would result for women who survived their entire reproductive lives, in 
each of the four environments. Most families are predicted to have many fewer 
than the maximum possible number of sons, in any of the environments modeled. 
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Figure 13.3. Predicted stable-state distribution of completed family sizes for households 
after 40 years of marriage, for different environments: the baseline case (line), high costs 
of children (dashed and dotted line), low probability of drought (dotted line), and low 
mortality risk (dashed line). 

Figure 13.4 shows the decision rule €or the optimal inheritance of wealth 
between sons at the end of the parents’ economic lives. In all cases, the maximum 
number of sons to be given an inheritance depends strongly on parental wealth. 
The wealthier the parents, the more sons they wilI give herds to. The lines are not 
curved, indicating that the size of the inherited herds would not increase with 
parental wealth unless the number of sons living at that time was below the rnax- 
imurn to given an inheritance. If the number of sons they have is above that max- 
imum, then no parental fitness advantage is gained by giving the “extra sons” any 
inheritance. Primogeniture, in this case, appears to be a response to poverty rather 
than wealth. I have shown elsewhere that, in the Gabbra, the more elder brothers 
a man has, the more he is disadvantaged with respect to inherited wealth, his age 
at marriage, and his reproductive success (Mace 1996a). 

Figure 13.5 shows the stable distribution of initial herd sizes (i.e., those herds 
inherited by sons starting their own households) predicted in each of the four envi- 
ronments. As is evident from Figure 13.4, very few individuals are predicted to be 
given very large herds, as the division of resources between many sons (if they 
have them) is a better reproductive strategy for wealthy families. 
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Maximum number of sons to inherit 

Figure 13.4. The predicted maximum number of sons among whom the household herd 
should be divided, given the level of parental wealth, for four different environments: the 
baseline case (line), high costs of children (dashed and dotted line), low probability of 
drought (dotted line), and low mortality risk (dashed line). 

Which Effects Are Most Likely to Cause a 
Demographic Transition? 

It is clear that simply improving the produc- 
tivity and reliability of the subsistence base is not predicted to lead to any of the 
effects generally considered to be a demographic transition; in fact the opposite 
occurs. The minimum wealth at which it is optimal to have another baby is sig- 
nificantly reduced, for all family sizes, and thus fertility above the level seen in the 
baseline case is predicted. Completed family sizes are significantly larger, and the 
inheritance given to each of those children is slightly smaller, such that the distri- 
bution of household wealth with which each new generation starts married life is 
slightly toward the poorer end of the spectrum than in the baseline case. When liv- 
ing conditions are easier, parents can afford more children and do not need to be 
so generous to each child in order to maximize their grandparental reproductive 
success. 

Reducing the Risk of Draught. 

Reducing the Risk ufMortality. A reduction in mortality is probably consid- 
ered one of the most important correlates of fertility decline, although it can either 
precede or follow it (Cleland 1995). The case I model here investigates the lower- 
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Figure 13.5. The predicted stable-state distribution of the wealth of new families at 
household formation, which is the amount received in inheritance from parents, shown 
for four environments: the baseline case (line), high costs of children (dashed and dotted 
line), low probability of drought (dotted h e ) ,  and low mortality risk (dashed line). 

ing of mortality by an order of magnitude, which is the difference, in many cases, 
between the developed and developing world; it is also a level of difference that 
can nearly be achieved in developing countries when effective medical services 
are provided in an area that previously had none (e.g., Pison et al. 1993; Weaver 
and Beckerleg 1993). The model predicts that reducing mortality will definitely 
decrease number of births, as decisions are dependent on number of living chil- 
dren. Dead children are replaced by more births whenever possible. Numerous 
demographic studies have shown this to occur. 

What is of interest here, however, is that the effect of a substantial decline in 
mortality on other aspects of reproductive and inheritance strategies is relatively 
small. Having children that die does waste time and resources, leading to slightly 
lower wealth and fewer new families each generation. The minimum wealth at 
which i t  is optimal to have another baby is higher in the low-mortality environment, 
especially for parents with large families. This compensates, almost perfectly, €or 
those children that would be expected to be lost in the baseline case, such that the 
stable distributions of completed family sizes are very similar in the baseline and 
low-mortality environments. The maximum number of sons to be given an inheri- 
tance, for a given level of wealth, is slightly higher in the low-mortality scenario- 
each son needs slightly less if he will not be wasting resources on raising children 
that do not survive. But the difference is not great. This model does assume that 
most mortality is concentrated among very young children, and the impact of 
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higher mortality might be greater if it occurred throughout childhood; however in 
most societies it is the infants who are at the greatest risk of death. 

Demographers have focused on changes in fertility (i.e., rates of giving birth) 
not least because they are relatively easy to measure. But it is living children that 
really matter. Lowering mortality does lower fertility, but, according to this model, 
it is not expected to lower family size substantially or increase the level of parental 
investment in each child. These are probably the two most characteristic features 
of post-transition families, so we cannot look to reduced mortality alone to explain 
demographic transitions. 

High Cost of Children. Doubling the costs of children causes a marked 
change in both fertility and inheritance strategies. The minimum wealth at which 
to have another baby is much higher than in the baseline case. This leads to much 
smaller completed families, most with only two sons. That the costs of children 
are expected to influence reproductive rate is a common theme of examinations of 
reproductive rate in economics and anthropology (albeit with varying theoretical 
justifications). The framework presented here is clearly based on reproductive suc- 
cess, and it allows the extent of the effect to be predicted precisely if the relevant 
parameter values are known. 

The number of sons to be given an inheritance, for each level of wealth, is lower 
than the baseline case, and each son is given a larger inheritance. This leads to 
more couples starting out their married life with larger inherited herd sizes. The 
average family in the stable population is wealthier. 

These are all features of post-transition societies. An increase in costs of chil- 
dren could be associated with sending children to school, either because school 
costs money or because their labor is lost to the household economy when they are 
at school. Education is frequently cited as a correlate of low fertility, although 
most demographers concentrate on the educational status of the mother rather than 
the costs of educating her children, which this model suggests might be more 
explanatory of her fertility. Why parents feel the need to educate children is 
beyond the scope of this model, although it does seem unlikely that uneducated 
children would be successful (either economically or in competition for mates) in 
societies where all the other children were educated. 

CONCLUSION AND DISCUSSION 

Increasing parental investment in children is the key to decreases in fertility. 
When inherited wealth makes an important contribution to fitness and the costs of 
successfully raising children are high, small families are favored. Further, the 
model suggests that these conditions will be associated with a wealthier popula- 
tion in general. The model described here is not explicitly based on a society in  a 
developed country, but these are factors that might change as a less-developed 



An Adaptive Model of Human Reproduction Rate Where Wealth Is Inherited 275 

society becomes more developed. All parents like to raise children at least to a 
standard of living approaching their own, and parents in modem societies fre- 
quently refer to the cost of education and similar costs as deterrents of large com- 
pleted family size. In developed societies, girls are generally as costly as boys, and 
biased inheritance with respect to sex or birth order is not popular (Judge and Hrdy 
1992). In some cases it is not even legal; for example, primogeniture was outlawed 
in nineteenth-century France, causing a marked decline in fertility at that time 
(Johansson 1987). If it is assumed that all children, rather than just sons, are costly 
and benefit from inheritance, then models such as those described here could 
clearly predict very small family sizes as optimal. 

It could be argued that the presence of government-funded support systems 
may have ameliorated or even removed the costs of large families in some mod- 
ern societies. One would not necessarily expect our decision rules to keep pace 
with recent social and political changes of this nature and reach an optimum, 
although there is plenty of evidence that economic change can have a near-instant 
effect on birth rates: fertility in East Germany dropped dramatically after unifica- 
tion with West Germany in 1989, when many state benefits relating to children 
were removed (Conrad et al. 1996). Hoem (1993) documents an increase in the 
fertility of Swedish women in the 1980s in response to increasingly generous 
maternity benefits. Thus our reproductive decisions are constantly influenced by 
our environment, even in modern, industrial societies. 

Why Do Richer People Have Smaller Families? 

All the cases modeled here do, however, predict a positive correlation between 
wealth and fertility (as do other evolutionary models such as that in Rogers 1995); 
yet such a correlation has not been widely demonstrated in post-transition soci- 
eties. Frequently, area-level or country-level statistics are used to explore compar- 
ative relationships. Such comparisons frequently lead to the conclusion that 
wealth is negativelymrelated to reproductive success. Some have used this to argue 
that evolutionary models are not appropriate models of contemporary human 
reproductive behavior (Vining 1986). Yet, where this relationship has been inves- 
tigated in clearly defined, homogeneous populations, such as is frequently the case 
in anthropological studies, the opposite is found. 

What is shown here is that, when costs of children are high, levels of inheri- 
tance will also be high, and the average wealth of families will be high. Thus, if 
costs of children vary between groups, then the average wealth of those groups is 
also likely to vary. An important conclusion of this finding is that reproductive 
decisions concerning parental investment have to be investigated with respect to a 
very clearly defined group, if they are to be understood in ecological terms. While 
none of the models presented here predicts anything but a positive relationship 
between wealth and reproductive success within a homogeneous group, they do 
show that if a society actually comprised several different groups, each of which 
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are following different decision rules, then this correlation between wealth and 
fertility may break down. If different people have different fertility policies, per- 
haps because they have different risks of mortality or different costs of raising 
children, or different perceptions of these risks and costs (which is not true of an 
unstratified society such as the Gabbra, but is true of most modem, conglomerate 
societies containing peoples of many different origins), then it is likely that those 
in a higher income bracket might be following a decision rule leading to a smaller 
family than another family with a lower level of wealth, because they are follow- 
ing a different policy. When looking at the correlation between wealth and fertil- 
ity across society as a whole, fertility and wealth may appear to be decoupled or 
even negatively correiated, because the richest families would have the smallest 
number of children. 

Does Parental Investment Increase Children’s 
Reproductive Potential in Modern Societies? 

A fully evolutionary model of high parental investment does require that 
increased parental investment is rewarded by increasing the reproductive potential 
of those children. Education is the most obvious and expensive form of parentaI 
investment in modern societies, but it is generally considered to have a negative 
influence on fertility. However, as I stated above, it would be most informative to 
look within very homogeneous groups to see whether the education individuals 
received increased their fertility relative to others in that group. Part of the diffi- 
culty in addressing this problem is that there are few studies of modern popula- 
tions in developed countries that concentrate on strictly homogeneous groups. 
One rare example is that of Hubback (1957), who charts the reproductive success 
of English women graduates from Britain’s best universities in the mid-twentieth 
century, clearly a highly educated and socially and financially privileged group. 
Those who went to Oxford and Cambridge were a particularly select group, as 
only a very small minority of colleges in these universities admitted women up 
until less than twenty years ago. I have reproduced some of Hubback’s findings in 
Table 13.3. Family wealth correlated positively with reproductive success. So, 
incidentally, did the class of degree that these women obtained: those attaining the 
highest marks in exams had the most children. It is not possible to dissociate 
wealth from educational achievement in these figures. But it is interesting to note 
that those features traditionally associated with fertility decline were clearly asso- 
ciated with enhanced fertility within this homogeneous group. 

Kaplan and his colleagues (1995) found that ethnicity and birth cohort were 
much stronger determinants of fertility than was wealth in a large sample of New 
Mexican men (also see Chapters 9 and 14, this volume). Children of parents from 
large families had lower levels of educational achievement and lower incomes as 
adults, so some features of the reduced level of parental investment had the poten- 
tial to influence future generations of offspring. Hispanics, originally from Mex- 
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Tuble 13-3. Correlates of family size among women who graduated from English uni- 
versities between 1930 and 1950 (adapted from Hubback 1957) 

A. Fertility and income. 
Upper figure: family with less than ,1,000 per year 
Lower figure: family with more than ,l ,OOO per year (in italics) 

Duration of marriage (years) 

Age at marriage 5-6 7-9 I s 1 4  15-25 
~~ ~~~ 

< 25 1.4 2.1 2.4 2.6 
2.5 1.9 2.7 2.8 

25-29 1.4 2.5 1.9 2.0 
1.9 2.3 2.3 2.9 

30-34 0.6 1.1 1.8 
1.7 1.9 1.8 

3. Fertility and academic achievement. Class of degree indicates the standard of marks received in 
final exams, first class being the highest level of achievement and pass being the lowest. Competition 
for places at Oxford and Cambridge was more intense than for other universities, especially for 
women. 

Oxford and Other 
Degree (class) Cambridge n Universities n 

First 2.32 72 
Second 2.27 366 
Third and Fourth 2.15 1 04 
Pass 2.0 19 

2.02 
I .64 
1.37 
1.57 

53 
24 1 
41 

181 

ico, had higher fertility than Anglos, and Kaplan and colleagues argue that some 
are reducing their fertility over time in order to take advantage of better educa- 
tional opportunities, which are followed by opportunities to earn higher incomes. 
However, those with the most children also had the highest number of grandchil- 
dren; thus, in this case, there is no evidence that a decision to limit fertility for edu- 
cational or other benefits is evolutionarily adaptive in the long run. 

What Are the lmpIications for Development Projects? 

A reduction in the size of families is frequently an explicit aim of development 
agencies (whether governments or NGOs). This is usually addressed by providing 
advice on family planning, and malung modem contraceptives available. I myself 
have used this approach when working for an NGO with the Gabbra. Rural Gab- 
bra women were interested in hearing about contraception, but not because they 
felt any pressing need for it. Infertility was far more likely to be raised as an issue 
that could benefit from medical intervention. Faced with my own data and my the- 
oretical perspective on it, I should have realized sooner that most of these women, 
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who were living a traditional lifestyle that may not have changed greatly since the 
adoption of pastoralism, were probably having roughly the number of children 
they wanted to have. 

It is changes in economic and environmental circumstances that are more likely 
to trigger an interest in small families. Development projects are, inadvertently, fre- 
quently concentrating on some areas that are likely to move things in the direction 
of larger, not smaller, families. hproving the productivity and reliability of the 
subsistence base is generally the main objective of most integrated rural develop- 
ment projects. Other things being equal, that is likely to push fertility up. This can 
be counterproductive, even causing an overall decline in the average wealth of 
households. Reducing mortality is the obvious aim of any project with a public 
health component. That is likely to reduce fertility (number of births), but this 
model predicts it wil1 have little effect on the number of living children in a family. 

This model suggests that increasing the cost of children to parents is the factor 
that is likely to reduce family size and, where resources are heritable, will also 
improve the general wealth of the population, as parents leave each child a larger 
inheritance. Increasing the costs of children is unlikely ever to be the explicit aim 
of a development project. Nor is there any real reason why it should be. Increas- 
ing the cost of raising children increases hardship, and the population becomes 
wealthier partly because poor families fall out of the system. Innovations that 
reduce the drudgery of life, such as improving water supplies, probably reduce the 
cost of children and thus would be predicted to push fertility up. However, educa- 
tional uptake is frequently an aim of governments and NGOs. Governments pass 
as much of this cost as possible onto parents. If parents know that a good educa- 
tion is likely to produce good returns, they will take it more seriously, and consider 
having fewer, but better-educated, children. If mortality is reduced, then investing 
in children at a younger age will also be more likely to occur. 

While it is tempting to exclude modern societies from evolutionary analyses, I 
believe that evolutionary models have great potential to explain our decision mak- 
ing in this area. It i s  an open question as to how much of our behavior in modern 
environments is adaptive, but an understanding of how our decision making on 
these matters is likely to be guided must be useful. Most social scientists have been 
slow to appreciate that evolutionary theory has anything to offer their fields of 
enquiry. Yet increasingly, evolutionary models making testable predictions about 
human behavior have been found to be useful and successful. Evolutionary 
demography is one such field. 

SUMMARY 

1.  In most human societies, the inheritance of wealth is an important part of 
parental investment. Patterns of wealth inheritance and other reproductive deci- 
sions, including family size, would be expected to influence each other. Here I 
present an adaptive model of human reproductive decision making under condi- 
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tions in which there is inheritance of wealth, using a state-dependent dynamic 
model. Two decisions made by parents are considered: when to have another baby, 
and thus the pattern of reproduction through life, and how to allocate resources 
between children at the end of the parents’ life. Optimal decision rules are those 
that maximize the number of grandchildren. 

2. Decisions are assumed to depend on the state of the parents, which is 
described at any time by two variables: number of living sons and wealth. The 
dynamics of the model are based on a traditional African pastoralist system, but it 
is general enough to approximate to any means of subsistence where an increase 
in the amount of wealth owned increases the capacity for future production of 
resources. Over a range of environmental conditions, a range of 1eveIs of fertility 
are optimal; however, reproduction is always predicted to be below the maximum 
possible rate. 

3. Most traditional societies are now undergoing a transition to lower fertil- 
ity, known as the demographic transition. The model is used to examine the pos- 
sible effect of different variables to see which, if any, produce changes in the 
population similar to those observed during demographic transitions: the effects 
of reducing mortality, reducing the unpredictability of the environment, and 
increasing the costs of raising children on fertility and wealth inheritance strate- 
gies are explored. 

4. Reducing mortality has very little effect on completed family size or on the 
wealth children inherit. It has little effect on the average wealth of the population. 

5 .  Reducing the risk of drought (increasing the productivity and reliability of 
the subsistence base) increases family size without increasing average household 
wealth. In fact, the model suggests the overal1 effect on the population could be 
counterproductive, with average household wealth declining slightly. 

Increasing the costs of raising children decreases optimal fertility and 
increases the inheritance left to each child at each level of wealth, and has the 
potential to reduce fertility to very low levels. The average wealth of households 
increases. Only increasing parental investment captures the essential features of 
demographic transitions. 

The results illustrate that reproductive decisions have to be examined in 
homogeneous groups if they are to be understood in ecoIogical terms. Within 
homogeneous groups, a positive relationship between wealth and reproductive 
success is predicted. But across a heterogeneous group (such as, for example, 
country-level data) the model explains why those with the greatest wealth might 
also have the smallest families. 

6. 

7. 
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The Evolutionary Economics and Psychology of 

the Demographic lkansition to Low Fertility 

HILLARD S. KAPLAN and JANE B. LANCASTER 

There is mounting evidence that people in modern state societies in the developed 
world do not maximize fitness through their fertility decisions (e.g.) Irons 1995; 
Kaplan, Lancaster, Bock, and Johnson 1995; Vining 1986). Observed fertility 
behavior deviates from the predictions of fitness maximization in two ways. First, 
and most important, observed fertility is lower than would be predicted based on 
models of fitness maximization. For example, we showed that among men in 
Albuquerque, New Mexico, number of third-generation descendants (i.e., grand- 
children) is highest among those who produced the most (i.e.,>12) children, yet 
the observed modal fertility is 2 (Kaplan et a1. 1995). Higher parental fertility in 
modern developed societies is associated with lower achieved educational and 
economic status of offspring (see Blake 1989 and Downey 1995 for reviews), but 
the lower earning capacity of children from large families does not decrease their 
fertility and so there is no apparent fitness reduction associated with lowered 
parental investment per child. 

The second way in which modem behavior deviates from the predictions of 
simple budget constraint models of quantity-quality tradeoffs is that higher- 
earning adults produce no more children than their lesser-earning counterparts, 
even in well-controlled studies. Whereas available data on preindustrial societies 
consistently exhibit a positive relationship between resources or power and repro- 
ductive success (Barkow 1989; Betzig 1986; Boone 1986; Borgerhoff Mulder 
1987; Cronk 1991a; Flinn 1986; Hughes 1986; Irons 1995; Kaplan and Hill 1985; 
Low 1990; Mealey 1985; Turke and Betzig 1985; Voland 1990), studies of post- 
demographic transition societies either find no relationship (Kaplan, et al., 1995) 
or a negative one (Lam 1486; Pkrusse 1993; Retherford 1993; but see Simons 
1974 for data suggesting a positive correlation among wealth and fertility within 
socioeconomic groups). 

An adequate theory of the reduction in fertility in modern states (referred to as 
“the demographic transition”) must accomplish two things. First, it must specify 
what changes led to a reduction of fertility and the observed relationship between 
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wealth and fitness. Second, it must account for why those changes produced the 
observed responses within a larger theory of the determinants of fertility in gen- 
eral. From an evolutionary perspective, it is necessary to specify the critical dif- 
ferences between pre- and post-demographic transition societies and to show why 
the suite of proximate mechanisms that evolved to regulate fertility and parental 
investment in the past might produce the fertility and parental investment behav- 
ior observed in modern, postindustrial societies. 

This paper presents the results of an in-depth study of fertility and parental 
investment among a representative sample of men from Albuquerque, New Mex- 
ico. Our goal is to develop and test a general theory of human fertility and parental 
investment, with a specific focus on explaining recent historical trends in family 
behavior within developed nations. We present a theoretical framework that uni- 
fies life history theory, developed in biology, with human capital and household 
allocation theories, developed in economics. We then offer a specific theory of 
modern fertility reduction based upon the emergence of skills-based competitive 
labor markets. This theory generates a set of empirical predictions that are tested 
with data derived from the sample of Albuquerque men. The empirical analysis 
focuses on age at first reproduction, completed fertility, the formation and disso- 
lution of marital and quasi-marital relationships, investment in children, and child 
outcomes. The analysis examines both historical trends and variation among men 
within cohorts and time periods. 

LIFE HISTORY THEORY AND THE ECONOMICS 
OF THE FAMILY 

Biological and economic theories of life histories and fertility decisions devel- 
oped independently, yet they share some formal properties and substantive con- 
clusions. They both assume that individuals act to optimize the allocation of 
limited resources through the life course so as to maximize some currency. Bio- 
logical models assume thatfifitness, defined in terms of quantity of descendants or 
the instantaneous growth rate of genes, is the ultimate currency that individuals are 
designed to maximize. Economic models assume that utiEity or satisfaction is the 
ultimate currency. 

With respect to fertility decisions, both biological and economic approaches 
treat the problem in terms of a tradeoff between quantity and quality of offspring. 
This tradeoff is presumed to result from the facts that parents have limited 
resources to invest in offspring and that each additional offspring necessarily 
reduces average investment per offspring. Most biological models operationalize 
this tradeoff as number versus survival of offspring (e.g., Lack 1954, 1968; Lloyd 
1987; McGinley and Charnov 1988; Rogers and Blurton Jones 1992; Smith and 
Fretwell 1974). Natural selection is expected to shape investment per offspring 
and offspring number so as to maximize the number of surviving offspring2 
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In economic models (e.g., Becker 1991; Becker and Lewis 1973; Becker and 
Tomes 1986; deTray 1973; Willis 1973), parents are thought to derive satisfaction 
from both child quality and child quantity, and to chose the combination of off- 
spring number and offspring quality that maximizes the satisfaction derived from 
children and other forms of cons~mption.~ In economic models quality is implic- 
itly considered to be an index of the human capital embodied in children. Human 
capita2 may be defined as a stock of attributes embodied in an individual, such as 
skills and education, that affect the value of time allocated to labor, and hence 
affect both earnings and the utility of time spent outside the labor market. 

These two approaches can be usefully unified to build on the strengths of each. 
A major strength of biological models is the causal closure provided by the theory 
of natural selection and the use of fitness as the currency to be maximized. The the- 
ory of evolution by natural selection specifies the causal processes by which the 
characteristics of organisms change and a justification for why organisms should 
be designed to maximize fitness. In contrast, the economic assumption that people 
maximize utility is not derived from a known causal process, but rather is main- 
tained as a working heuristic because it seems to characterize human behavior. 
Thus, economic models are less specific about the nature of interpersonal utility 
functions. However, the theory of human capital in economics is much more devel- 
oped than the corresponding theory of investment in somatic effort in biology. 

Figure 14.1 unifies biological and economic approaches with life history deci- 
sions by extending the economic concept of human capital to organisms in gen- 
eral (with the term embodied capitak) and by utilizing biological fitness as the 
ultimate currency. Ontogeny (the process of development) can be seen as a process 
in which individuals and their parents invest in a stock of embodied capital. In a 
physical sense, embodied capital is organized somatic tissue. In a functional sense, 
embodied capital includes strength, immune competence, coordination, skill, and 
knowledge, all of which affect the profitability of allocating time and other 
resources to alternative activities such as resource acquisition, defense from pred- 
ators and parasites, mating Competition, parenting, and social dominance. Since 
the stock of embodied capital tends to depreciate with time because of physical 
entropic forces and direct assaults by parasites, predators, and conspecifics, allo- 
cations to maintenance such as feeding, cell repair, and vigilance can also be seen 
as investments in embodied capital. Individuals may invest not only in capital 
embodied in their own soma, but in the capital embodied in offspring, other rela- 
tives, and other individuals with whom they interact. 

Figure 14.1 begins with lifetime income. Income is defined here in the general 
sense of the total value of time allocated to alternative activities, such as resource 
acquisition, childcare, rest, etc. At each age, an individual’s income will be a func- 
tion of her embodied capital. Income can be invested directly in reproductive 
effort, or in embodied capital. Embodied capital, in turn, can be divided into stocks 
affecting the ability to acquire the resources for reproduction and stocks affecting 
the probability of survival. 
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I 

Figure 14.1. Decision model for life history of investments. 
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The solid arrows depict investment options. The dotted arrows depict the 
impacts of investments. Investments in income-related capital, such as growth, 
physical coordination, skills, and knowledge, affect lifetime income through the 
value or productivity of time in the future. Investments in survival-related capital, 
such as immune function, predator defense, and tissue repair, affect lifetime 
income through increasing the expected lifespan of earnings. From an evolution- 
ary point of view, however, income must ultimately be invested in reproduction, 
since an organism that does not reproduce leaves no descendants. Thus, the first 
problem acted upon by natural selection is to maximize lifetime allocations to 
reproduction by optimally allocating income among investments in future income, 
survival, and reproduction at each age. 

The second part of the figure shows the relationships between investments and 
outcomes fur two generations. Here, both the parent and the offspring can invest 
in the offspring’s survival- and income-related capital. For parents, the optimal 
allocation between fertility and investments in embodied capital of offspring 
should maximize the total lifetime allocations by offspring to their own reproduc- 
tion (summed over all offspring). This requires consideration not only of the 
effects of parental investment on offspring survival, but also on the adult income 
of offspring as well. If individuals in each generation allocate investments in their 
own and their offspring’s embodied capital optimally, then the “dynastic” or 
multigenerational fitness of the lineage is maximized, 

In this model life histories vary because relationships between investments and 
outcomes vary ecologically. There is ecological variability in the benefits from 
investing in income-related capital. The relationships between body size and pro- 
ductivity depend on feeding niche. The value of knowledge, skill, and infonna- 
tion-processing ability depends on the type of foods exploited, and more generally 
on the economy. This is illustrated in Figure 14.2. In panel 2A, two relationships 
between time invested in development and adult food production are illustrated, 
representing two different ecologies. In one ecology there is a relatively low pay- 
off to investment in development, and in the other, the payoff is higher. In both 
ecologies there are increasing returns to investment at low levels of investment 
(i.e., the slope of the line increases). However, at some point the rate of return 
begins to diminish with additional time invested in development (i.e., the slope of 
the line decreases). The principal difference between the two ecologies is that 
diminishing returns on investment occur at a higher level of investment in the high- 
payoff environment. This difference could be due to the importance of skill or 
strength in resource production, since skill acquisition and growth require time. In 
general, the optimum will occur when returns on investment diminish because 
extra time in development begins to yield a smaller increase in adult income. Thus, 
the optimum amount of time (T*) to invest in development is lower for the low- 
skill environment than for the high-skill environment. 

Panel 2B illustrates ecological variability in investment in mortality reduction. 
Depending on local ecology each major class of mortality (predation, disease, 
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Figure 14.2. Ecological variability in payoffs on investments in development and mortal- 
ity reduction. 

intraspecific violence, accidents, starvation) will exhibit a different relationship 
between the probability of dying and preventative investments made by the organ- 
ism. Again, two ecologically variant relationships between investments and mor- 
tality are depicted. Returns on investments in lowering mortality diminish earlier 
in the low-payoff than in the high-payoff environment. For example, Austad and 
Fischer (1991, 1992, 1993) show that the value of tissue repair in order to slow 
down the rate of aging depends on the ability to escape predation. Primates and 
bats, which can leave the ground, suffer lower rates of predation than terrestrial 
mammals of similar body size. They also age more slowly and therefore live 
longer. Similarly, mammals living on islands with few predators age more slowly 
than their conspecifics living in continental environments. Thus, diminishing 
returns to investment in survival occur at higher levels of investment in low- 
predation environments. 
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FERTILITY AND PARENTAL INVESTMENT IN 
TRADITIONAL HUMAN SOCIETIES: 

AN ECOLOGICAL MODEL 

One of the hallmarks of humanity has been the colonization of most of the 
world’s terrestrial and coastal habitats. The life history theory developed above 
suggests that natural selection would favor sensitivity to environmental variability 
in returns on investment and the evolution of proximate mechanisms that detect 
diminishing returns on investment in survival and future income. One of the most 
important problems in understanding contemporary demographic processes is that 
the proximate physiological and psychological mechanisms underlying fertility, 
parental investment, and family formation evolved primarily in the context of a 
hunting and gathering lifestyle. All but the most recent 10,000 years of evolution 
in the hominid line occurred among foraging populations. Since most people now 
live in environments radically different from our ancestral environment, we 
require an understanding of how our evolved physiology and psychology responds 
to modern environments. Our goal for this section is to analyze the demands of the 
hunting and gathering lifeway as they vary across ecologies and to specify the 
kinds of proximate mechanisms that are likely to have evolved in the past in order 
to understand how people will react to modem environments. 

Compared with those of other primates and mammals, human life histories 
have three distinctive characteristics: ( 1) an exceptionally long lifespan with older 
nonreproductive individuals supporting their offspring’s reproduction, (2) an 
extended period of juvenile nutritional dependence coupled with the provisioning 
of young of different ages, and (3) marriage and the involvement of men in the care 
and provisioning of children (Kaplan 1997; Lancaster and Lancaster 1987). Since 
all hunting and gathering groups for which we have substantial information 
exhibit these three characteristics, it is likely that some fundamental features of the 
traditional human lifeway account for their evolution. Kaplan (1 996, 1997) has 
proposed that those three features of the human life course are interrelated out- 
comes of a feeding strategy emphasizing nutrient-dense, difficult-to-acquire 
foods. The logic underlying this proposal is that effective adult foraging requires 
an extended training period during which production at young ages is sacrificed 
for increased productivity later in Iife. The returns on investment in training 
depend on adult survival rates, favoring increased investment in mortality reduc- 
tion. An extended postreproductive, yet still productive, period supports both ear- 
lier onset of reproduction by next-generation individuals and the ability to 
provision multiple dependent young at different stages of development (see 
Kaplan, Hill, Lancaster, and Hurtado, in press, for empirical tests of this theory). 
This life history pattern implies the existence of two critical phases of human 
parental investment. The first phase is infancy, in which children are fed through 
lactation and require intensive care. The second phase is childhood and adoles- 
cence, in which children require less direct supervision and are provisioned with 
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solid foods (see Kaplan 1994 and Kaplan et al. 2000 for data showing that this sec- 
ond period can extend into the late teen years in traditional hunting and gathering 
groups and forager-horticulturalists). 

Since humans generally nurse only one infant at a time, the intensity and length 
of infant investment is a critical decision variable determining fertility. With 
respect to infant survival, there are two critical forms of parental investment: 
breast milk and direct care. It is useful to think of infancy in terms of a gradual 
transition from complete dependence on breast milk to complete dependence on 
other foods. The provision of breast milk increases during the first few months of 
life as the baby grows, and then supplemental foods are introduced at about four 
to six months of age, constituting an increasing proportion of food in the child’s 
diet as its caloric needs increasingly exceed the energy its mother can provide with 
breast milk (Oftedal 1984; Vitzthum 1994; Whitehead and Paul 1981). Ecological 
factors affect the relationship between the rate of these transitions and offspring 
survival (Lee et al. 1991). The digestibility of available foods is one such factor. 
The level of maturation of the child’s digestive system along with the hnds of 
foods available will determine the optimal age for introducing new foods and the 
optimal proportion of milk to other foods in the child’s diet at each age (Sheard 
and Walker 1988). Disease organisms are another factor. The density and intensity 
of diseases that infect individuals through ingestion should be related to length of 
the breast-feeding period for two reasons. First, breast milk increases the child’s 
immunocompetence (Hanson 1982; Howie et al. 1990). Second, babies that are 
sickly require the high-quality nutrition provided by breast milk (Sheard and 
Walker 1988). On the other hand, the relative importance of diseases that are unaf- 
fected by diet should be positively correlated with the speed of weaning, since 
breast milk will account for less of the variance in survival (Borgerhoff Mulder 
1992; Harpending et al. 1990; Pennington and Harpending 1988). 

In addition, because infancy and early childhood are also the periods during 
which offspring require the most direct care, maternal food production, and hence 
her budget for reproduction, should be affected by ecological factors affecting the 
relationship between direct care and survival. The availability of safe spaces for 
children, which should be negatively associated with mobility, and the dangers in 
the environment should both affect the age-specific benefits of direct maternal 
care. For example, Kaplan and Dove (unpublished data) found that Ache mothers 
spend much more time in tactile contact with infants and young children when on 
mobile foraging trips (about 90% of all observations of children under 4 years of 
age) than at the settlement where safe spaces are cleared for children, even after 
time spent walking and carrying children is excluded from the analysis. 

Parental investment during childhood and adolescence depends on the age- 
specific productivity of children, which in turn is also likely to depend on ecolog- 
ical factors. The dangers associated with acquisition of different food types should 
affect whether and how much children forage. This issue has received extensive 
treatment in a series of papers contrasting the foraging behavior of !Kung and 
Hadza children (see for example Blurton Jones, Hawkes, and O’Connell, in press; 
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Hawkes, O’Connell, and Blurton Jones 1997, and references cited therein). The 
costs and benefits of children’s food production differ for !Kung and Hadza for- 
agers. In the !Kung environment, foraging is dangerous for children because it is 
easy to get lost and food resources are far from water holes where camps are 
located. In the Hadza environment, topographic relief makes it harder to get lost 
and fruits are often abundant near camps. Ths favors greater protection of chil- 
dren and more provisioning by parents among the !Kung than among the Hadza. 

In addition, as discussed above, the suite of resources available and the impacts 
of skill and strength on foraging return rates should determine both children’s time 
allocation to productive labor and the total amount they produce (cf. Bock 1995; 
Draper and Harpending 1987; Hawkes et al. 1995). ChiIdren also face a potential 
tradeoff between early productivity and later adult production. This tradeoff is 
clearly evident in the development of hunting skills. Although boys spend a great 
deal of time hunting during the teen years in many hunting and gathering societies 
(see Blurton Jones et al. 1999 and Kaplan 1997 for data and discussions), they 
have very low hunting success until their mid-twenties. Thus, parents face deci- 
sions about how long and how much to provision children and adolescents on the 
basis of features of the environment that affect the productivity of unskilled and 
smaller individuals, the dangers associated with food production, and the impacts 
of nonproductive practice/learning on later adult productivity. It is the shape of the 
relationship between investments and outcomes that determines the optimal 
amount to invest. When returns on an extra unit of investment in offspring income 
or survival produce a smaller fitness improvement than a comparable investment 
in fertility, it no longer pays to invest more in the offspring, even if the investment 
is beneficial. A slightly longer nursing period, a slightly lower work requirement 
for children, and slightly more food given to children than are actually observed 
probably would increase their survival or adult income. However, natural selection 
appears to have favored people who possess psychological mechanisms that detect 
diminishing returns and to adjust investment accordingly (Borgerhoff Mulder 
1992; Harpending et al. 1990; Pennington and Harpending 1988). 

The length and intensity of parental investment during these two phases affect 
the number of children that people can afford to raise. Thus, there must be some 
mechanisms by which these parental investment decisions translate into number of 
children born. This translation process appears to be performed by physiological 
mechanisms in women. Although the exact details of the process still remain to be 
identified, it is clear that breast-feeding affects female fecundity by decreasing the 
likelihood of ovulation, and perhaps implantation (Ellison 1990; Ellison et al. 1993; 
Jones and Palloni 1994; McNeilly et al. 1985). The impacts of provisioning on fer- 
tility also appear to be mediated through the effects of women’s net energy balance 
(energy consumed less energy expended) on the likelihood of ovulation and 
implantation (Ellison et al. 1993; Huffman et al. 1987; Hurtado and Hill 1990; 
Prentice and Whitehead 1987). Women’s net energy balance should decrease as 
more food is given to children and as women work more to produce the food con- 
sumed by a family. These two main constraints on reproduction, the Iength of the 
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infancy period and the net energy balance among women, may vary in their impor- 
tance in different ecological contexts. When food is abundant, the main constraint 
on fertility may be the health impacts of weaning. This would likely correspond to 
periods of maximum population growth rates (cf. Hill and Hurtado 1996: chap. 14). 
When population density is high relative to the productivity of the environment, the 
net energy flow to women may be most important. 

To summarize, the proposal here is that selection acts on the coordinated out- 
come of mechanisms that regulate both parental investment and fertility. Invest- 
ment may be regulated by psychological mechanisms that direct attention to 
fundamental relationships between investments and outcomes and that detect 
diminishing returns to investment. Actual decisions will be the product of those 
mechanisms and some reliance on cuItural norms that benefit from accumulated 
experience. The regulation of fertility may be controlled primarily by physiologi- 
cal mechanisms responsive to breast-feeding regimes and net energy balance. This 
is not to say that people in traditional societies do not think about fertility. The 
inability to produce a child is one of the most common reasons given for divorce 
by people in traditional societies (Rosenblatt et al. 1973). Short birth spacing is 
also recognized as a problem. For example, the Ache have a term for too short of 
a birth space, and this can sometimes lead to infanticide. 

The critical constraints on fertility and parental investment appear to be the 
time needed to give intensive care to infants and very young children, and the 
energy to feed parents and multiple children of varying ages. The physiological 
mechanisms tracking breast-feeding and energy balance have evolved to respond 
to those constraints, In environments where the critical constraints on fertility and 
parental investment include extrasomatic resources, such as land, cattle, or money, 
it is unclear whether we should expect adaptive responses, given this suite of 
evolved proximate mechanisms. Since parental investment in modern societies 
does entail many kinds of goods and services other than food and direct care, there 
is reason to suspect that nonadaptive responses are likely. 

PARENTAL INVESTMENT AND LOW FERTILITY 
IN INDUSTRIAL SOCIETIES: 

THE COMPETITIVE-LABOR-MARKET MODEL 

The next step in the analysis is to determine which aspects of modernization, 
in interaction with those evolved psychological and physiological mechanisms, 
led people to lower their fertility. In brief, our theory is that skills-based competi- 
tive labor markets increased the payoffs to parental investment. When wages are 
earned in skills-based labor markets in conjunction with lower child and adult 
mortality rates, parents do not detect diminishing returns on investment in children 
until they reach very high levels. This leads to a desired investment per child that 
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does not permit more than two or three children. There is a conflict between the 
fertility schedule that our physiological response system would produce and con- 
sciously desired fertility. This has stimulated the demand for effective birth con- 
trol technology. 

In order to understand the payoffs on parental investment in modern societies, 
it is necessary to understand the processes by which wages are determined (see 
Willis 1987 for a review). Given modem technologies of production, profit- 
maximizing firms will combine labor and capital in an optimal mix to minimize 
the costs of producing the goods and services they sell. The value of labor in the 
production of goods, however, depends on the slulls and knowledge embodied in 
workers. In general, workers with greater education and skills are more valuable 
(i.e., add more to production for every hour on the job) than less skilled, less edu- 
cated workers. At the same time, acquiring slulls and education is a costly process, 
because it takes time (e.g., for every year spent in full-time schooling, there is a 
year of lost earnings) and often requires resource investments (e.g., in the form of 
tuition). Therefore, there would be little incentive to acquire skills unless skilled 
workers were paid more than unskilled workers. 

From the perspective of the firm, it must decide how many workers of each 
level of skill to hire. Diminishing returns are important here as well. For example, 
imagine a firm that already has ten managers whose education allows them to 
increase production through efficient planning. Adding the eleventh manager 
might not increase production as much as adding the tenth manager did. If man- 
agers are paid twice as much as assembly line workers, at some point adding two 
assembly line workers will increase production more than adding another man- 
ager. Thus, firms are expected to demand an optimal mix of workers of different 
levels of skill. The amount of each type they demand will depend on the type of 
good or service they produce, on the technologies of production (because they 
affect the values of workers with different levels of skill), and on the wages that 
must be paid to workers of different skill levels. 

From the perspective of a worker who will suppZy labor to some firm, he or she 
must decide how much to invest in skill and education. This will depend on both 
the cost of skill attainment and the increase in wages earned from an extra unit of 
skill. Becker’s (1975) seminal analysis showed that at the optimum, an individual 
will invest in human capital until the point where an extra unit of investment 
increases lifetime wages (in real buying power after taking the interest rate into 
account) by less than the cost of that investment (measured both in terms of lost 
wages during the training period and direct costs of schooling). 

The final result is that wages and the number of workers hired at every level of 
skill are determined by the interaction of demand for workers of different levels of 
human capital by all the firms in the economy and the supply of human capital by 
individuals who are attempting to maximize net lifetime earnings. The resulting 
equilibrium occurs when supply is equal to demand; at equilibrium, the differ- 
ences between wages paid for jobs requiring different levels of embodied capital 
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are equal to the costs of obtaining the capital, measured in terms of real lifetime 
income.4 

As in the case of traditional human societies, much of this investment in embod- 
ied capital is financed by parents. The number of children that parents can afford to 
raise will be determined by the amount they invest in each child and by their own 
income (measured in terns of both time investments and resources). Thus, in prin- 
ciple, parents face a choice between producing fewer higher-earning offspring and 
more lower-earning offspring. If all parents were equal, the theory of human capi- 
tal investment would predict that they would be indifferent to alternative combina- 
tions of child quantity and quality. Those who produced more children would have 
fewer grandchildren per child (because of their children’s lower earnings) and those 
who produced fewer children would have more grandchildren per child, with the 
net result being equal numbers of grandchildren, on average. As mentioned in the 
introduction, this is not the case empirically. Most people have few children, and 
there is either no or a negative relationship between parental income and fertility. 
One possible explanation of this finding is that higher-earning parents invest more 
in children than lesser-earning parents, producing higher-earning children in turn. 
Higher-earning parents will themselves tend to have higher levels of embodied cap- 
ital. If parents with more embodied capital can produce embodied capital in their 
children more efficiently (i.e., at less cost), then they may reach diminishing returns 
on investments at a higher level of investment than lower-earning parents with less 
embodied capital (see Becker et al. 1990 for a similar suggestion). 

First, consider inputs of parents’ time. There is significant evidence that the 
nature of parent-child interaction varies with the educational level of parents (Hart 
and Risley 1995; Hoff-Ginsberg and Tardif 1995). For example, Hart and Risley 
(1995) report that by the age of three, children hear six million words if their moth- 
ers are professionals, three million words if their mothers are “working class,” and 
only only one million words if their mothers are on welfare. By the time children 
enter the public education system there are clear differences among them in 
school-related skills, and those differences are related to socioeconomic status. 
This is illustrated in Figure 14.3A. The dotted curve depicts the relationship 
between parental time inputs and the child’s embodied capital at school entry for 
lower-earning parents with less embodied capital; the solid curve represents the 
same function for higher-earning parents. Returns diminish more rapidly for the 
former than for the latter. Therefore, parents with more embodied capital may 
actually spend more time with children if the impact of their time is greater at each 
level than that of the time of parents with less capital [T*(H) vs. T*(L)]. 

Second, the rate at which a child learns may depend on the knowledge and 
skills she already possesses. Much of the education offered in schools is based 
upon the premise that knowledge is cumulative (Cromer 1993). Basic skills are 
acquired first, and those skills are used as a foundation for the acquisition of the 
next set of skills. This would imply that the impact of the child’s time inputs would 
depend upon skills already in place. The impacts of inputs, such as child’s time, 
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Figure 14.3. Impacts of investment in children’s embodied capital as a function of 
parental embodied capital. 

parents’ time, others’ time (e.g., teachers), and resources, will be greater as the 
recipient’s (i.e., the child’s) stock of embodied capital increases. This is important 
because it means that at each age, optimum investment in the child will be a pos- 
itive function of the skills the child already possesses, and that variance in invest- 
ment will increase with age. Thus, skilled parents should invest more, and parents 
should also invest more in children who are receiving inputs from higher-quality 
schools. This is illustrated in Figure 14.3B. With each additional year spent in 
school, the embodied capital of children from different backgrounds becomes pro- 
gressively greater. Again, this may mean that optimal years of schooling (i.e., to 
the point at which an extra year of schooling lowers lifetime income) for children 
whose parents have less embodied capital will be lower than those whose parents 
have more [Y*(L) vs. Y*(W)]. 

If this is true, it has important implications for the supply of and demand for 
embodied capital in the labor force. Now, the optimal level of investment in chil- 
dren may vary with income. Given the empirical finding that parental income is 
unrelated to fertility, this would suggest that optimal investments in children 
increase linearly with income. 

This within-population heterogeneity in the costs of embodying capital in chil- 
dren means that diminishing returns on parental investment are not determined by 
the environment as they would be in primary production economies, but are fre- 
quency dependent. First, consider the jobs requiring the highest skill levels. Those 
jobs would be filled by individuals with the lowest costs of skill acquisition in 
decreasing rank order until the point is reached when the next cheapest worker is 
more expensive than the product she produces. Since firms would not be willing 
to pay more than she produces, the wage would not justify the extra investment in 
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education. Her parents would therefore invest less in her than would be necessary 
to obtain the highest-level jobs, and she would find employment in the next tier of 
skill. That tier would then be occupied by individuals in decreasing rank order 
until the next cheapest worker will not be paid enough to compensate for skill 
embodiment. This process would continue through the lowest-level jobs in the 
economy. 

Next, consider the related proposition that technological change in production 
will be positively reIated to the stock of embodied capital at the population level 
(Becker et al. 1990). If higher levels of general education of the population are 
associated with more rapid technical progress, the demand for more skilled work- 
ers will increase as more investment is made in education. Through time, then, the 
demand for new levels of skill will grow. For the simple model, this would imply 
that skilled parents not only would have the option of producing children of equal 
or less skill, but will have the opportunity to reinvest the dividend from their own 
educational investments in even higher levels of slull for their children. As long as 
technology is constantly growing and generating demand for new levels of skill, 
sustained fertility reduction over many generations is possible. 

Although the continual intergenerational reinvestment of dividends from 
investments in embodied capital seems hard to sustain indefinitely, it does seem 
consistent with the past century of technological growth and increasing investment 
in education (see, for example, Denison 1985; Lesthaeghe and Wilson 1986; Lin- 
dert 1986). In fact, there may be some  excess^' return from education, especially 
at high levels, if there is a significant lag between increases in demand for skilled 
labor and corresponding increases in supply, Since the embodiment of skills takes 
time, some lags between demand and supply are likely. This would lead to higher 
rates of return on investments than would be expected at equilibrium. Such 
“excess” returns could drive fertility to a minimum level. 

So far, we have considered only fertility reduction and not the quantitative level 
of fertility. We have also neglected the integer constraints on fertility and have 
treated fertility as if it were continuous (but it is not possible to have, for example, 
2.3 children). However, minimum fertility greater than zero is one. If there were 
excess returns on investments in embodied capital, one might expect most people 
to have one child. Yet evidence suggests most people consider an only child to be 
undesirabIe and have a target fertility of two or three. There is also evidence that 
singleton children do not differ in education and achievement from children raised 
in two-child families (Blake 1989). Yet families with more than two children do 
show reductions in educational and income achievement (Blake 1989; Kaplan et 
al. 1995). This suggests decreases in family size below two children do not 
increase the total capital embodied by children. 

This lack of effect may be due to several factors. Some of the costs of invest- 
ment in embodied capital may be fixed (see Becker 199 1 for an analytical treatment 
of fixed and variable costs). The choice of neighborhood to live in and the taxes paid 
for social services, including public education, are obvious examples of fixed costs. 
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Thus as fixed costs become an increasingly large proportion of total costs, the 
reduction from two to one child may have less of an impact on the resources par- 
ents have to invest in children. Also, men in focus-group discussions in Albu- 
querque expressed the opinion that interactions with siblings were an important 
contribution to development, and that mutual assistance among siblings was heIp- 
ful in attaining life goals. Regardless of the reasons for this lack of impact, there 
seems little positive incentive to reduce fertility below two. Moreover, since num- 
ber of children is not continuous, a reduction of fertility below two requires a 50% 
change in fertility. This fact, coupled with the risk associated with the possible loss 
of an only child, creates a large disincentive. Therefore, the two child family may 
be the result of two competing eyffeects: ( I )  technological growth, with an increas- 
ing premium paid for skills and education driving fertility to a minimum; and (2 )  
high risk and lack of benefits associated with a reduction to one child. 

EMPIRICAL PREDICTIONS DERIVED FROM THE MODEL 

To summarize, we propose that two characteristics of modern economies might 
be sufficient to account for a period of sustained fertility reduction and for a cor- 
responding lack of variation in fertility across income levels. The first characteris- 
tic is the direct link between costs of investment and wage rates owing to the forces 
of supply and demand for labor in competitive economies. The second is the 
increasing emphasis on cumulative knowledge, skills, and technologies in the pro- 
duction of resources. These two characteristics may together produce the histori- 
cally novel situation in which (I)  investments in offspring income do not reach 
diminishing returns until very high levels, and (2) embodied capital of parents is 
positively associated with returns on investment in embodied capital of children, 
with diminishing returns at the individual level set by the frequency-dependent 
costs of skill embodiment across the population. 

These propositions generate a series of predictions with respect to fertility, 
parental investment, and child outcomes. Patterns of fertility should reflect invest- 
ments in embodied capital and efficiency in the production thereof. First, the 
observed relationship between income and fertility (i.e., no effect) should be the 
result of two opposing causal processes. Increased resources should be associated 
with higher fertility, but incr.eased efficiency in the production of human capital 
should decrease fertility. However, since education and training affect both 
income and efficiency in the production of human capital in the same direction, 
the two opposing effects cancel each other out. Second, two kinds of fertility 
effects of embodied capital should be discernible. One effect is due to investments 
in one’s own ernbodied capital. Men who invest more in their own training and 
education are expected to delay fertility. Another effect is due to increased invest- 
ment in offspring embodied capital. When income is held constant, more-educated 
men are expected to stop reproducing at lower parities. Third, education has 
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become increasingly important in determining economic outcomes during the 
course of this century (Burck 1976; Herrnstein and Murray 1994:93; Newcomer 
1955; Vinovskis 19941, so we should find a pattern of increasing importance of 
education in determining fertility. 

A similar series of predictions can be generated with respect to parental invest- 
ment. First, within economic strata, more-educated parents should invest more 
time and resources in each child as well as having lower fertility. This should be 
especially true of investments in the child’s education. Second, parental education 
should be negatively related to the probability of ceasing to live with an offspring, 
since the negative effect of lowered parental investment will be greater for chil- 
dren of more educated parents. Third, more academically able children should 
receive higher levels of investment (especially, school-related investment) than 
less able children, even within families, because there are higher returns to invest- 
ment in their human capital (see Becker and Tomes 1976 for a similar argument). 
Fourth, levels of investment at different stages of the child’s development should 
be positively correlated with one another, contingent on the child’s progress. The 
quantity and quality of early investments should positively affect early educational 
performance that should, in turn, positively affect later investments. The loss of 
parental investment from dissolution of the marital relationship should also have 
a negative impact on child outcomes. 

METHODS 

As discussed in Chapter 9, the research design for the Albuquerque Men sam- 
ple consisted of two complementary interviews, a short interview administered to 
a large, representative sample and a longer interview administered to a subset of 
those men. Between July 1990 and July 1993, 7,107 short interviews and 1,325 
long interviews were conducted. 

The Interviews 

The short interview was designed to obtain the following information on the 
respondent: place and year of birth, ethnicity, education, religion, income, current 
mate’s income, years in Albuquerque, number of years lived with each biological 
parent, number of half and full siblings, the fertility and age of siblings, number 
and age of biological children, years lived with biological children, number of 
spouses and women with whom he had children, and the number of step and fos- 
ter children he parented. Information on the respondent’s parents’ place and year 
of birth, education, ethnicity, income, and standard of living were also collected. 
The long interview collected the following information: 

1.  Basic demographic information about the respondent’s father, his paternal 
grandfather, his mother, and if his biological parents did not raise him, his 
primary male and female caretakers. 
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2. The financial investments made in the respondent by the previous genera- 
tion, including support for advanced training or education, starting a busi- 
ness, buying a first home, a wedding or establishing a nest egg, and living 
expenses after marriage. 

3. The respondent’s employment and income history. 
4. Parental investment in each of the respondent’s full and half siblings, 

including how the estates of his father and mother were divided, support 
given to the parental household by the respondent and his siblings, and the 
use of physical force on the sibship by parents or primary caretakers. 

5. The man’s sexual unions, marital relationships, and any relationship that 
produced a pregnancy, including basic demographic data on the woman, 
her income and employment history, his attitude about her working, her 
personality and physical characteristics, conflict over fertility and financial 
decisions, additional sexual partners of each and their impact on the rela- 
tionship, causes of any breakups of relationships, techniques of conflict 
resolution, the use of physical force, information about the relationship 
after it broke up. 

6. A history including outcomes of all pregnancies that the respondent 
believes or suspects, or someone claimed, he fathered. 

7. The parenting of children, both genetic and nongenetic, including infor- 
mation on investment given to each child in elementary and high school; 
the child’s qualities; the way in which he/she was parented; the child’s 
behavioral characteristics; reproductive history; achievements after age 18 
(with a special series of questions if the man did not live with the child until 
age 18 as to why they were separated and what investment the man made 
in the child); financial investments in all children after the age of 18; 
money spent on each child during the previous year; the use of physical 
force or punishment on any of the children parented; and support given by 
any of these children to the respondent’s household. 

8. Life course strategies, including data on reproductive or family composi- 
tion preferences; reasons for not having more children; reasons for not 
reproducing at all; financial strategies; attitudes about women, relation- 
ships, and commitment; engagement in behaviors used by men to get 
women to have sex with them; total numbers of sexual partners during 
stages of the life course; and risk-taking behaviors that affect morbidity 
and mortality. 

The Sample 

The total short interview sample of 7,107 men comprised 2,789 Hispanics, 
3,762 Anglos, and 556 others who were interviewed between July 1990 and July 
1993.5 The long interview sample consisted of 401 Hispanics, 858 Anglos, and 66 
others. In New Mexico, the term “Hispanic” is preferred over “Latino” because 
most people consider themselves native New Mexicans, tracing their family history 
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of residence in this area as far back as living memory extends. In our sample, very 
few Hispanics were of Mexican origin, and even fewer were from other Latin coun- 
tries. “Anglo” (an ethnic classification peculiar to the Southwest) refers to non- 
Hispanic men who classify themselves as white. 

Potential respondents for the short interview were solicited at the Bernalillo 
County Motor Vehicle Division (MVD) that served all of Albuquerque. All men 
who appeared to be over 18 years of age were considered eligible €or initial 
screening and were approached as they received a driver’s license photo. If they 
agreed to the short interview, which took about seven minutes to administer, it was 
immediately conducted in a private area. On the basis of the answers to the short 
interview questions, eligibility €or inclusion in the long interview sample was 
determined, The criteria for eligibility were (1) being age 25 or over and (2) hav- 
ing come to the MVD for the purpose of license origination, renewal, or for a 
photo ID. The purposes of the study then were explained to eligible men in more 
detail and they were offered the opportunity to participate in the long interview, 
for which they received a $30 payment. An appointment was then made to conduct 
the long interview in either a mobile office vehicle, an office at the University of 
New Mexico, or at their homes. 

Sampling men who are renewing or obtaining driver’s licenses and photo IDs at 
the MVD provides a highly representative sample of the male population in Albu- 
querque. It is the largest city in New Mexico with a population in I990 of 480,577 
(US. Department of Commerce 1992), approximately 32% of the state’s popula- 
tion lives in greater Albuquerque. More than 95% of all New Mexican males over 
age 20 have a current driver’s license (U.S. Department of Transportation 1993), 
compared with an estimated 93.5 % telephone availability for the Albuquerque area 
(U.S. Department of Commerce 1992). In addition, individuals who do not drive 
use the MVD to obtain valid photo IDs. Drivers’ licenses and IDs must each be 
renewed every four years. By sampling only men who are waiting for license and 
ID photos, men who visit the MVD more frequently (those who do not have check- 
ing accounts and cannot register vehicles by mail, those who frequently pay fines, 
those who frequently sell and purchase vehicles, etc.) are not over-represented in 
the sample. Groups who are likely to be absent or under-represented among the 
licensed drivers include the elderly, disabled, institutionalized, transient, extremely 
poor, and criminal. These groups are also likely to be under-represented or unco- 
operative in most other sampling frames as well. 

Evaluation of Sample Bias 

The methods employed in this study provided several avenues for evaluating 
potential biases in the composition of the sample. After the first 850 interviews 
were collected, we compared the demographic characteristics of the sample we 
obtained with data from other sources such as the census. We arrayed the age and 
ethnic distributions of our sample against those of licensed drivers and the census 
population data for males. There were no significant differences in any of these 
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comparisons. In fact, the ethnic breakdown of the sample obtained at the MVD is 
almost identical to that obtained from the 1990 Census (US. Department of Com- 
merce 1991, 1992). 

We also examined refusals. About 78% of all men approached agreed to the 
short interview. One factor that predicted refusals is whether the potential respon- 
dent was alone or accompanied at the MVD; accompanied men refused 28% of 
the time whereas men who were alone refused only 18% of the time. No other 
biases such as age or time of day were detected. Refusals decreased steadily 
through time because of improved interviewer training. 

Following this phase of unbiased sampling, we increased the proportional rep- 
resentation of Hispanics and others by not interviewing Anglos on about 20% of 
sample days. In this way, we obtained a sample that was 53% Anglo, 39% His- 
panics, and 8% other ethnicities. 

Refusals to participate in the long interview have also been analyzed. Early 
indications suggested that Hispanics were more likeIy to refuse. We conducted an 
experiment to determine whether Hispanic short interviewers were more effective 
with Hispanic respondents in obtaining agreement to participate in the long inter- 
view. Our analysis showed that 64% of Hispanic respondents agreed to conduct 
the long interview when the interviewer was also Hispanic but only 27% agreed 
when the interviewer was Anglo. Hispanic and Anglo interviewers were almost 
equally successful with Anglo respondents, achieving 53% and 58% acceptance 
rates, respectively. On the basis of these results, we increased the percentage of 
Hispanic interviewers to 75%. With the exception of education, which was posi- 
tively associated with probability of acceptance, men’s income, number of chil- 
dren, and other background variables did not associate with probability of 
acceptance. 

RESULTS 

Although the lifetime data show no net effects of income on completed fertil- 
ity (Kaplan et al. 1995, 1998), the relationship between fertility and income is, in 
fact, complex and bidirectional. Education is a major pathway to higher income, 
and education clearly depresses fertility at young ages. Table 14.1 summarizes the 
results of a set of logistic regression analyses designed to determine the impacts 
of education and income on the probability of having a child during a year at risk, 
using data from the short interview sample. A11 years from age of 15 to age 49 are 
in the risk set. One regression analysis was conducted for each age class and eth- 
nicity. Income at the time of the interview was controlled for in each analysis. 
Although it would have been preferable to control for income during each year at 
risk, only the long interview data allow for that analysis (presented below in Table 
14.4). In these analyses, we also controlled for period (i.e., whether the year at risk 



302 Hillard S. Kaplan and Jane B. Lancaster 

TabEe 14.1. Effect of each additional year of education and each additional thousand dol- 
lars of income on male fertility by age class and ethnicity 

Age Education Educatiorr Partial Income Income Partial 
Class N Parameter Odds Ratio p Parameter Odds Ratio p 

All 

20-24 
25-29 
3&34 
35-39 
4&44 
45-49 

Anglo 

20-24 
25-29 
30-34 
35-39 
40-44 
45-49 

Hispanic 

15-19 

15-19 

15-19 
20-24 
25-29 
3&34 
35-39 
40-44 
45-49 

29,873 
29,868 
29,812 
26,704 
21,627 
16,474 
12,028 

17,378 
17,373 
17,347 
15,960 
13,435 
10,602 
8,028 

12,495 
12,495 
12,465 
10,744 
8,192 
5,872 
4,000 

-0.19 
-0.12 
-0.05 
-0.00 
0.03 

-0.01 
0.03 

-0.24 
-0.15 
-0.03 
0.01 
0.05 
0.03 
0.08 

-0.17 
-0.10 
-0.06 
-0.02 
0.00 

-0.03 
-0.00 

0.83 
0.89 
0.96 
1 .oo 
1.03 
0.99 
1.03 

0.79 
0.86 
0.97 
1.01 
1.06 
1.03 
1.08 

0.85 
0.90 
0.94 
0.98 
1 .oo 
0.98 
1 .oo 

0.0001 
0.0001 
0.0001 
0.5 120 
0.0014 
0.6947 
0.2792 

0.0001 
0.0001 
0.0003 
0.2228 
0.0001 
0.1902 
0.0289 

0.0001 
0.0001 
0.0001 
0.0489 
0.8054 
0.2155 
0.9364 

0.008 
0.005 
0.006 
0.004 
0.000 

-0.003 
-0.006 

0.005 
0.005 
0.007 
0.005 
0.00 

-0.001 
-0.002 

0.01 
0.004 
0.005 
0.004 
0.003 

-0.009 
-0.023 

1.008 
1.005 
1.006 
1.005 
1 .ooo 
0.997 
0.994 

1.005 
1 .OO5 
1.007 
1.005 
1 .oo 

0.999 
0.998 

1.01 
1.004 
1.005 
1.004 
1.003 
0.991 
0.977 

0.007 
0.0001 
0.0001 
0.0001 
0.73 
0.16 
0.13 

0.30 
0.002 
0.0001 
0.0001 
0.8 1 
0.63 
0.70 

0.015 
0.025 
0.003 
0.038 
0.27 
0.079 
0.023 

occurred before, during, or after the baby boom), and for ethnicity, in the analyses 
dealing with “all” men. 

The column labeled N is the sample size in risk years for the specific five-year 
age class. The education and income parameters are the maximum likelihood esti- 
mators of the impact of an additional year of education and an additional thousand 
dollars of income, respectively, on the log odds of a birth occurring. The odds ratio 
can be interpreted as approximating the relative risk resulting from a unit change 
in the independent variable when event probabilities are close to zero. Odds ratios 
of one indicate no effect on the probability of the event occurring (in this case, on 
the probability of having a child in a year at risk), because the relative risk is the 
same; odds ratios of less than one mean that an increase in the independent vari- 
able decreases the likelihood of the event occurring, and odds ratios greater than 
one reflect an increase in the likelihood. For example, in the first row of Table 14.1, 
the education odds ratio of .83 means that the relative risk of giving birth between 
ages 15 and 19 decreases by 17% for each additional year of education. However, 
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care must be used in interpreting odds-ratios. First, the odds ratio becomes 
increasingly different from relative risk as the probability of the event increases, 
and it is not a very good estimator of relative risks for probabilities above 0.1. Sec- 
ond, the odds ratio depends upon the units chosen for measurement. In Table 14.1, 
income is measured in thousand dollar units so that the odds ratio refers to the 
effect of a $1,000 change in income, whereas education is measured in units of one 
year. The column labeled partial p refers to the probability that the education and 
income parameters are actually zero for the population as a whole (i.e., there is no 
effect), given the estimated value of the sample statistic and after controlling for 
the effects of the other independent variables. For example, in the first three age 
classes, there is less than a one in ten thousand chance that education is really not 
associated with the probability of giving birth, given the data in our sample. 

The results show that fur both Anglos and Hispanics education has a strong 
negative effect on reproduction during the late teens and even through the twen- 
ties. It gets gradually weaker with age and, in fact, is mildly positive among An- 
glos in the 35-39 and 45-49 age classes, suggesting differential scheduling of 
births. In these analyses, income at the time of the interview either has a small pos- 
itive effect or no effect on fertility, after education is controlled. The effect of 
income is generally positive at the ages when the effect of education is negative, 
suggesting that finances are a constraint on early reproduction. 

The impact of education on reproduction has increased through time. Table 
14.2 presents the results of logistic models in which the log odds of a birth occur- 
ring in a year at risk prior to the age of 30 are regressed on education by decade of 
birth and ethnicity. For both AngIos and Hispanics, the negative effect of educa- 
tion increases dramatically for men born after 1940. Again, we find that, in gen- 
eral, the positive effect of income is greater for later cohorts among whom the 
negative effect of education is greater.6 

There are also period-parity interactions in fertility. Table 14.3 shows the 
results of logistic models in which the probability of a birth is regressed on period 
by parity. The baseline period is all years of risk between 1946 and 1962. The pre- 
boom period (before 1946) and the post-boom period (after 1962) are then com- 
pared with the boom period. For both Anglos and Hispanics, the probability of j rs t  
reproduction (i.e,, at parity zero) is about half as high during the pre-boom period 
(see the odds ratio column). This reflects the much later ages at first reproduction 
during the depression and war years. For the post-boom period, Anglos delay 
reproduction relative to the boom period (odds ratio = .85), but Hispanics initiate 
reproduction sooner (odds ratio = 1.13). The progression from one child to two 
children also occurs more rapidly during the boom period for both Anglos and 
Hispanics, but the pre- and post-boom periods are not significantly different. The 
higher parity progressions show a very different trend. There is no significant dif- 
ference between the boom and preceding periods in the progressions from two or 
more children to the next higher parity; however, after the baby boom, men are less 
than half as likely to progress from two or more children to the next higher parity. 
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Table 14.2. Effect of each additional year of education and each additional thousand dol- 
lars of income on fertility for men under 30, by decade of birth 

Decade Education Education Partial Income Income Partial 
of Birth N Parameter OddsRatio p Parameter Odds Ratio p 

All 
< 1920 
1920-1929 
1930-1939 
1940- 1949 
1950-1 959 
1960+ 

Anglos 
< 1920 
1920-1929 
1930-1939 
1940-1 949 
1950-1959 
1960+ 

Hispanics 
< 1920 
1920-1 929 
1930-1939 
1940-1 949 
1950-1 959 
1960+ 

8,085 
7,410 

11.910 
24,675 
30,765 
6,705 

6,585 
5,100 
7,350 

14,400 
15,960 
2,700 

1,500 
2,310 
4,560 

10,275 
14,805 
4,005 

-.05 
-0.03 
-0.05 
-0.10 
-0.12 
-0.10 

-0.05 
-0.02 
-0.05 
-0.1 1 
-0.14 
-0. I5 

-0.02 
-0.03 
-0.05 
-0.09 
-0.10 
-0.09 

0.96 
0.97 
0.95 
0.9 I 
0.89 
0.90 

0.95 
0.98 
0.95 
0.90 
0.87 
0.86 

0.98 
0.97 
0.95 
0.9 1 
0.91 
0.92 

0.0033 
0.0244 
0.0106 
0.0001 
0.0001 
0.0001 

0.0148 
0.1828 
0.0001 
0.0001 
0.000 1 
0.0005 

0.5796 
0.1782 
0.0003 
0.OOOI 
0.0001 
0.000 1 

-.o 1 
0.00 
0.003 
0.006 
0.007 
0.005 

-0.002 
0.004 
0.001 
0.006 
0.012 
0.009 

-0.022 
-0.006 

0.010 
0.007 
0.002 
0.003 

0.995 
1 .oo 
1.004 
1.006 
1.007 
1.005 

0.998 
0.977 
1.001 
1.006 
1.012 
1.009 

0.978 
0.994 
1.010 
1.008 
1.002 
I .U03 

.04 
0.40 
0.0 1 
0.0001 
0.0001 
0.17 

0.50 
0.18 
0.44 
0.0002 
0.0001 
0. I6 

0.001 
0.18 
0.0003 
0.0007 
0.28 
0.53 

Table 14.4 examines marital and cohabiting fertility with the smaller, but more 
detailed, long interview sample. It dispIays the results of a logistic model of the 
predictors of the probability of a first birth. With respect to ethnicity, it shows that 
Anglos are only 93% as likely to reproduce in a given year than are Hispanics. The 
period effects on maritalkohabiting fertility reveal the different causal processes 
at work in determining total fertility for the different periods. The pre-boom period 
is the baseline. The probability of a birth is about 62% higher during the boom 
period, and only half as high during the post-boom period relative to the pre-boom 
baseline. For Anglos, total fertility rates are almost the same for cohorts repro- 
ducing prior to the baby boom as for those reproducing after the baby boom 
(Kaplan et al. 1995), whereas marital fertility is much higher prior to the baby 
boom. This shows that the low completed fertility prior to the baby boom is due 
primarily to delay in marriage and higher overall rates of non-reproduction, 
whereas the low completed fertility after the baby boom is due to decreased mar- 
ital fertility. To examine the parity effects, a parity of zero is used as the baseline. 
Since all years from age of 15 to age 49 define the risk set, the lowest probability 
of reproduction occurs before the first birth. After the first birth, men are almost 
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Table 14.3. Effect of period on male fertility, by previous parity" 
~~~~~ 

Anglo Hispanic All 

Period Odds Partial Period Odds Parrial Period Odds Partial 
Parity N Period Parameter Ratio p N Period Parameter Ratio p N Period Parameter Ratio p 

0 56,652 Pre -0.73 0.48 
Post -0.16 0.85 

1 13,565 Pre -0.43 0.65 
Post -.54 0.58 

2 15,995 Pre -.I0 0.90 
POSC -0.78 0.46 

3 8,277 Pre -0.06 .94 
Post -1.06 0.35 

4or 5,634 Pre 0.04 1.04 
More Post -.SO 0.45 

0.0001 3 1,662 
0.0005 
0.0001 9,476 
0.0001 
0.57 10,809 
0.0001 
0.85 7,248 
0.0001 
0.96 7,068 
0.0001 

Pre 
Post 
Pre 
Post 
Pre 
Post 
Pre 
Post 
Pre 
Post 

-.95 
0.12 

-0.47 
-0.47 

0.01 
-1 .oo 

0.56 
-I .23 
-0.00 
-1.15 

0.39 
1.14 
0.62 
0.63 
1.01 
0.37 
1.75 
0.29 
I .oo 
0.32 

0.0001 88,314 
.03 

0.02 23,014 
0.000 1 
0.97 26,804 
0.0001 
0.08 15,525 
0.0001 
1.00 12,702 
0.000 1 

Pre -0.80 0.45 

Pre -0.50 0.61 

Pre -0.11 0.9 

Pre 0.20 1.22 

Pre 0.12 1.13 

Post -.02 0.98 

Post -.45 0.64 

Post -0.71 0.49 

Post -1.04 0.35 

Post -0.97 0.38 

0.0001 
0.50 
0.0001 
0.0001 
0.45 
0.0001 
0.39 
0.0001 
0.68 
0.000 1 

*The baby boom period, 1946-1 962, are the reference years at risk (i.e. odds ratio=l .OO). All parameter estimates, odds ratios, and p-values compare 
years at risk during the pre- and post-boom periods to the reference years. Separate analyses were conducted for each parity progression 
(parity 0 is for years at risk before the respondent began reproducing, parity 1 is for years at risk between the birth of the first child and the 
birth of the second child, etc.). 
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Table 14.4. Logistic regression model for the probability of birth for married and cohab- 
iting couples (N = 10,210, x2 = 1661.1, p < 0.0001) 

Standardized 
Parameter Parameter Wald Partial Odds 

Variable df Estimate s.e. Estimate x2 P Ratio 

Intercept 
Anglo 
During Boom 
Post Boom 
Parity of 1 
Parity of 2 
Parity of 3 
Parity of 4 
1 st year followng 

a birth 
2nd year following a 

birth 
Her education (yrs) 
His education (yrs) 
No. of her h d s  from 

prev. relationships 
No. of his kids from 

prev. relationships 
Income (in 

thousands of 
1990 dolIars) 

Her age 
Her age (squared) 

1 
1 
1 
1 
1 
1 
1 
1 

1 

1 
1 
1 

1 

1 

1 
1 
1 

-4.65 0.81 
-0.08 0.02 

0.49 0.17 
-0.59 0.17 

1.08 0.09 
0.23 0.12 
0.20 0.17 
0.95 0.19 

-5.45 0.7 1 

-4.5 1 0.59 
-0.05 0.02 
0.0 1 0.0 1 

-0.17 0.08 

-0.07 0.08 

0.015 0.00 
0.43 0.06 

-0.01 0.00 

- 

-0.07 
0.10 

-0.13 
0.24 
0.05 
0.04 
0.14 

-0.87 

-0.63 
-0.08 
0.02 

-0.08 

-0.03 

0.06 
1.87 

-2.93 

33.24 
12.70 
7.68 

12.48 
130.41 

3.75 
1.49 

25.57 

58.64 

59.97 
11.44 
0.40 

4.94 

0.93 

7.15 
54.25 
96.63 

0.0001 
0.0004 
0.0056 
0.0004 
0.0001 
0.0528 
0.2224 
0.000 1 

0.0001 

0.0001 
0.0007 
0.5277 

0.0262 

0.3343 

0.0075 
0.000 1 
0.0001 

0.01 
0.93 
1.62 
0.55 
2.94 
1.25 
1.22 
2.59 

0.004 

0.0 1 
0.95 
1.01 

0.84 

0.93 

1.015 
1.54 
0.99 

(After Kaplan et al. 1998) 

three times as likely to have a second child in a given year. The progressions to 
higher parities, while higher than the probability of first birth, are much lower than 
the progression probability from first to second birth. Birth spacing effects are evi- 
dent as well. The baseline is no child under the age of two. Not surprisingly, if 
there is a child of one year or younger, the probability of the next birth is only .4% 
as likely. If the chiId is between one and two years of age, a birth is 1% as likely. 

The data also show that the characteristics of a man’s mate are highly detenni- 
nate of fertility rates. The effects of a man’s education on fertility appear to oper- 
ate solely through his mate’s education (the Pearson correlation between the two 
is 5). When both a man and his mate’s education are in the regression model, the 
woman’s education has a strong negative effect on fertility (the odds ratio is -95 
for each additional year of education), but the man’s education is not significant. 
In addition, if his mate has children from a previous marriage, they are also less 
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likely to reproduce (see below). If a man has children from a previous relationship, 
on the other hand, there is no significant decrease in the likelihood of having a 
child. Since the long interview sample contains data on income earned during each 
year of a man’s life, we can also assess the impact of income on fertility. A man’s 
income in a given year is positively associated with the probability of having a 
child. This reduces the negative effect of education on fertility. 

These data on male fertility indicate that both the onset of reproduction and 
parity progressions have changed through the course of the century. Age at first 
reproduction is high for men born early in the century, decreases for men born in 
1920-1939, and then increases for men born after 1940. The effect on fertility of 
investment in the man’s own human capital, as measured by years of education, is 
greatest before the age of thirty. This reflects its greater impact on the onset of fer- 
tility than on parity progressions after the first child. However, the impact of 
investment in one’s own human capital on the onset of fertility appears to have 
changed through time. For men born during the early part of the century, years of 
education have little effect on age at first reproduction. The delaying effect of edu- 
cation on fertility has increased through time. 

One interpretation of these results is that the Great Depression of the 1930s and 
the World Wars delayed fertility for all men. During the postwar baby boom, low- 
cost loans for affordable housing and the GI bill allowed men to reproduce at ear- 
lier ages, even though investment in education was increasing. Following the baby 
boom, the onset of fertility is again delayed for everybody, but especially for men 
investing more in human capital. This may reflect increasing costs of education as 
well as increasing importance of education in the determination of wages (Burck 
1976; Herrnstein and Murray 1994:93; Newcomer 1955; Vinovskis 1994). 

The onset of reproduction is probably determined by many factors. In addition 
to investment in human capital, men must obtain a partner and acquire the 
resources necessary for reproduction. This is probably why there is a significant 
delay between completion of schooling and median age of first reproduction 
(between four and ten years, depending upon ethnicity, cohort, and educational 
level attained; Kaplan et al., 1998:Table 5). Examination of fertility onset among 
men without a high school education suggests that those other factors were more 
important during the early part of this century. Perhaps the earlier onset of repro- 
duction among less educated men in recent cohorts is due to the fact that acquir- 
ing the resources for reproduction is less of a constraint now that there are social 
welfare supports for poor families. It is also possible that educated men are now 
engaging in more postgraduate on-the-job training. In both national samples (U.S. 
Department of Commerce 1985) and the Albuquerque sample, men with higher 
education exhibit greater increases in wages with increasing employment experi- 
ence than do men with fewer years of education. This may also account for an 
increasing delay in the onset of fertility with education. Finally, because the edu- 
cational attainments of spouses are becoming increasingly correlated (Mare 199 1) 
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and because women’s education is increasingly associated with delayed repro- 
duction (Bianchi and Spain 1996), some of these time trends among men may 
reflect changes in education, work, and reproduction among women. 

There has also been major historical change in the higher parity progressions. 
For Anglos, the hazard of progressing from one parity to the next is greater during 
the baby boom than either prior to or after that period. Different causal processes 
appear to be underlying the low completed fertility prior to and after the baby 
boom. The principal cause of low fertility prior to the boom is the low hazard of 
progression from zero children to the first child. Following the boom, the low fer- 
tility is also due to the low hazard of progressing from two to more children. Per- 
haps this change reflects an increasing trend towards investing in the human 
capital of children and increasing costs of educating them. Men today are much 
more likely to stop reproducing at the second or third child. Many men who par- 
ticipated in focus group discussions conducted as part of the Albuquerque Men 
project reported that they consciously decide to stop reproducing at low parities so 
that they could both invest more time in their children and provide them with fund- 
ing for education. 

The analysis of the long interview data on marital fertility suggests that once a 
union is established, it is the man’s partner’s level of education, rather than his 
education, that significantly lowers marital fertility. One way men may opt into a 
parental investment strategy is through the selection of a partner. Men marrying 
educated women may be selecting a low-fertility, high-investment strategy. It is 
also interesting that after controlling fur partner’s education, male income posi- 
tively affects fertility. This result runs counter to conventional wisdom. 

Investment 

Parental investment in children is multidimensional and difficult to measure. 
Men can spend time with their children, take an active interest in their develop- 
ment, spend money on them directly, and attempt to influence their well-being 
through the choice of a partner, residential location, and school system. Here we 
examine time investments and monetary expenditures, and in Chapter 9 (Lan- 
caster and Kaplan, this volume) we treat divorce and separation from children. 

Table 14.5 presents the analysis of men’s time investments in children during 
their elementary school years. The dependent variable is an index of time involve- 
ment, derived from summing time spent alone with the child between the ages of 
5 and 12 (in five levels, for ranges of average number of hours per week) and 
involvement in the child’s education (low = 1, mid = 3, and high = 5). Hispanic 
men report higher time involvement with children than Anglos. Neither sex nor 
income appears to have any effect, although there is a nonsignificant trend towards 
slightly more involvement with boys. Men report much lower time involvement 
with children who are not their biological offspring. Similarly, the number of sib- 
lings within two years of the focal child is negatively associated with time involve- 
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Table 14.5. Least squares regression model of men’s time investment in elementary- 
school-aged children (N = 1,173, F = 18.91, p < 0.001, R2 = 0.115) 

Parameter Standardized T for HO: 
Variable df Estimute s. e. Estimate Parameter=O Prob > ITI 

Intercept 
Anglo 
Child Sex 
Income when child 

was 5” 
Unrelated child 
No. of siblings 2 yrs 

older or younger 
Child’s year of birth 
His education (years) 
His assessment of 

child’s intelligence 

1 
1 

I 

-30.55 
-0.70 
4 . 1 8  

-0.00 
-0.58 

-0.39 
0.018 
0.07 

0.46 

9.77 
0.14 
0.12 

0.00 
0.16 

0.09 
0.01 
0.02 

0.07 

0.00 
-0.15 
-0.04 

-0.02 
4.10 

-0.13 
0.11 
0.11 

0.18 

-3.06 
-4.96 
-1.55 

-0.60 
-3.69 

-4.60 
3.63 
3.53 

6.33 

0.0022 
0.0001 
0.1219 

0.5469 
0.0002 

0.0001 
0.0003 
0.0004 

0.000 1 

*In thousands of 1990 dollars 

ment, suggesting a dilution effect. Men’s time involvement has increased during 
this century, as the child’s year of birth is positively associated with investment. 
Both the respondent’s education and his assessment of the child’s scholastic intel- 
ligence are positively related to time involvement. Only 11.5% of the variance in 
the dependent variable, however, is accounted for by the independent variables in 
the model. 

Table 14.6 examines financial support by the respondent for offspring’s higher 
education. The cause-and-effect relationship between educational attainment and 
support for education is difficult to disentangle. If a child decides not to attend col- 
lege, it is not possible to provide support for college; however, it is also possible 
that a lack of support is the cause of nonattendance. For this reason, we restrict our 
analysis to only those children of the respondent who attended college, about half 
of whom received some support. A logistic regression analysis was conducted. 
Hispanics are less likely to provide support. Number of siblings (i.e., the child’s 
number of living siblings when he/she reached age 18) is negatively associated 
with support, and the effect is strong. The respondent’s income is also associated 
with the probability of support, although his mate’s is not. The education of both 
mother and father are significant with small effect sizes, as is the father’s prior 
time involvement with the child (i.e., when shehe was in elementary school; see 
definition above). 

Again, we find strong effects of biological paternity. Men invest less in children 
from previous unions of their mate. Both time investment and support during the 
college years is greater for genetic offspring than for a mate’s child. In addition, 
the investment in a mate’s child is contingent on a continuing relationship with 
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Table 14.6. Logistic regression model of the probability of a man providing financial support for an 
offspring’s higher education (N = 387, x2 = 84.2, p c 0.0001) 

Parameter Partial Odds 
Estimate s. e. z P Ratio Variable 

Intercept 
Offspring’s year of birth 
Man’s year of birth 
Sex 
Anglo 
Total number of siblings when 

Man’s income* when offspring was 18 
Wife’s income* when offspring was 18 
Man’s education (years) 
Mother’s education (years) 
Man’s time involvement with offspring 

when offspring was young 
Unrelated offspring, man lived with 

the mother when child was 18 
Genetic offspring, man not living with 

the mother when child was 18 
Unrelated offspring, man not living 

with the mother when child was 18 

offspring was 18 

-5.09 
0.05 

-0.03 
0.18 
0.62 

-3.50 
1.87 

0.73 
1.86 

-1 -36 

0.0005 
0.0615 
0.1739 
0.4648 
0.0628 

0.0 1 
1.05 
0.97 
1.20 
1.85 

1.45 
0.03 
0.02 
0.25 
0.33 

-0.33 
0.01 

4 .0  1 
0.10 
0.1 1 

0.07 
0.00 
0.0 1 
0.05 
0.06 

-4.39 
2.88 

-1.39 
2.03 
1 .so 

0.0000 
0.0039 
0.1638 
0.0426 
0.0714 

0.72 
1.01 
0.99 
1.10 
1.1 1 

0.15 0.07 2.13 0.0333 1.14 

-0.99 0.50 -1.97 0.0492 0.37 

0.26 -1 -35 0.40 -3.36 0.0008 

-3.34 -3.54 0.0004 0.04 0.94 

*in thousands of 1990 dollars 
(After Kaplan et al. 1998) 

that partner. Men cease to invest in a child after they stop living with the child’s 
mother, unless the child is also the biological offspring of the man, and even then, 
support is reduced significantly (see Weiss and Willis 1985 for a theoretical treat- 
ment of this effect, and Anderson, Kaplan, and Lancaster, 1999, for a detailed 
presentation and discussion of these results). 

The predictions of the competitive-labor-market model, discussed above, were 
supported by the analysis of the data on investment in children and on child out- 
comes. Consistent with the idea that human capital of parents is positively associ- 
ated with rates of return on investment in offspring human capital, men’s education 
is associated with higher levels of investment in children, including time involve- 
ment and monetary investments. Also, as predicted by the model, men’s time 
involvement with children is positively associated with their assessment of the 
child’s scholastic intelligence, although the direction of causality may be unclear. 
A third prediction of the model is that investments in children are positively corre- 
lated over the child’s life course. This prediction is supported by the fact that finan- 
cial support for college is positively correlated with the man’s earlier time 
involvement with the child during elementary school years. The negative impact of 
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fertility on parental investment is reflected in both time spent with young children 
and financial support for higher education. This indicates that there is a dilution 
effect of number of siblings on the investment that children receive. There is no 
effect of income on time involvement, but it does predict monetary expenditures. 

Outcomes 

In a previous paper (Kaplan et al. 1995), we reported that the respondents’ edu- 
cation and income were negatively associated with numbers of siblings, and posi- 
tively associated with fathers’ income and number of years that they lived with their 
fathers prior to age 18. Those analyses were based on the short interview data set. 
Here, we examine outcomes for the respondents’ children using the long interview 
data set. An Ordinary Least Squares regression analysis of the children’s years of 
education is presented in Table 14.7. Only individuals older than 22 years of age are 
included in the analysis. The child’s sex, year of birth, and number of siblings appar- 
ently have no effect, once the other predictors are controlled for (even though in 
uncontrolled analyses, individuals with more siblings have lower educational 
attainment). Anglos have about 0.6 more years of education, on average. The 

Tuble 14.7. Least squares regression model of the number of years of education obtained 
by respondents’ children age 23 and older (N = 559, F = 16.30, p < 0.0001, adjusted 
R2 = 0.263) 

Variable 
Parameter Pa rria I 
Estimate s. e. z P 

Constant 
Sex 
Offspring’s year of birth 
Man’s year of birth 
Total number of siblings when offspring 

Anglo 
Man’s income” when offspring was 18 
Wife’s income* when offspring was 18 
Man’s education (years) 
Mother’s education (years) 
Man’s time involvement with offspring 

Unrelated offspring, man lived with the 

Genetic offspring, man not living with the 

Unrelated offspring, man not living with 

was 18 

when offspring was young 

mother when child was 18 

mother when child was 18 

the mother when child was 18 

11.46 
0.01 

-0.01 
-0.02 
-0.05 

0.64 
0.01 
0.00 
0.07 
0.21 
0.1 1 

-0.74 

-1.28 

-2.65 

1.06 
0.19 
0.02 
0.02 
0.05 

0.26 
0.00 
0.01 
0.03 
0.04 
0.05 

0.36 

0.30 

0.59 

10.86 
0.04 

-0.28 
-1.27 
-0.99 

2.50 
2.62 

-0.26 
2.12 
5.42 
2.05 

-2.07 

-4.33 

-4.52 

0.0001 
0.97 
0.78 
0.20 
0.32 

0.013 
0.009 
0.80 
0.03 
0.000 1 
0.04 

0.04 

0.000 1 

0.000 1 

*(in thousands of 1990 dollars) 
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respondent’s income when the child was 38 is positively associated with educa- 
tional attainment, although his mate’s income is not. Both the respondent’s and the 
child’s mother’s years of education are positively associated with the child’s edu- 
cation, although mother’s effect is greater. The respondent’s time involvement has 
an additional positive effect (a separate analysis, not shown, indicates that this effect 
of time involvement operates through elementary and secondary school). Children 
who are not genetically related to the respondent but whose mothers were living 
with the respondent‘ when they were 18 years of age achieve about 0.7 years less 
education than genetic offspring with both parents living together when they were 
18 years of age, Offspring whose mothers ceased to live with the respondent before 
the child turned 18 achieve about 1.3 fewer years of education, whereas children 
who are not genetic offspring and whose mothers ceased to live with the respondent 
before the child turned 18 achieved 2.6 years less education. 

The data on outcomes suggest that those investments do increase the educa- 
tional achievement of children. Interestingly, even after the effects of investments 
are taken into account, there is still a residual effect of both mother’s and father’s 
education on children’s educational achievement. This result is consistent with the 
idea that the rate of return on investments in human capital of offspring increases 
with the level of parental human capital. However, it is also possible that the effect 
is due to genetically mediated parent-offspring correlations in academic ability or 
motivation. Another possibility is that educated parents instill more positive atti- 
tudes towards education and greater expectations of educational achievement in 
their children. The effects of paternity and the man’s relationship to the child’s 
mother are also seen in child outcomes, with children who are raised by men other 
than their biological father or who are not fully raised by their father achieving 
lower educational outcomes (even after parental income and education are con- 
trolled for). 

DISCUSSION AND CONCLUSIONS 

In this analysis of modern fertility behavior we followed a four-step process. The 
first step is to develop a general theory of the action of natural selection on the 
behavior of interest (in this case, fertility and parental investment). To that end, we 
unified economic and life history theories of fertility and parental investment to 
develop an overall framework for analysis (see Kaplan 1996, 1997, and Kaplan et 
al. 2000 for a more complete discussion of the theory). The second step is to apply 
the theory to the ecology of evolving hominids, with specific reference to what is 
known about extant hunter-gatherers. Of course, care must be taken in this step 
because extant hunter-gatherers only represent a small and probably biased sample 
of the variability exhibited by evolving Homo sapiens. The third step is to specify 
the kinds of psychological and physiological proximate mechanisms that evolved 
to produce adaptive responses to the ecological conditions of the past. The fourth 
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step is to develop models of how those proximate mechanisms would respond to 
modern, socioecoIogica1 conditions and to individual and socioeconomic variation 
in those conditions, Successful accomplishment of this process is quite difficult 
because each step is vulnerable to mistaken assumptions. However, we feel that this 
analytical procedure takes advantage of the knowledge derived from optimality 
analysis in biology and economics, evolutionary psychology, and the study of cul- 
tural evolution. Taken together our results provide substantial indirect support for 
the embodied capital approach to fertility and parental investment, and for the spe- 
cific model of investment in embodied capital in skills-based labor markets. How- 
ever, the support is based largely on qualitative predictions, each of which is 
potentially consistent with some other theoretical model. An adequate assessment 
of the model will require more rigorous tests of quantitative predictions. 

Two major difficulties must be overcome. First, the model’s theoretical con- 
structs are very difficult to measure. Years of education is only a proxy for ernbod- 
ied capital. Measuring the embodied capital of both parents and children is 
especially challenging, given that it is multidimensional and heterogeneous. Sim- 
ilarly, parental investment is only poorly approximated by our recall-based meas- 
ures of expenditures of time and money. The effect sizes we obtained are probably 
smaller than the true sizes because random measurement error always dilutes 
actual associations. The statistical models could show stronger effects than the 
true associations if either the measurement error were biased (e.g., if more edu- 
cated men tended to recall higher investments than they really gave andor less 
educated men tended to recall lower ones) or the model was mis-specified and 
important variables were omitted. In order to determine the quantitative relation- 
ship between parental embodied capital and the rate of return on investments in 
children’s embodied capital, a prospective study that overcomes those rneasure- 
ment problems will be necessary. 

Selection bias produces another difficulty. Educational achievement, fertility, 
parental investment and mate selection are endogenous choices. Men are not ran- 
domly assigned to educational achievement levels, parities, etc. As a result, it is 
difficult to assess the impacts of those characteristics on child outcomes. For 
example, the association between parental education and the child’s education 
could be due in part to unobserved characteristics that affected the parent’s choices 
about how many years of education to pursue as well as to the effect of education, 
per se. Since the theory presented here implies an intricate causal pathway relat- 
ing endogenous choices to one another and, ultimately, to child outcomes, the 
problem of selection bias must be solved so an accurate quantitative assessment of 
those relationships can be obtained. 

There are also alternative and complementary explanations that require con- 
sideration. A great deal of scholarly attention has been focused on women and fer- 
tility. Many economic models emphasize the opportunity costs of women’s time. 
As women have entered the labor force in increasing numbers and as women’s 
wages have risen, the time costs of caring for children have increased. Other 
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anthropological and sociological models have postulated that women’s education 
and economic autonomy reduce female fertility because children are no longer the 
only avenue by which women can gain power, and because they are less subject to 
men’s fertility desires. In fact, our data show that a man’s mate’s characteristics do 
affect fertility. The increasing effectiveness of birth control technologies is proba- 
bly also relevant (8arkow and Burley 1980; Easterlin et al. 1980; Potts 1997) 
because cost-effective birth control lowers unwanted fertility. Cultural transmis- 
sion of fertility values is also receiving increased attention (Boyd and Richersen 
1985; Cleland 1985; Cleland and Wilson 1987; Zei and Cavalli-Sforza 1977). 
Changing kin networks and the decreased involvement of extended kin in child 
rearing have been postulated as a cause of the shift to fewer, higher-quality chil- 
dren (Turke 1989). Clearly, future research must focus on testing alternative mod- 
els within the same study to determine if some alternatives can be excluded and if 
a complete explanation requires the amalgamation of several models. 

In fact, the life history model presented in the second section of this chapter, 
together with the proximate model of fertility determinants among traditional 
societies in the third section, suggests another, more general, explanation. Adults 
not only face a tradeoff between quantity and quality of children, but also between 
investment in their own embodied capital and reproduction (see Figure 14.1). For 
most organisms, including humans living under traditional conditions, food 
energy is the primary source of adult investment in embodied capital, which is 
then allocated to alternative physiological functions. In modern society, people 
face a tremendous array of consumption goods, such as housing, clothing, elec- 
tronic equipment, and vehicles. The medium of exchange for obtaining those 
goods is money. Money is highly fungible in that it can be translated into any one 
of those goods. As diminishing returns from consumption of one good are 
reached, money can be allocated to other goods. Given all the goods that are avail- 
able, there is always some good of which little has been consumed and for which 
returns on purchasing some amount of it are still high. The same can be said for 
investment in offspring’s embodied capital, which appears to include investments 
not only in schooling but in goods associated with social training and social sta- 
tus, such as hobbies and sports, clothing, and toys, much of these investments 
being commitments to favorable placements of children in the mating market. Our 
best guess at this time is that the low fertility exhibited in modern societies reflects 
both the payoffs on investments in offspring income and a perceived lack of dimin- 
ishing returns from other forms of consumption. Understanding the role of status 
competition during human evolutionary history may prove particularly illuminat- 
ing in explaining the pattern of high consumption and low fertility. 

The existence of extrasomatic wealth may be the critical condition to which our 
evolved proximate mechanisms do not respond so as to maximize fitness. By 
implication, post-demographic transition settings are not the only ones in which 
deviations from fitness maximization are likely to be observed. When there is her- 
itable wealth, such as cattle or land, the breast-feeding/energy-balance system 
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may generate higher fertility than parents desire in terms of their own wealth and 
wealth they wish to pass on to their children. Adjustments to this situation may pri- 
marily involve differential inheritance, such as primogeniture and illegitimacy, but 
may also include late age of marriage (Coale and Treadway 1986) or even celibacy 
(Boone 1986), and lowered rates of polygyny by wealthy men (Luttbeg, Borger- 
hoff Mulder, and Mangel, this volume). Thus, perhaps we should not be surprised 
to find deviations from fitness maximization as soon as there are forms of extra- 
somatic wealth. The extremely low fertility in modern societies may reflect the 
extreme importance of extrasomatic wealth and the multiple ways in which it can 
be used. 

SUMMARY 

1. Modem fertility behavior deviates from fitness maximization in two ways: 
(1) fertility is much lower than the level that would maximize descendants in 
future generations, and (2) increases in wealth are not associated with increases in 
number of children produced. 

2. To understand the causes of those deviations, we employed a four-step 
process in theory building: (1) develop a general theory of the action of natural 
selection on fertility and parental investment; (2) apply the theory to the ecology 
of evolving hominids, with specific reference to what is known about extant 
hunter-gatherers; (3 )  specify the kinds of psychological and physiological proxi- 
mate mechanisms that evolved to produce adaptive responses to the ecological 
conditions of the past; (4) develop models of how those proximate mechanisms 
would respond to modem socio-ecological conditions and variability among them. 

3. We combined life history theory and economic models of human capital 
investment into a general model of investments in one’s own embodied capital, 
reproduction, and offspring’s embodied capital. In a physical sense, embodied 
capital is organized somatic tissue. In a functional sense, embodied capital 
includes strength, immune competence, coordination, skill, and knowledge, all of 
which affect the profitability of allocating time and other resources to alternative 
activities such as resource acquisition, defense from predators and parasites, mat- 
ing competition, parenting, and social dominance. The two most important forms 
of embodied capital investment are those that affect survival and those that affect 
income. Natural selection is expected to act on embodied capital investment to 
maximize reproduction effort over the life course and to allocate reproductive 
effort optimally between quantity and quality of children. 

4. Among hunter-gatherers, the critical constraints on fertility and parental 
investment appear to be the time needed to give intensive care to infants and very 
young children, and the energy to feed parents and multiple children of varying 
ages. The level of those investments may be regulated by psychological mecha- 
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nisms that direct attention to ecologically variable relationships between invest- 
ments and outcomes and that detect diminishing returns on investment. Most 
proximally, however, fertility appears to be regulated by physiological mecha- 
nisms responsive to breast-feeding regimes and net energy balance. 

S. In modern society, investments in one’s own and one’s offspring’s embod- 
ied capital includes resources other than food energy. The low fertility in modern 
societies may be due to the importance of skill in competitive labor markets, 
which directly link wages to the costs of obtaining skills. The fact that fertility is 
not correlated with wealth may be due to an increased payoff from investment in 
children’s education by wealthier parents because of their higher levels of educa- 
tion and their ability to impart those skills to children. 

6. We tested predictions derived from this model with data collected from men 
in Albuquerque, New Mexico. Consistent with the theory, we found (1) education 
has become an increasingly important determinant of age at first reproduction and 
fertility during this century; (2) holding education constant, increases in income is 
generally correlated with increased fertility; (3) educated parents invest more in 
children than less-educated parents, in terns of both time and monetary expendi- 
tures; (4) the child’s scholastic abilities and earlier parental investments are asso- 
ciated with the likelihood of providing support for higher education; (5 )  the level 
of parental investment children receive is positively associated with their educa- 
tional attainments. 

7 .  Future research must test the predictions of this model alongside other com- 
peting and complementary explanations of modern fertility behavior. 

The extremely low fertility exhibited in modern society may result not only 
from the costs of investing in children but because of the large array of consump- 
tion goods available and the existence of money as a medium of exchange. Devi- 
ations from fitness maximization may exist not only in modern societies 
evidencing extremely low fertility, but in any society in which there are extraso- 
matic forms of wealth. 
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NOTES 

1. Studies of traditionaI small-scale societies suggest that fertility may be optimized 
to maximize the production of descendants over the long run (e.g., Blurton Jones and Sibly 
1978 and Blurton Jones 1986 for the !Kung in Botswana, but see Hill and Hurtado 1996 for 
disconfirmation among the Ache). The abrupt change in the association between wealth and 
fertility that occurs at the same time fertility is historically reduced (Retherford 1993) 
requires explanation. 

Trivers (1374) points out that parental and offspring fitness interests conflict to 
some extent, because parental fitness will be maximized by a lower level of offspring sur- 
vival than would maximize offspring fitness. 

Later modeIs (e.g., Becker 1991; Becker and Barro 1988; Becker et al. 1990) treat 
fertility decisions explicitly in terms of an intergenerational utility function. The individ- 
ual’s optimization problem is to maximize satisfaction derived from both his or her own 
consumption and the consumption of descendants. 

Compensation for additional embodied capita1 can come in the form of benefits, 
worhng conditions, and prestige, as well as wages. 

Individuals were offered the opportunity to conduct the interview in Spanish, but all 
of our potential interviewees felt comfortable with an English interview. 

The nonsignificant p-value for the 1960 cohort is probably due to the smaller sam- 
ple size, given that the parameter estimate is similar to the 1940 and 1950 cohorts with big- 
ger sample sizes. 

2. 

3. 

4. 

5. 

6. 
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Sex, Wealth, and Fertility 

Old Rules, New Environments 

BOBBI S. LOW 

It is easy to imagine that our evolutionary past is remote, unconnected to our lives 
today, and of interest only when we think of traditional societies or ancient history. 
Yet our evolved tendencies interact with today’s novel environments-today ’s 
cities, no less than yesterday’s rain forests and savannas, are our environments. 
Both physical and social aspects of our current environments can be evolutionar- 
ily novel, largely the result of our own actions, yet they still interact with our 
evolved tendencies. What does this mean about the old established relationships 
between resources and fertility? 

In non-human mammals, the positive relationship between resources or domi- 
nance and fertility is well established and relatively simple. Although the particu- 
lar mechanisms vary with phylogeny and ecology and there are interesting 
subtleties, the resulting pattern is extremely strong. Males who get control of 
unusually large or rich resources have more offspring than other males; females 
who fail to acquire some threshold amount, like unsuccessful males, fail to repro- 
duce at all. In some species females, like males, show a high resources-high fer- 
tility pattern, but in most mammals, the effect of resources is most obvious when 
resources limit females’ fertility. 

In human evolutionary pasts, at least as reflected by the demography of tradi- 
tional societies, the same pattern seems clear for men. Even in monogamous, late- 
marrying societies in the demographic transition (below), resource acquisition 
aided fertility. In most past environments, those who strived for resources and suc- 
ceeded were those who left children. 

In the evolutionary history of all living things including humans, “more” has 
always been reproductively more profitable: either more babies, or better provi- 
sioned-and thus more consumptive-babies. This distinction is cruciaI: for 
many species in competitive or densely populated environments, the most suc- 
cessful reproductive tactic in many environments is not to make the maximum 
number of offspring, but to make fewer, better-invested offspring (MacArthur and 
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Wilson 1967; in  humans, see e.g., Low et al. 1992, Low 1993, Boone and Kessler 

Here I want to examine what we know about rekitionships between resources 
and (1) completed lifetime fertility, and (2) timing of fertility (age-specific fertil- 
ity) for men and for women under different circumstances. As we have applied 
evolutionary theory to human behavior, the complexity and diversity of our empir- 
ical findings have returned, correctly, to deepen and enrich our theory. Yet, as I 
think will become clear, we have a long way to go before we understand fully the 
complexities in the resources-reproduction relationships of men and women, 
across time and societies. I suggest that we seldom have gathered the appropriate 
data, and that even when the appropriate data exist, they have seldom been ana- 
lyzed in ways that makes them relevant to these questions. Here, I hope to provide 
an analytic outline for our questions; the empirical papers in this volume begin to 
address parts of our confusion usefully. 

1999). 

WEALTH, STATUS, AND FERTILITY 

Patterns for Men versus Women 

The relationships between resource control and fertility in traditional societies 
differ for men and women, just as in other, non-human, mammals; they differ in 
ways we cannot ignore if we wish to ask questions about wealth, fertility, and con- 
sumption today. In quite varied societies, wealth or status and reproductive suc- 
cess are positively correlated for men; in diverse traditional societies, status and 
wealth correlate with male reproductive success (e.g., reviews by Low 1993,1996, 
2000). In contrast, women, like other female mammals, are most affected by 
resources at the ‘‘low end” of variation: malnutrition leads to infertility. The best- 
nourished, wealthiest woman in any society is not able, as are the wealthiest men, 
to have orders of magnitude more children than the poorest mother; so women 
have seldom profited by striving for resources and status in the same way and to 
the same degree as men. 

When people have manipulated the resource-fertility relationship through cul- 
tural practices, these normal relationships have sometimes been subverted (e.g., 
Hrdy 1992, 1999). Perhaps most interesting are those rare societies in which 
daughters can return significant benefits to the family through status gains: those 
in which hypergyny occurs, and daughters in poor groups can marry up, while 
sons cannot. Daughter favoritism shows up in these hypergynous societies, 
because women, but not men, can “marry up” (Dickemann (1979); often in such 
societies, daughters are treated favorably in the lower classes, while daughters of 
higher-status, wealthier families are sent into religious celibacy, or killed as 
infants. Among the Mukogodo (Cronk 1993, this volume), daughters are favored 
over sons in a variety of ways (for example, they are breastfed longer), for they can 
marry outside the Mukogodo, among men of richer groups, while Mukogodo men 
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cannot marry out and up. It is relatively easier for a Mukogodo wuman to marry 
inter-ethnically than for a Mukogodo man, because the bride-wealth required for 
a Mukogodo woman is relatively low, whereas a Mukogodo man has difficulty 
getting the livestock for bride-wealth to many a higher-status, non-Mukogodo, 
woman. 

Resources affect life history variables that influence birth timing and total fer- 
tility, such as age at marriage and probability of remarriage. Here again, the pat- 
terns of the two sexes differ. In many societies, widows remarry far less frequently 
than do widowers, with no obvious demographic or economic explanation. Fur- 
ther, women remarry at earlier ages than men, and women’s probability of remar- 
riage declines with age. ClassicaI demographers have found such patterns 
puzzling, for women’s economic value, like men’s, does not decline with age. But 
biologically, these patterns make sense: women’s reproductive value (RV; Fisher 
1958) does decline, with certainty, after the late teens and early twenties. Not sur- 
prisingly, when men remarry, they tend to marry young women, of high repro- 
ductive value. Again, this means that wealth affects remarriage rates for men, but 
not women. The sex difference in remarriage rates undoubtedly contributes to the 
greater fertility of men’s second marriages, compared to women’s, even in soci- 
eties with late ages at first marriage and socially imposed monogamy. The patterns 
are quite strong: widows remarry far less frequently than widowers; widows with 
dependent children remarry at an even lower rate; and widows commonly do not 
remarry at all when they are older. In contemporary society, too, these patterns 
persist (see Low 2000 for references). 

The complexity of these interactions-sex, reproductive impact of resources, 
cultural constraints-means we must be cautious: household data, if male and 
female information are not separated, and relatedness is unspecified, are inappro- 
priate to answer questions about wealth and fertility. 

Resources, Abortion, and Infanticide 

Much abortion appears relatively straightforward in an evolutionary perspec- 
tive: most likely to abort are mothers who are unwell and unlikely to be success- 
ful in the current pregnancy, mothers who have no support system, and mothers 
who are newly paired with a male not the father. Further, under such conditions 
abortion is more likely among mothers with high reproductive value-women 
who have further chances to cany a successful pregnancy to term when conditions 
are more favorable (see contemporary data, Hill and Low 1991; and reviews by 
Hrdy 1999 and Low 2000). 

In humans as in other species, most infanticide is undertaken by non-relatives, 
but parental infanticide does occur. Infanticide patterns are similar to those of 
abortion: infanticide is more likely when the current infant is ill, deformed, or oth- 
erwise unlikely to thrive; and when the mother has little chance of rearing this 
child successfully, but has high reproductive value, and thus good future chances. 
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Both abortion and infanticide patterns suggest that resource scarcity may lead to 
termination of parental investment when that investment is unlikely to produce a 
successful, reproductive adult offspring (see Hrdy 1999). 

Celibacy 

Celibacy, too, probably responds to resource conditions. In birds and non- 
human mammals, “celibacy” is typically represented by offspring who delay or 
forego independent reproduction in periods of resource constraint; they stay and 
assist parents in raising other offspring (e.g., Erden 1995, 1997); typically these 
are older siblings helping parents raise younger siblings. During the European 
demographic transition(s), high proportions of both men and women failed to 
marry in countries such as England (Wrigley and Schofield 1982), Sweden (Low 
and Clarke 1992) and Ireland (Strassrnann and Clarke 1998); patterns reflected 
resource constrictions and resulting price fluctuations. 

A related pattern of celibacy may be uniquely human: that of later-born, typi- 
cally male, children entering celibate life in powerful institutions (e.g., the 
Catholic Church). Are there resource correlations? Both historical and contempo- 
rary empirical data are relevant. Throughout the Middle Ages, later-born sons of 
large families were often consigned to the priesthood (celibate) or the military 
(non-celibate) (e.g., Boone 1986, 1988). In both cases, younger sons were 
removed from sibling competition for limited familial resources, and positioned to 
return resources through political rise in a powerful institution, if clever enough. 

In the case of the Church, such a son’s reproduction was typically foregone, and 
it is possible that such arrangements did not usually return lineage advantages. 
Recent work (Goody 1983; Rice 1990; Sipe 1990; Sweeney 1992) suggests that 
institutional, rather than familial, political and economic advantages have influ- 
enced the Church’s historical attempts to impose chastity. Contemporary empirica1 
data also suggest that interactions of resource availability and family dynamics 
drive much of what we see. In the United States, ordinations and seminary enroll- 
ments have declined as family sizes have fallen, and have done so precipitously 
since 1967 (Plotvin and Muncada 1990). The most cited reason for leaving is 
mandatory celibacy, and of those who leave, 90% marry. Re-analysis of the data 
from Plotvin and Muncada suggest that harsher economic conditions correlate with 
increased numbers of men choosing religious celibacy (Figure 15.1). Family size 
also matters: larger families are more likely to have a son who becomes a seminar- 
ian, and even today, seminarians tend to be later-born sons from large families (Low 
2000: 174-175). The interaction of family income and family size is complicated 
in Plotvin and Muncada’s sample, for the seminarians entered across a long time 
period. For men under 30, there was a birth order-income effect: seminarians were 
poor men, late-born in large families (n = 382, d.f. = 7,374, F = 2.9, p = 0.0062). 
For those 30 and over when entering the seminary, there was no influence of income 
and family size (n = 208, d.f. = 7,200, F = 0 . 6 , ~  = 0.75). The cultural meme of reli- 
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Figure 15.1. In the United States as disposable income (1980 dollars, standardized) 
increased, enrollment in Catholic seminaries decreased. 

giosity also influences these decisions, of course (father’s and mother’s degree of 
religious participation and encouragement seem to matter); still, both mothers 
(n = 644, d.f. = 6, X2 = 1 9 . 7 , ~  = 0.0031) and fathers (n = 644, d.f. = 6, X2 = 18.8, 
p = 0.0045) were more likely to encourage, and less likely to discourage, sons in 
large families to enter celibate priesthood. Using logistic regression, 30% of the 
variation in parental encouragement was explained by number of children alone 
(n  = 644, d.f. = 1,p = 0.0018), independent of other factors. 

Wealth and Lifetime Fertility in the 
Demographic Transition 

During the nineteenth century in Europe and North America, a major shift 
occurred, from reliance on agricultural work and small-scale cottage industries to 
reliance on major industrial enterprises. Concurrently, fertility fell significantly 
(e.g., Coale and Watkins 1986; Coleman and Schofield 1986). A reasonable 
hypothesis, the focus of demographic work for thirty years, was that in some 
(largely unspecified) way, industrialization was at least a proximate cause of fer- 
tility decline. The results have been disappointing to many demographers (e.g., 
Schofield and Coleman 1986), and new data from the developing world also sug- 
gest that “industrialization” was a theoretical red herring. 
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There is reason to suspect that the same rules applied during the demographic 
transition as in traditional societies: that resource levels affected both men’s and 
women’s fertility. There are hints of this pattern even in aggregate data (e.g., mar- 
riage rates and fertility rates rose and fell with crop and grain prices; Wrigley and 
Schofield 1981, Low and Clarke 1992, 1993), although it is difficult to analyze 
aggregate data to answer the resource-fertility question. Analyses of lineage, 
rather than aggregate, data strongly suggest that marriage decisions, and fertility, 
of both men and women were influenced by resource availability during the demo- 
graphic transition (e.g., Low and Clarke 1992). 

In nineteenth-century Sweden, for example, multiparish comparisons (e.g., 
Low and Clarke 1992; Clarke and Low 1992) found that through the demographic 
transition (which was local and reversible in Sweden), whenever and wherever 
variation existed in wealth, wealth mattered to family formation and fertility. Con- 
trolling for variation in resource type, geography, and temporal patterns of mar- 
riage, wealth influenced both men’s and women’s lives during the demographic 
transition (data from 1824-1896; e.g., Low and Clarke 1992). Children of both 
sexes born to poorer parents were more likely than richer children to emigrate 
before reaching maturity. Poorer men, and women whose fathers were poorer, 
were less likely to marry in the parish than others, largely as a result of differen- 
tial migration. Wealthier men tended to marry younger women than others, and to 
have more children. The ability to marry was the biggest predictor of fertility. Of 
all adults of both sexes who remained in their home parish and thus generated 
complete lifetime records, richer individuals had greater lifetime fertility, and 
more children alive at age ten, than others. 

The clarity of the trends does not mean that the issues are simple; in fact, unless 
one were looking for the wealth-fertility relationship, one might miss it. For 
example, the fertility of individuals in Generation Two was influenced by father’s 
wealth status, cohort, and own (men’s) or husband’s (women’s) wealth status. The 
most reproductively successful individuals in Generation Two were sons and 
daughters of poorer men, who nonetheless became wealthy (men) or married 
wealthy men (women) (Figure 15.2a). The effects varied by decade of marriage or 
reaching adulthood; wealthy men had more children than others except in the 
period 1851-1870 (Figure 15.2b). It would be easy to focus on the complexity and 
m i s s  the overall pattern, as we may be doing with contemporary data. The Swedish 
data, which allow us to see the main patterns, as well as the complexity and vari- 
ation in outcomes of different analyses, highlight the importance of choosing 
appropriate data, and appropriate levels of analysis, to answer questions about 
wealth and fertility. 

Wealth and Age-Specific Fertility in the 
Demographic Transition 

Not only total lifetime fertility, but the pattern of age-specific fertility is impor- 
tant. As Fisher (1958) pointed out, in the simplest case, earlier fertility results in 
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Figure 15.2. In large societies, the intermediate measures of fertility can reflect complex- 
ities. (a) In nineteenth-century Sweden, father’s wealtWoccupation status and own- 
or-husband’s status interacted to affect lifetime fertility for both men and women. Indi- 
viduals born to poorer fathers who nonetheless grew up to be wealthy had the highest 
lifetime fertility (see also Low 1994: Figure 2). (b) Men’s lifetime fertility showed a 
cohort effect. “Decade” refers to the 10-year period in which a man reached age 23, or 
married, for the first time. Wealth and fertility were positively related before 1851 and 
after 1870. From 185 1-l870, poorer men had a reproductive advantage. Despite this 
complexity, wealthy men had a reproductive advantage overall (Low 1990, 1994,2000). 
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greater rn, the genotypic rate of increase. Consider two women who each have two 
children, one woman at ages 16 and 18, the other woman at ages 36 and 38. The 
first woman has grandchildren in the same 5-year period that the second woman 
is having her children. 

In the Swedish sample (e.g., Low and Clarke 1992), the age-specific fertility of 
richer women rose slightly sooner, and reached a higher peak, than that of poorer 
women (Low 2000: Figure 8.3). During this period in Sweden, family weaIth was 
men’s wealth (no women in the sample were recorded as having independent 
occupations), and the influence of wealth on women’s fertility simply mirrored 
that of men’s. Most fertility (93-98%) occurred within marriage; thus, delayed 
marriage reflected delayed (and typically lower total) fertility. Historical data from 
other Scandinavian countries during this period suggest that people themselves 
considered daughters of upper class men to be “women” (marriageable) at about 
18 or 19; while poorer men courting poorer women frequently explicitly stated 
that they wanted an older woman, with her own household goods, and already able 
to organize and run a household (e.g., Drake 1969). 

There is evidence that resources affected age-specific fertility independent of 
marriage age. Age-specific fertility peaks shortly after marriage in most societies 
(certainly those without effective contraceptive technology); this skewed distribu- 
tion of births probably represents parental attempts to limit further births later in 
a marriage. The Swedish sample is relevant here. In the parish of Locknevi, which 
experienced severe resource constriction, marriage was relatively early (20-251, 
but age-specific fertility peaked later (ages 35-40) than in any other parish. This 
pattern was contemporaneous with land shifts and out-migration that indepen- 
dently reflect resource constraints. In the parish of Gullholmen, a small island 
reliant largely on uncertain fishing income, delayed fertility was also apparent, but 
in this parish, marriage itself was delayed (peaking at 25-30), and fertility, though 
late, was not delayed after marriage. 

The Swedish comparative data highlight a problem: different measures are 
appropriate to answer different resource-fertility questions-and most data are not 
collected to answer questions in a way parallel to our analyses of other species. 
Some insights emerged when the standard demographic measures Total Fertility 
Rate and Net Reproductive Rate were compared in the Swedish sample to individ- 
ual measures (more comparable to the non-human data from which theory and pre- 
dictions arose): NBC, number of biological children born; and RS,,, number of 
children reaching independence and likely to leave the household; and those meas- 
ures restricted to within-marriage births (Low and Clarke 1991). Using TFR, Ned- 
ertorneii (a northern parish with harsh climate and limited agriculture) had clearly 
higher fertility than all other parishes, However, if we ask about surviving children, 
either (1) Nedertorneh, Tuna (agriculture, mining in mid-Sweden), and Locknevi 
parishes were similar, while Gullholmen lagged behind (NBC: all children), or (2) 
Gullholmen women had more surviving offspring than women in other parishes 
(RSI0,,: children of married women). We need to be careful in matching data to 
questions. 
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Figure 15.3. (a) U.S. women’s age-specific fertility shifted between 1976 and 1988: fer- 
tility of ages 30-39 increased dramatically, early fertility increased proportionately less, 
and fertility after 40 declined (data from Luker 1996). (b) These shifts are probably class- 
or education-specific, with the fertility increases for older women coming largely from 
well-educated professionals, and the increases for younger women arising from less- 
educated women. Birth rates for women 15-19 peaked from 1950-1965 (73.3-91/1000), 
and while teenage births rates are lower now (5  1.9/ 1000 in 1990), these births are largely 
to women with less than a high-school education (see Luker 1996). 
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Rather than “the” demographic transition with a singular cause, there is good 
reason to expect ecologically influenced fertility trends with locaI, reversible, pat- 
terns. Certainly in Sweden, that was true (Lockridge 1983, Low and Clarke 1992). 
The primary components of population change--fertility, mortality, and migra- 
tion-respond to ecological conditions at the individual family level in ways that 
are predictable and familiar to students of non-human populations. At least 
through the demographic transitions, certain predictable ecological rules underlie 
patterns of fertility, mortality, and migration, although these may be constrained 
by a variety of cultural complexities and interactions. For example, as noted 
above, men’s reproductive patterns vary in concert with resource control to a much 
greater extent than women’s patterns; this difference between the sexes is greatest 
when resources are abundant. 

Wealth, Women’s Age-Specific Fertility, and Women’s 
Life Paths Today 

Analyzing fertility relationships today is complicated for a number of reasons. 
First, because so many conditions are recent and thus evolutionarily novel, there 
is a possibility that whatever patterns we see wiIl be emergent phenomena, influ- 
enced by forces once-but no longer-related to selective pressures. Second, 
societies are large, containing quite diverse subcultures whose members may face 
different pressures. Third, “wealth” and “statu~” today can mean a multitude of 
things, and many of these CO-vary-so it can be difficult to be certain relationships 
we think we see are not simply co-variants of the important factors. Because of all 
these difficulties, many studies have used inappropriate data, 

Consider the question of optimum age at first birth. Although much literature 
focuses on “why do poor women have early fertility?” from an evolutionary per- 
spective, that is a trivial question, easily answered (above): ceteris paribus, once 
the tradeoff in “investment in growth versus reproduction” has been satisfied (Roff 
2992, Stearns 1992) earlier fertility means greater lineage increase for any 
woman. The more interesting question is: “What tradeoffs lead to the sort of 
delayed fertility we see among women in developed nations today?” The strongest 
correlates of delayed fertility, in both developed and developing nations, are 
women’s participation in the workforce and women’s education (e.g., Kasarda et 
al. 1986). 

Women face harsher tradeoffs than do men when we consider resource-garner- 
ing activities versus the production of children and dispersal of investment to 
them. In post-demographic transition societies, in which it appears that successful 
children cost more per capita in parental. investment, women might actually profit 
reproductively, in some circumstances, by spending more effort bringing in 
resources, compared to filling traditional roles of child production. Low fertility 
and costly children result. The investment level required to produce successful off- 
spring may vary with environment, and specifically with the threshold level of 
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investment required for a child’s success-a correlate of the competition offsprhg 
face, and in this sense, precisely analogous to the proper use of MacArthur and 
Wilson’s (1967) concept of r- and K-selection (see Boone and Kessler 1999; 
reviews by Low et al. 1992; Low 1993, 1994). But are there circumstances in 
which relatively wealthy women who have late and low fertility have greater net 
lineage increase? We have no data. 

What tradeoffs do work and schooling represent for women? Time and oppor- 
tunity costs? Wealth versus fertility? Evolutionary anthropologists (e.g., Kaplan 
1996, Raplan and Lancaster, this volume), have analyzed the effects of cohort, 
wealth, and markets on human fertility, but generally, perhaps because of the 
widespread inappropriate treatment of r- and K-selection in the biological litera- 
ture, appear to have remained within an economic framework, and not to have 
made the connection between human patterns and the “low fertility-high invest- 
ment” patterns in other species first suggested by MacArthur and Wilson (see also 
Steams 1992; Roff 1992; Hill 1993; Low 1998). 

If poorer parents cannot substantially enhance their children’s success, then we 
might expect large families, concentration of resources in one or a few children, 
with others leaving early (behavioral ecologists would call this an “alternate 
strategies” situation). Couples at the high end of the socioeconomic “ladder” 
might do better by investing more per child to make them competitive with their 
peers (e.g., education, clothing, status acquisitions; cf. Emlen 1997). And if there 
are periodic resource shortages and wealthier families have first claim to limited 
resources (Boone and Kessler 1999), then even if low-fertility/high-investment 
strategies show no advantage in easy times, they may confer a longer-term advan- 
tage (see also Low, Simon, and Anderson 2000). 

There may be multiple and complex reasons for earlier versus later fertility. To 
understand the relationships (if any) of these patterns to evolved patterns, requires 
that (I)  we can rely on the data being accurate; and (2) we can tease apart co- 
variants. Consider the question of welfare payments and fertility. For non-white 
women in the United States, it appears that the AFDC program increases the Iike- 
lihood of having a first child (e.g., Tagiran 1995: Table 30), but has no effect on 
probability of second and subsequent births. In fact, contrary to widespread beliefs 
about the fertility of welfare mothers, today in the United States poor women have 
low total fertility. Women on welfare in Wisconsin had 29.4% fewer children than 
women across the United States, and 32.8% fewer children than women in Wis- 
consin (Rank 1989); such women tended to be unmarried, Black, and less edu- 
cated than others. 

Poor women’s fertility in the United States, although low, tends to be early, 
which may be adaptive for these women (Geronimus 1996a, b, Geronimus et al. 
1997), over and above the simple biological advantage of early reproduction. As 
they age, poor urban Black women suffer “excess mortality” (Geronimus et al. 
1996), and a variety of sub-lethal health problems that make it not only more diffi- 
cult to conceive, but to raise, children (Geronimus et al., 1997). High mortality 
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among Black males means that the probability of having a male partner declines 
with a woman’s age. Even female assistance networks decline. In the poor Black 
populations studied (Harlem, central Detroit, Watts), teenage mothers have about 
a 75% chance that their mother will be alive and able to help when their child is 5 
years old; for women who postpone childbearing until age 20, that figure is 40%. 
Not surprisingly, Geronimus et al. (1997) suggest that early childbearing may mit- 
igate the threat to family economies and caretaking systems (and reproductive suc- 
cess) imposed by the heavy mortality and disease burdens borne by women in these 
populations. Daly and Wilson (1997) have similar findings: in Chicago neighbor- 
hoods, alike except for life expectancy at birth, age at first birth is positively corre- 
lated with life expectancy, And Lancaster (1  986) made similar suggestions for 
traditional societies. These data fit the predictions from life history theory remark- 
ably well: the most important variable in setting the timing of fertility is adult mor- 
tality (in other species we are usually unable to detect sub-lethal problems). 

Early fertility is also associated with low educationaJ achievement, From 1982 
to 1988 in the United States, late fertility, among women 30-39, has increased dra- 
matically (mostly arising from births to well-educated professional women; Fig- 
ure 15.3a). While there are fewer births to teenage women today than in 
1950-1965 (Luker 1996; App. l), these births are largely to women with less than 
a high-school education (Figure 15.3b). 

Resource control (e.g., “wealth” in humans) affects fertility. But what is 
“wealth”? Men’s earnings? Women’s? To explore the relationships between 
resources and women’s fertility, we need appropriate and repeatable measures of 
wealth, information on women’s own wealth, separate from husband’s or house- 
hold wealth, and individual (rather than aggregate) data on age-specific fertility. 
To examine whether wealthy lineages follow different strategies from poor line- 
ages, we need all these individual data across generations. To date, the best study 
I have found that sorts out co-variants (though not across generations) is TaSiran 
(1995); the results suggest that some major evolved patterns remain, but that con- 
siderable complexity exists in transitory (and probably non-selective) economic 
and fertility preferences. 

Ta$iiran compares empirical studies and models for Sweden (pre-1935 to 1965 
cohorts), and white and non-white U.S. women (pre-1945 to 1966 cohorts), using 
macro-, micro-, and integrated data (see also Low, Simon, and Anderson 2000). In 
all three groups, a woman’s years of education influence her birth patterns. For 
non-white U.S. women, 5-9 years of education makes having a first child less 
likely; 10 or more years makes having a first child more likely. For white U.S. 
women, significant negative effects of education exist for first and second births. 
For Swedish women the effects are significant for first and third child (5-9 years; 
an additional effect is seen on first child for 10+ years of education). 

Women’s work has always appeared to present women with a fertility tradeoff 
harsher than men’s, but is it money, or time? Tagiran’s analysis shows how the 
tradeoffs work for these populations: when women’s work experience is con- 
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trolled for, women’s wages have several positive effects on fertility (first births for 
Swedish and non-white U.S. women; second births €or white U.S. women). This 
is in sharp contrast to earlier work, which confounded the time costs and the mon- 
etary gains of women’s work. 

Some differences appear to be simple cultural preferences; others seem to 
reflect cultural costs and benefits of having a child. The effect of 4‘cohort” is sig- 
nificant, reflecting the fact that both economic conditions and cultural preferences 
may vary over time. In Sweden, whether a woman was married or cohabiting (ver- 
sus alone) has no effect on her likelihood of having one or more children; social 
services for parental benefits had a positive influence only on probability of hav- 
ing a third child. A man’s wages increased the likelihood of having a first and sec- 
ond child, In Tagiran’s study, in the United States a man’s income had a negative 
relationship to a woman’s probability of having a first, second, or third child. We 
have no information (e.g., lineage persistence) to help us understand whether this 
is a strategy shift (higher per capita investment per child, fewer children), a repro- 
ductively costly cultural preference, or remaining co-variation (with woman’s age, 
since “husband” includes second husbands). 

What is important is that education and work had time and opportunity costs 
for women, while income had a positive impact on fertility-but it is very difficult 
to separate the three. Thus, in many anaIyses, prescriptions of women’s work and 
women’s education to lower fertility may be ineffective, depending on their rela- 
tionships with women’s incomes. 

WEALTH, LIFETIME FERTILITY, AND 
CONSUMPTION TODAY 

Finding Appropriate Data 

The data from both developed and developing nations today are quite mixed, and 
it is difficult to be certain the data have been collected in an appropriate manner and 
at an appropriate level to test the questions raised here about wealth and fertility. 
Thus, we currently see complexity, and it is tempting to think that there is no clear 
pattern. But is that true? TaSiran found a cohort effect; of course, cohorts differed 
in nineteenth-century Sweden as well, yet (when sought) an overall resource- 
fertility relationship was clear. 1s there also an overall effect today? It is difficult to 
tell from Tqiran’s study, which was designed to answer uther questions. 

There are real-world reasons to specify our questions clearly. Consider Bird- 
sall’s (1980) study on population growth in developing nations. She found a slight 
negative trend between Gross National Product (GNP) per capita and the Total Fer- 
tility Rate (TRF) in developing countries (all of which have higher TFRs than 
Europe and North America). Such data are widely used, for example by policy mak- 
ers, to argue that high income correlates with lower fertility. But the resource ecol- 
ogy of developed and developing countries is vastly different and, just as in other 
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species, we expect quite different fertility patterns when resource richness and pre- 
dictability vary, and when levels of competition differ. The resource-fertility ques- 
tion can only be reasonably asked about individuals within the same population. 

In fact, Birdsall’s within-society comparisons show a linear positive relation- 
ship between wealth and fertility in India, and a curvilinear relationship in the 
other three countries she examined. In no case did the weakhiest quintile have 
fewer children than the poorest. The required investment may limit the number of 
children a couple can afford. Within subgroups, however, those with more than 
sufficient resources may be able to support additional children and still have all be 
adequately invested. The possible implications of these patterns are of interest, 
especially in terms of population policies around the world. 

Here is a further problem. Within-society comparisons can use individual, 
household, or aggregate data. In general, for western deveIoped nations, aggregate 
data (e.g., PGrusse 1993) show no or a slight negative relationship between income 
and fertility. But this may be an artifact of aggregate data. National aggregate 
national census data for the nineteenth century in Sweden appear to show a slight 
negative relationship between status and fertility, but the individual-based data 
show considerable impact of resource on fertility (e.g., Low 1990, Low and Clarke 
1992). 

Aggregate data are usually inappropriate to ask the “lifetime fertility” ques- 
tion. Sometimes census data can be examined in fruitful ways for our questions: 
for example, Daly and Wilson (1983:334) examined fertility by age in married 
U.S. women in the 1970 census. They found that while lifetime fertility showed 
no pattern with wealth, the fertility of women married to wealthy men was earlier 
than that of other women (and this means that richer women had a higher geno- 
typic rate of increase [Fisher 19581 than other women). Studies that actually mea- 
sure lifetime success are, by necessity, typically rather narrowly focused. Further, 
many studies attempting to solve this problem are themselves methodologically 
flawed. Two difficulties are most cummon: either fertility itself is nut measured 
(e.g., Vining 1986), or fertility is measured-but those who never marry are 
excluded from the analysis! 

Measuring “resources” is, of course, a difficult task. Kaplan and Lancaster (this 
volume) have an excellent example of how a particular resource (costly training 
for jobs in sophisticated labor markets) functions in just the way MacArthur and 
Wilson predicted (see also Kaplan et al. 1995; Kaplan 1996). Careful modeling 
approaches (e.g., Mace, this volume) can help. For example, Mace measures the 
reproductive value of children as the expected number of grandchildren arising 
from them-something that would take enormous time to measure empirically. 

Evolutionary anthropologists are asking questions new to demographers, ques- 
tions that require age-specific fertility and mortality data compiled in the ways 
behavioral ecologists do. Knowing birth rates and age-specific mortality is still a 
long way from understanding lineage increase rates (e.g., Mace, this volume). 
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ANALYTIC POSSIBILITIES 

In sum, the analytic possibilities for wealth and fertility relationships today, 
versus in our evolutionary past, are limited. For men and for women, total lifetime 
fertility may be positively, negatively, or not related to resource control. Measur- 
ing these relationships requires within-population data and measures of variance, 
as well as independent data for men versus women-more than most studies have 
managed. Finally, we need measures over multiple generations. 

We need individual lifetime and lineage information, not the aggregate statis- 
tics that are most commonly available, for two reasons (cf. Mace, this volume). 
First, aggregate data tell us nothing about variation. For example, if fertility is 1.8 
children per couple in much of western Europe, and 2.1 in the United States, is that 
a “real,” significant difference? There is no way to tell. Aggregate data for differ- 
ent occupational groups within countries have varied patterns-but without know- 
ing the variance within groups, and whether wealth in each group is normally 
distributed or skewed, we can not make any inference. 

Second, aggregate data typically under-sample a very important group in any 
population: the poor and the homeless, who are typically both very poor and with 
IOW fertility. Statistically the biggest predictor of variance is the size of the zero- 
success class (Conover 1980). For example, U.S. census data are taken from 
households. Suppose poorer households have more children in them than wealth- 
ier households, Does that mean wealth and fertility are inversely related in the 
United States today? By no means. Relationships are not given, and income is not 
apportioned to individuals, so there is no way to know father’s earnings (predicted 
to increase fertility if it is the main income; see Low 1994, Low and Clarke 1992, 
Hawkes 1996) versus mother’s work effort, with its complex effects. Further, the 
poorest of the poor have both very low fertility and very low income-and do not 
appear in census data. If much of the unsampled population comprises the home- 
less, the statistical analysis is compromised. Unless we ask about them as well, we 
have no reliable information about the overall pattern of wealth and fertility in the 
United States. 

Sex differences in wealth-fertility relationships need further exploration. In 
societies €or which data exist, both traditional and modern, there appears to be a 
conflict for women between behaviors that acquire resources and those necessary 
for effective parental effort. Women, whether they must gather food for them- 
selves and their children, or become educated to a high level to earn salaries in the 
marketplace, experience more conflict than men between resource-garnering and 
fertility, since more of women’s effort is directed to parental, not mating, effort 
(above). And when women are single parents, or provide the bulk of resources in 
a market economy, this conflict will be exacerbated. When monetary resources 
become central to children’s success, women’s shift from traditional maternal 
investment patterns to market employment has complex, usually negative, impact 
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on fertility. This may show up as a correlation with industrialization, but the 
apparent link to industrialization may simply be an example of a general phe- 
nomenon: technological advances may require more education or training (e.g., 
Knodel et al. 1990; Kaplan and Lancaster, this volume) and thus more investment 
to produce each competitive child. Such education or training is seldom free; thus, 
we might expect fertility declines to start among the rich, who have the most to 
invest in competitiveness. 

In western industrialized nations today, in which women are a large part of the 
labor force (with the conflicts noted), and in which divorce is prevalent, the 
wealth-fertility pattern for women is probably not linear (TaSiran 1995; Rank 
1989; Kasarda et al. 1986; Low 1993). Other dynamics (e.g., the per-capita 
investment in children) clearly differ for wealthy professional women and poor 
single mothers, but both spend more time working compared to women in fami- 
lies (mostly middle-income) in which the man provides all income. 

When resources become constricted, reproductive responses are likely to be 
uneven within families. In a resource-constriction period, we might find very 
unequal investment in children within a family, with heightened investment in 
older (closer to successful reproduction) sons, whose success in most societies is 
more dependent on resources than daughters (Low 1993). In the Swedish case, for 
example, land was overwhelmingly given to the oldest adult son, despite legal 
“equal inheritance”; and land-owning men had more children than their landless 
brothers (Low 1990). Indeed, even the aggregate data from developing nations 
now showing fertility transitions are highly variable-this would be a fertile area 
for study using the paradigms of evolutionary and behavioral ecology. 

When we get the appropriate detail and level of information, the possibilities 
for any society are limited: 

1. Wealth and fertility are still positively, and Iinearly, related in the society 
under consideration, and we simply did not understand the relationships 
because we measured the wrong things. If this is true, when we Iook inside 
societies (even with data as crude as Birdsall’s), we are likely to find that 
within societies, wealthier people not only have more children, but may 
well invest (and thus consume) more per child than poorer people. 

2. In societies with wealth disparity, in which women contribute considerable 
resources to the household (especially through market enterprises), the 
reIationship between wealth and fertiIity is likely to be non-linear, but with 
the poorest individuals having the lowest fertility. Contraceptive use is 
likely to be the mechanism for achieving “desired” fertility. This condition 
is comparable to (l), but with an important difference: the wealthiest fam- 
ilies have shifted to a “super-investment” strategy that may limit their fer- 
tility to equal, or even fall below, middle-rank families (above), and more 
of the household income is probably provided by women’s work. When the 
wealthiest families are thus limited, peak fertility will occur in middle- 
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wealth families, in which per-capita investment per child is relatively lower 
than among the wealthiest. 

However, any calculation of “genes identical by descent (IBD) times 
wealth per gene IBD” will still be positive: the wealthiest segment of the 
population will still control the greatest proportion of available resources. 
Wealth and fertility are negatively related. When this is true, it may arise 
from family limitation to get better-endowed children (r- and K-selection, 
above) when the family has insufficient resources to raise per capita 
endowment without decreasing number of offspring. Low fertility may 
arise when children must have more-more education, more resources, 
and better jobs-to marry successfully. Even in this case, we should not be 
surprised if men with relatively more resources within each stratum of 
society have more children than men with fewer resources (e.g., Hughes 
1988, Low and Clarke 1993). 

This is a complicated business. “Absolute resources controlled” may be 
less important than the perceived wealth trajectory (e.g., migrants from a 
relatively poorer to a relatively richer area may have fertility above native- 
born individuals of the rich area) or perceived comparative wealth. Several 
suggest that couples assess their income relative both to their parents’ 
income in the previous generation and to others in their social-economic 
group, and make deliberate decisions about family size in response to their 
judgment of available resources; when deliberately chosen family sizes are 
considered, there is a correlation between income and family size. When 
accidental pregnancies are considered, the picture becomes less clear. Here 
is another fertile area for inquiry: how do perceptions of wealth, wealth tra- 
jectory, and the value of children, interact to affect fertility? 
Wealth and fertility show no relationship, because wealth no longer has 
any impact on fertility. Our novel environment may have muddled past cor- 
relates, but people still seek the proximate ex-correlates of fertility. For 
example, men may simply seek wealth and status for their own sakes, and 
higher fertility no longer accompanies them. And perhaps women still 
show some preferences for successful men, but the novelty of birth control 
means that women’s preferences no longer mean more children for suc- 
cessful men. Consider Perusse’s findings (1993, 1994): among a sample of 
Canadian men, wealthier men had no more children than other men 
(women used contraception), although they did have greater sexual access. 

When we see a linear positive relationship between wealth and fertility (1 
above), we suspect no change in the functional relationships of old. A non-linear, 
roughly bell-shaped curve (2) leads us to suspect class or wealth differences in 
investment pattern superimposed on the standard functional relationships, as fam- 
ilies compete in different environments. Negative (3) or no (4) relationships could 
arise either because people are inappropriately (non-adaptively) responding to 
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once-valid proximate cues that are today no longer appropriate; or because there 
are tradeoffs between numbers of children and their probable success due to 
parental investment. 

This is a tricky and subtle business, and most currently available data, gathered 
to answer other questions, are inadequate. We can use (with appropriate care about 
assumptions) models to help flesh out our questions, but again, we need more 
finely honed empirical data. Though it is obvious that the problem is complex, the 
patterns among women’s education, women’s work, and fertility suggest that real 
tradeoffs may exist. We will need longitudinal data (e.g., number of grandchil- 
dren) before we can tell. 

Does it matter what functional relationships are true? If, as most ecologists 
think, we face resource and population crunches in the near future, strategies that 
arise from understanding which of these are true, and why, have better chances of 
success than simple polemic. And some of the main polemic arguments, I suspect, 
will be really unsuccessful. 

AN EVOLUTIONARY BOTTOM LINE 

Reducing Both Fertility and Consumption Is Novel 

The problems of wealth, health, and fertility for men and women are not just of 
academic interest to a few evolutionary anthropologists and behavioral. ecologists. 
I suggest that these questions, and these data, are important in a highly applied 
context-the global issues often called “population and environment”-as well as 
for their own intellectual merit. Both the number of people alive and the con- 
sumption per person today are higher than at any time in the past. Population pat- 
terns-birth, reproduction, and death patterns-are the sum of what individual 
men and women do: they mate and marry, have chiidren, and die, consuming 
resources along the way. When, at the Rio Conference in 1992 and again in 1996, 
the “Northern” {developed) and “Southern” (developing) nations squared off, 
these were the central issues of conflict, with little progress and no resolution. At 
the heart of the debate lay conflicts over resources and fertility multiplied up from 
individual to population levels. 

Today, the ecology of reproduction is vastly different for men and women in 
developing, versus developed, nations, and their appropriate reproductive strate- 
gies are likely to differ-yet we are onIy beginning to ask the evolutionarily appro- 
priate questions. The papers in this volume represent an important step. Yet policy 
is being made or proposed without the knowledge we need. Understanding both 
the evolved patterns, and the proximate cues that drive our behavior, might help us 
devise more useful approaches to population-environment issues. 

We have made little progress analyzing modern populations in this light. Low- 
ering fertility does not enhance sustainability if fertility declines are accompanied 
by consumption increases-as has been the case in past demographic transitions, 
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and as appears to be the case in most developing-nation transitions today. Fertility 
decline today is promoted by many successful family-planning programs around 
the world with clear messages that having fewer children means wealthier fami- 
lies. Wealthier families consume more resources, and if one asks about the inter- 
play of population and consumption, fewer-but-more-consumptive families do not 
lead to decreased or stabilized resource consumption. 

Effective solutions begin with understanding why and how we evolved to use 
resources, and how individual costs and benefits influence our resource exploita- 
tion patterns. If self-interest is unlikely to disappear, perhaps we can, through 
understanding how and why it evolved, learn to use it in solving environmental 
problems. We need better approaches to understanding the relationships among 
resource consumption, fertility, and sustainability. 

SUMMARY 

1. In other species, and in the evolutionary past of humans, resource acquisition 
has correlated positively with fertility, especially for males. 

2. The apparent loss of this relationship is puzzling, and may not be real. Most 
studies suggesting no, or a negative relationship, between resources and repro- 
ductive success is seriously flawed, using inappropriate data. 

3. The status of analysis is reviewed, and the analytic possibilities are explored. 
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16 
To Marry Again or Not 

A Dynamic Model fur  Demographic Dunsition 

BARNEY LUTTBEG, MONIQUE BORGERHOFF MULDER, 
and MARC W G E L  

This chapter reports the results of an empirical investigation of a question con- 
cerning motivation-do men maximize children, or the amount of wealth they can 
give their children? Although the method described here can be used to determine 
what is being maximized in any behavioral domain, we pursue this particular issue 
because of its implications for understanding demographic transition. 

Behavioral ecologists are challenged by the fact that people voluntarily repro- 
duce at lower levels than would apparently maximize their lifetime reproduction. 
The “demographic transition” refers to the precipitous decline in fertility that 
started in many European countries in the nineteenth century (e.g., Coale and 
Watkins 1986) and now characterizes much of the developing world (e.g., Robin- 
son 1992). This fertility shift often occurs in conjunction with improvements in 
child survival, but its magnitude is greater than would be expected if fertility lev- 
els were merely compensating for increased child survival. Furthermore fertility 
reductions usually occur despite general increases in availability of resources. 
Sociologists use the marked drop in fertility that accompanies modernization, 
together with the evidence of negative or indeterminate relationships between 
income and fertility in industrial societies (Mueller and Short 1983), to question 
the legitimacy of evolutionary approaches to the study of humans (e.g., Vining 
1986). In response, evolutionary social scientists propose hypotheses that might 
explain why parents with access to plentiful resources would choose low fertility 
rates. There are three principal hypotheses. 

1 .  In highly competitive environments parents optimize fitness by producing 
a few children with high levels of investment rather than many with less 
investment per capita. This hypothesis draws on the quantity/quality trade- 
offs organisms face in their allocation of reproductive effort, as recognized 
in all evolutionary (Kaplan 1996) and some economic (Becker and Lewis 
1973) models. According to this hypothesis, low fertility would be favored 
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in environments in which high levels of parental investment are both criti- 
cal to the success of the offspring (e.g., Kaplan et al. 1995) and costly to 
the parent (Turke 1989). This notion was first introduced by Lack (1947) 
for the study of clutch size in birds. It concurs in some respects with orig- 
inal accounts of how the European demographic transition was a response 
to socioeconomic changes affecting child costs (e.g., Notestein 1953). 
Demographers have evaluated this hypothesis by examining the timing of 
transitions in relation to relevant socioeconomic indicators, which has pro- 
duced mixed results (Lesthaeghe and Wilson 1986). Behavioral ecologists 
have developed more direct tests, particularly multigenerational empirical 
studies and modeling. 

2. Lowered fertility rates are a consequence of Darwinian but nongenetic 
mechanisms of inheritance, by means of which traits associated with cer- 
tain influential individuals are preferentially imitated by others in the pop- 
ulation. Boyd and Richerson (1985) propose that small family sizes might 
be transmitted through such a process. In an attempt to copy successful 
individuals in a population, imitators adopt all the traits of the model, irre- 
spective of whether or not these contribute to the model’s success. This 
process, which Boyd and Richerson call t‘indirect bias,” opens up the pos- 
sibility for the spread of potentially maladaptive traits, by means of Dar- 
winian but nongenetic mechanisms. 

3. Lowered fertility is a maladaptive outcome of novel social, technological, 
and environmental changes that have been so rapid that adaptive responses 
are not (yet) elicited. An obvious example in this context is birth control 
technology. Pkrusse (1993) shows that the wealthier section of his Cana- 
dian sample of men achieve higher copulation rates than do their less 
wealthy counterparts, but do not achieve higher fertility because of the 
intervention of birth control. According to this hypothesis, then, low fertil- 
ity is simply maladaptive. 

We turn now to the status of and evidence for each of these hypotheses. Apply- 
ing optimality models to the function of intermediate-sized families (hypothesis 
1) has proved less fruitful than originally hoped. Two empirical studies (Kaplan et 
al. 1995; Mueller n.d.) looked at whether numbers of grandchildren were greatest 
among parents who produced intemediate numbers of offspring. Both failed to 
support the hypothesis. Others have used models to explore how specific assump- 
tions about the relationship between parental effort and offspring success can gen- 
erate situations in which small family sizes reflect an optimal tradeoff between 
offspring quantity and quality (e.g., Anderies 1996; Beauchamp 1994; Rogers 
1990). As yet, they have failed to identify environments in which the classic fea- 
tures of the demographic transition arise at equilibrium. For example, in the most 
realistic version of his model, Rogers (1995) is unable to find either an environ- 
ment in which fertility decreases with wealth (but see “Discussion”), or one in 
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which wealth maximization ensures a higher fitness payoff than simply rnaxirniz- 
ing number of first generation descendants. Beauchamp (1994; Figure 4) finds that 
smaller fafamily sizes are favored in competitive but not in noncompetitive envi- 
ronments; in both environments, however, high income groups still out-reproduce 
low income groups (consistent with Rogers 1995). 

The cultural inheritance hypothesis is intriguing. It may well account for the 
rapid spread of fertility-limiting behavior through populations, and it is intricately 
linked to the notion now popular among demographers and social scientists that 
changes in ideas (rather than changes in the economy) cause fertility transitions 
(Bongaart and Watkins 1996). But it raises some questions too. First, why do the 
influential, trendsetting individuals choose lower fertility in the first place? 
Granted there will be tradeoffs between seeking socioeconomic status and repro- 
ducing early and often. But quite why reproduction is sacrificed to such extremes 
still needs to be explained, or at least raises questions about how such status- 
seeking becomes equilibrated in a population where there may be countervailing 
selection for high fertility, sending us back to hypothesis 1. Second, cultural inher- 
itance theorists build their models on a very different set of assumptions concern- 
ing the mechanisms of evolutionary processes than do behavioral ecologists. Such 
abandoning of the basic organic evolutionary model may still be premature, 
although the potential importance of such mechanisms is pointed to in newer 
work, outlined below. 

The maladaptationist approach (hypothesis 3), when specifically linked to the 
existence of birth control technology, fails to provide a satisfactory explanation for 
demographic transition. The European transition started before the availability of 
modem birth control technology (Livi-Bacci 1986); furthermore in many parts of 
contemporary Africa the transition does not occur despite availability of free con- 
traceptives (Jones, et al. 1997). More generally, however, maladaptationist 
accounts cannot substitute for explanatory theories unless they specify precisely 
what has changed in the environment, why these changes lead to lowered fertility, 
and what kinds of evolved mechanisms might underlie this response (see Kaplan 
et al. 1995). 

The present paper adopts a different approach from any of the above. It sets to 
one side the question (central to hypothesis 1) of whether individuals select fertil- 
ity levels that maximize the production of grandoffspring. Rather, it turns to an 
empirical investigation of the simpler but perhaps more fundamental question of 
whether individuals (men in this case) maximize the numbers of their children or 
the amount of wealth they can give their children. We work from the premise that 
understanding reproductive behavioral processes (and the motivational factors 
that underlie them) is central to explaining the changing relationships between 
wealth and fertility. 

To expose motivations behind reproductive decisions we employ in a novel 
way a modeling procedure central to behavioral ecology. Dynamic state variable 
models (Mangel and Clark 1988; Mangel and Ludwig 1992) are used to connect 
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physiological or ecological states, measures of fitness, and behavior of individu- 
als. Conventionally, the fitness currency is specified on the basis of the organism’s 
natural history. On the assumption that natural selection has shaped a decision- 
making process to maximize this fitness currency, the model is used to explore 
how variations in an organism’s social and material environment shape optimal 
decisions. We take an alternative approach. We use real world observations of Kip- 
sigis men to determine what fitness currency best accounts for their behavior. We 
construct alternative models using fitness functions variously weighted toward 
material versus reproductive motivations, and then test which fitness function best 
matches the pattern of marriages observed in the real data. 

We focus on the marital decisions of men in a rural Kenyan Kipsigis popula- 
tion. There are several reasons why the study of Kipsigis men is particularly 
rewarding with respect to elucidating reproductive motivation. First, rural Kenya 
began its fertility transition only in the late 1980s (Robinson 1992). By focusing 
on men who married between 1941 and 1983, we therefore use data from a 
pre-fertility transition population (for consistency of reproductive behavior over 
time, see Borgerhoff Mulder 1987a). Second, many Kipsigis men many more than 
one wife, such that there is high variance in men’s reproductive success. Though 
polygynous marriage has little effect on population growth rates, it has a major 
impact on an individual man’s reproductive success. Analyzing the decision 
whether or not to many polygynously therefore offers considerable scope for the 
study of factors motivating men’s reproduction. Third, thoroughly verified and 
cross-checked demographic and marital data (both retrospective and prospective) 
are available (e.g., Borgerhoff Mulder 1987a, 1987b, 1995). 

KIPSIGIS ETHNOGRAPHY 

ECOnOllly 

Kpsigis are Kalenjin Nilotic Kenyans, who have lived for several centuries in 
what is now southwestern Kenya. Traditionally they were herders, but they have 
always cultivated millet and semi-domesticated cultivars to supplement a milk- 
and-meat-based diet. The Abosi population (Borgerhoff Mulder 1990) adopted the 
practice of individual ownership of land in the 1930s, and thereafter began grow- 
ing maize for both subsistence and cash purposes. Livestock (cattle, sheep, and 
goats) remain central to the economy, as sources of milk, meat, and capital. 

Since the 1930s, the basic livelihood has been quite stable. Men are the fore- 
most decision-makers for the farm, and the sole owners of land and livestock. 
Women obtain use rights to land only through their husbands, although they spend 
much more time in agricultural work than do men (Borgerhoff Mulder et al., 
1997). A few acres of land (usually a substantial proportion of the family plot) are 
put into maize production each year, and the rest is left fallow for livestock graz- 
ing. Men usually cultivate a small plot (a half acre or so), whereas women culti- 
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vate more, depending on the numbers of their children, their energy, and the size 
of the plot. A single maize harvest is raised each year, and any surplus over the 
estimated annual needs of the household is usually sold, in recent years, to a 
national marketing board. If a man’s wife’s (or wives’) stores become depleted, he 
must find maize (the staple diet of every family) elsewhere, usually through pur- 
chases from local traders or at markets. Women supplement maize production 
with small gardens of beans and vegetables. Other food items (oil, salt, tea, and 
occasionally sugar) are bought from local trading posts. 

Livestock are grazed primarily on the farm, although unproductive areas (such 
as steep hillsides) are available as commons. Herds of cattle are heavily skewed 
toward females (through the sale or slaughter of steers) to enhance milk produc- 
tion, which is used both for domestic consumption and for cash sales to a national 
marketing board and private customers, Small stock are kept in low numbers, pri- 
marily for meat consumption. Livestock are used for bride-wealth payments, as 
well as for meeting various expenses including supplementary food items, uten- 
sils, hoes, pesticides, clothing, medical treatment, and education. 

Both maize and livestock production are risky for Kipsigis. Rainfall is adequate 
for both activities (1,265 mm per year), but is annually variable. Since Abosi lies 
in the driest part of the Kipsigis range, it frequently suffers years of poor maize 
yields and minimal milk production. Other factors contributing to an unpre- 
dictable food supply are labor shortages, agricultural pests, cattle diseases, and 
raids. If a man is sick in December, the fields do not get prepared and planted. If 
women are unhealthy anytime between January and June, their fields turn to weed. 
Similarly, children who are ill can keep their mothers at home, or busy traveling 
to distant dispensaries and traditional curers. While community labor pools ame- 
liorate domestic problems, cooperation needs to be reciprocated or it ceases. 
Indeed, food deficits in households observed in 1982, 1983, and 1991 were com- 
monly caused by labor shortages at critical times. In addition, pest infestations, 
both in the fields (in years of heavy rain) or in the grain stores, can decimate a crop. 
Livestock disease further threatens every herd, and is prevalent in the area because 
of the great expense of veterinary medicines, and cattle raiding still occasionally 
occurs. 

Marriage 

Women almost invariably marry soon after puberty, but men’s age at marriage 
is much more variable, with the median ranging from 21 to 25 years between the 
1950s and the 1980s. At marriage a man receives a share of his father’s livestock 
and land, and there he settles with his new wife, in a state of semi-independence 
from his father, Legally these capital resources are not viewed as his until his 
father’s death (or incapacity), yet in practice this share of land and livestock con- 
stitutes the final inheritance that a son receives from his father. For the purposes of 
this paper, a man’s reproductive and economic career starts at his marriage. All 
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marriages require a substantial bride-wealth payment to the bride’s parents, the 
amount of which has been quite stable over the period between 1952 and 1991 
(Borgerhoff Mufder 1995). A man’s first bride-wealth payment is made by his 
father. Subsequent marriage payments for additional wives are his own responsi- 
bility. Men marry multiple wives for many reasons, primarily to obtain women’s 
labor and reproductive services: a man with many wives is admired for numbers 
of children and for the economic power that derives from a large household. 
Divorce is not permitted, although some women temporarily withdraw sexual and 
economic services by running away. 

Previous analyses show that the Kipsigis marriage system resembles resource 
defense polygyny in many respects (Borgerhoff Mulder 1990). Wealthy men can 
afford multiple bride-wealth payments, thereby gaining multiple wives. Repro- 
ductive costs associated with polygynous marriage for women are not high, sug- 
gesting that pour men are generally unable to either coerce or attract additional 
wives. 

Raising Children to Independence 

Children are produced at a fast rate in Kipsigis society, where cows’ milk and 
solid foods are introduced at 3-4 months, breast-feeding rarely extends beyond 
2.5 years, and lactating women frequently conceive. Mortality in the first five 
years of life is high; the average postmenopausal woman produced 9 live births, 
with between 5 and 8 of those children (depending on the cohort) surviving to 5 
years of age. Children are viewed as an economic and social asset, and national 
family planning initiatives have had little impact in this and many other rural com- 
munities. No wurnan in the original 1982-1983 demographic study (N = 1,257) 
reported using western contraceptive methods, and only 1 (N  = 120) in the 1991 
survey. 

Staple foods for children (maize, milk, vegetables, and occasionally meat) are 
produced on the farm and supplemented by shop-bought items as noted above. 
Very rudimentary primary health care is available (for cash) at several nearby dis- 
pensaries. Two hospitals, both mission-run and expensive, lie within 50 miles of 
Abosi; credit is permitted in some cases. All of these services are used by the 
majority of families, often in conjunction with visits to traditional healers, whose 
services are also not free. Child mortality, and indeed maternal health, bears a 
close relationship to family wealth (Borgerhoff Mulder 1987b). 

Primary school is officially free, although there are various forms of mandatory 
fundraising. Secondary schooling can be expensive. Only a small number of chil- 
dren, usually sons, progress to secondary school (Borgerhoff Mulder 1998a). 

At independence, sons’ bride-wealth payments and marriage ceremony costs 
must be covered. Conversely, daughters bring in a bride-wealth, and their marriage 
expenses are paid by the groom’s family. Daughters inherit no significant property 
whatsoever. Once married, sons inherit a share of their father’s land and livestock, 
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although this property is not considered legally theirs till the €ather’s death, and 
can be used by the father should he so wish. Sons who do not marry almost 
inevitably leave home. 

EMPIRICAL METHODS AND RESULTS 

Field Methods 

Detailed reproductive, marital, and economic histories were compiled for 98 
men in 1982-1983 and were checked and updated for 88 of these individuals in 
1991. Thus 88 rnen with combined prospective and retrospective data are the sub- 
ject of the present paper. We have coded for each man the acreage of his plot, the 
size of his herd, and the number of his wives and children at the end of each seven- 
year period after his marriage; livestock and land are combined to measure each 
man’s “capital” or wealth. The present paper combines data from three cohorts 
(Churna, Sawe, and Korongoro); future analyses will explore variations between 
these cohorts in the dynamics of polygyny, capital, and investment. 

Empirical Results 

As in all other published analyses on Kipsigis there is a positive correlation 
between wealth and polygyny, indicative of a “polygyny threshold” (B orgerhoff 
Mulder 1990). The relationship between initial (or inherited) capital and number 
of wives after 2 1 years of married life is shown in Figure 16.1 - Furthermore, richer 
rnen take a second wife sooner than do poorer men (data not shown). These results 
tell us nothing new about the Kipsigis social and economic system, but they do 
show that this sample is comparable to others drawn from the population, and 
they provide patterns against which the output of the simulation models can be 
compared. 

A DYNAMIC STATE VARIABLE MODEL FOR 
MARRIAGE BEHAVIOR 

Model and Parameters 

In this section we describe a model specifying how food, wealth, and children 
are produced in the environment and society of Abosi. This model is used to deter- 
mine optimal marital decisions for each of a man’s first 21 years of married life. 
Optimal marital decisions are modeled as a function of a man’s current state 
(wives, children, and wealth). 

We use a dynamic state variable model (Mangel and Clark 1988; Mangel and 
Ludwig 1992) to detect the motivation behind the marriage behavior of individual 
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Initial wealth 

Figure 16.1. Empirical results. The number of wives at the end of the 21-year sampling 
interval (’y) increased with initial value of livestock and land (x), yielding a regression 
equation of y = 1.37 + O.OS(x), with 3 = 0.17. 

men. This type of model proposes that behavior is dependent on the states of indi- 
viduals. In our model, a man’s states are 

W(t) = value of livestock (in thousand Kenyan Shillings, tKS, at their 1960 
monetary value) a man has at the start of year t 
C(t) = number of wives he has at the start of year t 
K(t) = number of children he has at the start of year t 
L = amount of land (in acres) he possesses; this value does not vary 

These state variables are constrained as follows: 1 5 Cft) s c,,, wmin 5 W(t> 5 
w,,,, and 0 s K(t) s k,,,, where c,,, is the maximum number of wives allowed 
in the model, wmin and w,, are the minimum and maximum number of livestock 
allowed, and k,,, is the maximum number of children allowed. 

The limits we placed on the variables are based on empirical data (1982-1983 
values; Table 16, I). Although men have married as many as 12 wives, it is unusual 
for a man to have more than 4 wives, so we set c,,, = 4. Similarly, 24 children is 
the maximum allowed in the model, although in unusual cases men may have as 
many as 50 children. The parameters wmin and w,,, for livestock wealth are taken 



TabEe 1. Variables and Parameters in the Model 

Year, with T (= 21) being the terminal year 
Amount of land owned 
Livestock weaIth at the start of year t 
Maximum possible livestock wealth 
Minimum possible livestock wealth 
Total wealth, land and livestock 
Total wealth per child 
Critical wealth for raising children so that they contribute 

Number of wives, start of year t 
Maximum number of wives 
Cost of marrying a wife 
Amount of land a wife can farm 
Amount of land not being farmed, and being used for 

Value of food produced per acre 
Parental food requirements per year 
Child food requirements per year 
Price paid to buy food 
Price received to sell food 
Number of children, start of year t 
Maximum number of children 
Average yearly production of children, per wife 
Cost of maintaining children per year 
Cost of educating children 
Cost of sick children 

to fitness 

grazing cattle 

Varies 
Fixed 
Varies 
50 tKS 
1 tKS 
Varies 
Varies 

3 

Varies 
4 

4.6 tKS 
1.5 acres 

.93 tKS/acre 
.2 tRS 

.132 tKS 
1.5 tKS 
1 tKS 
Varies 

24 
0.27 
.4 tKS 
1 tKS 
2 tRS 

_ _ _ _ ~  ~ 

[a] For simplicity land was held fixed in the model. Productive land (suitable for grazing or cultivation) 
ranges between 1 and 22.5 acres (tKS value 1 .1  - 24.8). Unpublished analyses show the results 
of this paper are unaffected by whether the model output is compared with the full empirical data 
set (n = 88) or only those who did not buy or sell land (n = 61). 

[b] Livestock holdings range in tKS value between 0.1 and 18.2. Summing Iivestock and land values, 
capital varies from 1.8 to 40.2. The model allows wmaX to reach 50 tKS, to compensate for the 
fixed land constraint. 

[c] Both child mortality (Borgerhoff Mulder 1987b) and wife’s temporary desertion rates are high 
among women married to men with little land. 

[d] Two men married 12 wives, but >4 wives is unusual. 
[e] Mean for this sample. 
[ f l  See the section on Kipsigis economy. 
[g] Based on cattle market exchange rates, retrospective interviews, and group discussions. 
[h] Food intake estimates based on observational data and parents’ estimates. 
[i] Market fluctuations refiecting supply, demand, and government policy. 
fi] Some men have >50 children, but >24 children is unusual. 
[k] Mean number of offspring surviving to five years for women in this sample is 6.8, over a median 

reproductive lifespan of 25 years. 
[l] These include store-purchased food, such as tea, oil, salt, and sugar, as well as clothing, soap, 

primary school materials, etc., and are set at 0.32 tKS per year per child. The cost of minor 
illnesses is set at 0.08 tKS. 

[m] Government schools cost about .7 tKS per annum, whereas mission or private schools can exceed 
3 tKS. Since most children attending secondary school use government institutions, the average 
i s  set at 1 tKS. 

[n] Costs vary widely (across hospitals and healers), but 2 tKS was a commonly cited payment for 
major illnesses of offspring. 
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from the empirical data; the lower limit is set by social factors extraneous to the 
model-specifically the customary support that poor or unlucky individuals gain 
through cattle loaning and grants of assistance (Peristiany 1939). 

The Terminal Payoff 

We envision that the men behave in a manner to maximize a long-term payoff 
that is obtained at time T (e.g., after 21 years of marriage to his first wife). T is 
used to represent terminal time period and t is used to represent earlier time peri- 
ods. The payoff is a combination of the number of children and the wealth (land 
plus value of Iivestock) a man has at time T. We denote this payoff as F(w,c,k,L,T), 
where W(T) = w, C(T) = c, K(T) = k, and L is the (fixed) amount of land that a 
man owns. We evaluate the terminal payoff as follows. The total wealth (in tKS) a 
man has at time T is 

CUT = w + 1.1L (1) 

where the term 1.1 accounts for the value in tKS of an acre of land. Wealth per 
child is 

W, = wT / k (2) 

We assume that if a man’s wealth per child is less than a critical value, wCrit (3 
tKS), his terminal payoff is 0. We base this assumption on the fact that child mor- 
tality increases dramatically among women married to men with little land (Bor- 
gerhoff Mulder 1987b), and also on qualitative observations that a wife is much 
more likely to run away from her husband if he is very poor, Thus, when LO, < wCrit, 
men attain no fitness. 

We use a terminal fitness function (Mangel and Clark 1988; Mangel and Lud- 
wig 1992) that captures the conflict between a man maximizing accumulated 
wealth and maximizing children. To do this, we use a weighting parameter y, 
which ranges between 0 and 1, and which balances these two conflicting goals. In 
particular, the terminal fitness function is 

F(w,c,k,L,T) (1 - Y)k + O.lyk(o, - w,,.it) (3) 

when o), > wCrit. In this expression, the coefficient 0.1 is chosen so that the two 
terms on the right hand side of equation 3 are approximately equal at intermediate 
values of the weighting parameter y and wealth. 

This fitness function represents the conflicting motivation to maximize children 
or maximize wealth per child to various degrees. For example, if y = 0, then 
F(w,c,k,L,T) = k, and one would assert that the men are “maximizing children.” If 
y = 1, then F(w,c,k,L,T) = O.lk(co, - wCrit), and one would assert that men are 
“maximizing wealth per child.” Values of y between 0 and 1 produce fitness func- 
tions in which both number of children and wealth per child are important (Figure 
16.2). 
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Figure 16.2. The terminal payoff to a man with three children as a function of the total 
value of livestock and land, for three values of the weighting parameter y. Smaller val- 
ues of the weight parameter mean that more emphasis is given to children vs. wealth; 
hence the slope of the terminal payoff function is shallower. When the weighting param- 
eter is larger, weaith is more important-hence the larger slope. Beyond the level of crit- 
ical wealth, maximum fitness per child is reached when wealth per child equals 13 (39 
for 3 children). 

Finally, we assume that if a man’s wealth per child is 10 tKS or greater than the 
criticaI value, (o, > 13, his contribution to his child’s success saturates. Thus, when 
o), > 13, then F(w,c,k,L,T) = k, and the terminal payoff is his number of children. 

The Dynamics of Wealth, Wives, and Children 

Food, wealth, and children are produced in the following way. Each man pos- 
sesses a fixed amount of land, L, of which he farms 0.5 acres and each wife can 
farm L, acres. Thus the total land that the wives farm is either L - 0.5, when land 
is limited, or cLw, when land is unlimited; we denote this is by min(cL,, L - 0.5). 
Assuming that the food produced is valued at -93 tKS per acre (based on cattle 
market exchange rates and retrospective interviews and averaged across years), 
the total value of food produced by a man and his wives is 

(4) vfood = .93[.5 + min(cL,, L - O S ) ]  tKS 

The excess land that a man may possess, which is not being farmed, is used for 
grazing cattle. The land available for grazing, L,, is either 0, when all of his land 
is being used for farming, or L - cL, - 0.5. We used an empirically derived regres- 
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sion linking livestock productivity to the amount of land availabIe for grazing fa 
nonlinear function reflecting the fact that labor constraints limit livestock yields, 
and particularly milk yields) to compute the yearly value (in tKS) of land used for 
grazing 

ifL,c 6 
i f 6 s L g s  12 
if L,>12 

(5) 

For simplicity, we have linked livestock productivity to the amount of land avail- 
able for grazing. This is reasonable, given the strong correlations between land and 
livestock in all Kipsigis cohorts. The relationship in equation 5 is nonlinear 
because (a)  families cannot milk more than a certain number of cows each day and 
(b)  men with large farms tend to have land on rocky hillsides, which are not pro- 
ductive for livestock. 

We assume that the values in equations 4 and 5 apply in “good years.” There 
are two kinds of “bad years.” The first, which occurs 10% of the time, is a total 
crop failure, so that vfOod and vgrz are 0. The second, which occurs 25% of the time, 
is a 50% crop failure, so the values in equations 4 and 5 are reduced by 50%. 

The food produced by a man and his wives is used to feed the family, and any 
excess food is sold. We assume that the food requirement for a child, Fk, is .132 
(tKS) per year and for an adult, F,, .2 (tKS) per year; these estimates are based on 
both observational data and the widely held belief among Kipsigis that one acre of 
maize (.93 tKS) is sufficient to feed a family of six (husband, wife, and four chil- 
dren) for a year and that children eat about two-thirds as much as an adult. Thus, 
the value of food (in tKS) required to feed the family is 

vreq = . 2 ( ~  + 1) + .132k (6) 

If the total value of food produced exceeds the value of food required, the 
excess is sold at a price, F,, of 1 tKS. If less food is produced than is required, we 
assume that food must be purchased at a price, F,, of 1.5 tKS for each 1 tKS 
required. Maize (or maize-flour) purchased a few months before the next harvest 
can cost more than twice as much as it costs at the time of harvest; hence the 
scarcity factor of 1.5 is a gross estimate of the additional cost of running out of 
food. 

If a man chooses to acquire a new wife in a given year, then 

C(t + 1) = C(t) + 1 (7) 

subject to the constraint that C(t+l) cannot exceed cmax. He also pays a cost, COSL, 
of 4.6 tKS, which was the mean bride-wealth for marriages in the sample. 

We assume that the number of children born to a man is a product of his num- 
ber of wives, with each wife producing a child roughly every four years, k, being 
0.27 children per year, determined from the mean number of surviving offspring in 
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the sample (6.8 children over a median reproductive span of 25 years). If a man cur- 
rently has C(t) wives and K(t) children, then the number of children next year is 

K(t + 1)  = K(t) + .27C(t) (8) 

Fractional values of children are removed but are included in the next year’s cal- 
culation of number of new children. 

Children involve three additional costs, other than food requirements. First, 
there are basic maintenance costs, cost,. These include store-purchased food, such 
as tea, oil, salt, and sugar, as well as clothing, soap, primary school materials, etc. 
We set these costs at 0.32 tKS per year per child, on the basis of costs in 
1982-1983. In addition, children have minor illnesses, which incur a 0.08 tKS 
annual cost for the treatment. Thus, the cost of maintaining children, costk, is 0.40 
tKS per year per child. Second, there is the cost of secondary education, cost,, 
which includes fees and occasional maintenance away from home. Until recently 
only a few sons (usually aged 12-18) attended secondary school, at an annual cost 
of 1 tKS. Assuming an even sex ratio and an even age distribution, a man with k 
children incurs a total cost of k/6 tKS for educating his children. The third cost is 
that of a major illness or accident, cost,. We assume that children become sick 
independent of each other and that each child has a 10% chance of incurring a 
major sickness or accident, costing 2 tKS in treatment. 

Choosing Whether to Marry Additional Wives 

The model spans 21 years, to match the empirical data. Each year a man 
decides whether or not to take an additional wife. Marriage entails economic and 
reproductive consequences. The husband must pay a bride-wealth, reducing his 
wealth. His additional wife farms some land, if it is not already completely 
farmed, which may generate food and wealth. She produces children who incur 
costs. Whether the economic costs of marrying an additional wife outweigh the 
reproductive benefits depend on the man’s current state, and whether the terminal 
fitness function favors the maximization of children or wealth per child. In the 
appendix we present details of how the costs and benefits of taking an additional 
wife are determined and compared. 

A Forward Iteration to Predict Behavior and Compare 
with Observations 

To compare the marital decisions produced by the model with the actual deci- 
sions of men in the empirical database, we simulated the behavior of these men 
using the values of land and livestock they possessed at the beginning of their adult 
lives and the optimal rules generated from equation 17 (see appendix). Because of 
the various stochastic events in the model, we constructed thirty independent 
replicates of each man. All simulated men started with one wife and no children. 
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Figure 16.3. Model output. The model predicts that men with more wealth marry more 
wives. This is analogous to a “polygyny threshold.” The regression equation for the 
model output is y = 0.617 + O.O8(x), r2 = 0.5556. 

The Model Predicts Empirical Findings 

Consistent with the empirical evidence the model predicts a positive relation- 
ship between a man’s initial wealth and the number of his wives (Figure 16.3)’ 
when an intermediate value of y is used, 0.7. Also consistent with empirical find- 
ings, the model predicts that men with more initial wealth marry a second wife 
quicker than men with less initial wealth (model output not shown). We now use 
the model to explore the scatter in the real data by examining the effect of y on the 
accuracy of the model’s predictions. 

The Value of y Affects Marriage Behavior 

The effect of the weighting parameter can be seen in the marriage behavior of 
model men. As y is varied, the frequency distribution of wives changes (Figure 
16.4). As y increases, the average number of wives decreases and fewer men are 
polygynous. Thus there is a “polygyny threshold” in the weighting parameter y as 
well as in the initial capital. This prediction parallels that of Beauchamp (1994; see 
also Mace, this volume). Beauchamp’s use of concave and convex functions to 
determine how parental expenditure affects offspring quality is somewhat similar 
to our use of the gamma weighting parameter. He found that, for a given wealth 
category, parents have fewer children in competitive environments (where most of 
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Figure 16.4. The marriage behavior of simulated men varies with the weighting parame- 
ter. The frequency distribution shows that when y is large more men have only one wife 
and no men have four wives. 

the impact of parental effort on offspring success occurs in the higher range of 
allocation) than in benign environments (where most of the impact on offspring 
success resulting from parental effort occurs in the lower range of allocation). 
Similarly our model shows that where men want to preserve resources over their 
reproductive career (i.e., where gamma is weighted toward 1), they less often 
marry a second wife. 

Observed Marriage Behavior Allows Inference about y 

We compare the behavior of men using fitness functions with different y 
weightings with their actual behavior to infer which value of y best matches the 
actual “motivations” of Kipsigis men. For each man in the data set the number of 
wives at period 7,14, and 21, which we denote by Cj,7, Cj,14, and Cj,21, is recorded. 
Some of these data are missing due to sample truncation. Similarly, the number of 
wives of the k* simulatedman, cjk(’lly), Cjk(141y), and Cjk(211y), who had the same 
initial conditions as the j* man in the data set, depends on the value of the weight- 
ing parameter used in the fitness function. A simple way to compare the empirical 
data and the simulation data is the sum of squared deviations of number of wives 
at years 7, 14, and 21, which depends on the weighting parameter: 



360 Barney Luttbeg, Monique Borgerhoff Mulder, and Marc Mange1 

This is a measure of the variance between the predictions of the model and the 
empirical data. 

We computed SSQ(y) for values of y between and including 0 and 3. (Figure 
16.5). A number of points emerge from this computation. First, men with high val- 
ues of y (0.7 to 0.9) in their fitness functions behave more similarily to the actual 
behavior of Kipsigis men than men with lower y- Thus, it appears that Kipsigis 
men are maximizing wealth per child rather than number of children. Second, the 
values of y that provide the minimum value of SSQ(y) allow us to infer how men 
are weighting wealth and children in their marriage decisions. Third, although not 
shown in Figure 16.5, SSQ(y) is completely flat over the range of y shown in year 
7. It is only in years 14 and 21 that differences emerge, indicating the importance 
of long-term and/or retrospective studies. 

Sensitivity analyses (not presented here) on a subsample of men show that the 
error of the predicted relative to the observed results (sum of squares) is always 
lower at high y than low y. The shape of the distribution in Figure 16.5 is largely 
unchanged when parameters for the following variables were modified: amount of 
land wife can farm, value of food produced per acre, probability of a total food 
production failure, costs of maintaining children, costs and probability of a major 
illness, and level at which inherited wealth maximizes a child’s fitness, 

I I 1 1 I I I I I 

0 0.2 0.4 0 . 6  0.8 1 
Gamma 

Figure 16.5. The total sum of squares SSQ(y) computed by comparing the predicted and 
observed marriage behavior of men. Higher levels of y produce reproductive decisions 
that more closely match the actual behavior of the men. The actual values of y used are 
shown by circles and the line is interpolated for ease of viewing. 
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For two reasons our results should be taken more as an illustration of the infer- 
ences that can be drawn from the method, rather than a conclusion about the pre- 
cise value of the weighting parameter that the men are using. First, we have not 
conducted a full sensitivity analysis of the model; second, data from different 
cohorts have been combined. Regarding this latter point, we stress that our results 
are not a consequence of using partially censored data since at year 7 the behav- 
ior of real men is explained equally well (or poorly) by models predicated on dif- 
ferent gamma values; in other words, SSQ(y) is completely flat (see above). The 
results, preliminary as they are, nevertheless raise several issues for discussion. 

Kipsigis Men’s Concern with Wealth 

In one sense the finding that Kipsigis men are concerned with the accumulation 
of wealth over their lifespan is easy to explain. Kipsigis practice patrilineal inher- 
itance of the family estate-primarily of livestock and land. A father’s land and 
livestock are divided among his sons only at his death (until then they have only 
rights of use). For this reason we did not incorporate a “cost of fledging” in the 
dynamic state model. In addition, a father needs to preserve resources for the 
bride-wealth payments of his sons (should they outnumber his daughters). As such 
Kipsigis men’s strategies are likely to be motivated by materialistic concerns. The 
principal finding of this paper is therefore not surprising. Further, it is in line with 
conventional qualitative arguments, that pastoralists try to keep their fertility “in 
balance” with resources (Stenning 1959), and that agriculturalists adopt family- 
building strategies aimed at providing heirs with adequate estates (Goody 1976; 
Skinner 1997). Note that while this finding is loosely consistent with the quan- 
tity/quaIity tradeoff hypothesis it offers no information on long-term fitness con- 
sequences. The present study is new insofar as it provides quantitative support for 
material motivations that reduce men’s fertility (in this context it says nothing 
about women’s motivations, whose fertility preferences often diverge significantly 
from those of men). 

Before turning to the broader theoretical implications of this study for demo- 
graphic transition, we need some further discussion of the gamma function (y). 
Having y in the fitness function allows us to vary the effect of a man’s wealth on 
the success of his offspring. More specifically, as y increases, a man’s wealth has 
a greater impact on the success of his offspring, and the slope of that impact 
increases (Figure 16.2). The base model used for these analyses specifies that the 
effects of inherited wealth on sons saturate at 13 tKS (10tKS above the 3 tKS 
threshold, below which reproduction is unsuccessful), which, assuming a 5050 
sex ratio, is equivalent to capital goods of 26 tKS. Two considerations give us con- 
fidence in the appropriateness of this function. First, the empirical data show very 
few cases where men inherit capital goods of greater value than 26 tKS-in fact 
the range of inheritances closely matches those of men in the empirical data base; 
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thus our parameter is empirically valid. Second, sensitivity analyses show that 
varying the saturating level between 5 tKS and 15 tKS above the threshold has no 
substantial effect on the pattern shown in Figure 16.5. This gamma function there- 
fore allows us to differentiate strategies aimed at the maximization of reasonable 
amounts of wealth per child (for the Kipsigis cohorts studied) from strategies 
geared to the maximization of fertility per se. To test hypotheses about how the 
costs of children affect fertility (discussed below), we need to vary the costs of 
children (cm, c,, 81) incurred prior to their father’s death, as well as the value at 
which inherited wealth saturates. To test whether individuals select fertility levels 
that maximize the production of grandoffspring (no studies to date have shown 
that intermediate fertility levels are optimal; see above), empirical analyses of sec- 
ond-generation effects are required. 

In short, the results of this initial paper speak more directly to the issue of 
reproductive motivation than fitness optimization. We suggest that the method can 
usefully be applied across a range of different types of human societies (see 
below). 

Implications for Explanations of 
Demographic Transition 

Two key features of the demographic transition were identified above: across 
societies there is an overall decline in completed fertility despite favorable mate- 
rial conditions (wealth), and within societies there is an erosion of positive corre- 
lations between wealth and fertility. What light do the present findings shed on 
these puzzling phenomena? 

With regard to the first, Rogers (1 990,1995) tried to determine the precise con- 
ditions (social, environmental, or institutional) under which material motivations 
might be selected over pure reproductive motivations. He used simulation models 
to see whether in an environment in which wealth is heritable there are circum- 
stances in which long-term fitness is better predicted by an individual’s wealth 
than by the number of hisher children. If such environments exist (and were com- 
mon in our history) there would be some evolutionary explanation for the appar- 
ent predominance of material over reproductive motivations in post-demographic 
transition societies. Unfortunately, in the most recent and appropriate simulation 
work, reproductive and material motivations are indistinguishable (Rogers 1995: 

In this context the present empirically based study becomes interesting. Among 
Kzpsigis men there is a positive correlation between wealth and number of chil- 
dren (here shown only as number of wives, but see Borgerhoff Mulder 1987a). In 
fact, the Kipsigis case (an example of a highly pronatal community) is commonly 
cited as evidence that men are concerned with maximizing their fitness. Yet we can 
now see from the present work that materialist motivations may indeed be impli- 
cated, even where wealth-fertility correlations are strong, especially in competi- 

fig. 5.7). 
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tive environments. More generally, as Symons (1 987) cautioned, inferring evolved 
psychological mechanisms from correlational findings is fraught with complexity 
(see also Irons 1979). 

To the extent that materialist motivation is common in other pre-transition pop- 
ulations, it becomes less difficult to explain the demographic transition. Parents in 
post-transition societies are merely at one end of a continuum with respect to their 
need for investing material resources (andor time) into the competitive chances of 
offspring. Thus studies of pre-demographic transition societies can shed light on 
the underlying processes entailed in demographic change, a position demogra- 
phers increasingly appreciate (e.g., Wilson and Airey 1999). Indeed Kaplan and 
colleagues argue for a general (pre- and post-demographic transition) human psy- 
chology designed to maximize the sum of incomes of all descendants produced 
(Kaplan et al. 1995:131) and Kaplan (1996) points to how investment in human 
capital in competitive market economies might underlie fertility reductions. 

The present study provides empirical evidence for this position by showing that 
materialist motivations have been around for a long time (certainly since humans 
began accumulating resources to be transmitted to their offspring), even where 
tight correlations between wealth and reproductive success have made us think oth- 
erwise. How these motivations played out in historical societies, for example, how 
they differ between societies with different kinds of heritable capital (such as land 
and livestock based economies), nevertheless remains a major puzzle. We might 
hypothesize that the proximate cues that hunter-gatherer parents use to determine 
optimal levels of investment can account for fertility variations (e.g., Kaplan 1996), 
but we still need to understand how these proximal cues get translated into wealth 
conservation in land-limited, pastoral, and other kinds of societies. Only then can 
we grasp how such proximate mechanisms might generate the deviations from fer- 
tility-maximizing behavior that we see in post-transition societies. Anthropology 
is well placed to offer a window onto this diversity (e.g., Low 1994), in combina- 
tion with theory developed in economics and evolutionary biology. 

Finally, we take a brief look at why wealth and fertility become disassociated, 
the second enigma posed by demographic transition. Why would the wealthy ever 
produce fewer children than the poor? Here several studies are closing in on an 
explanation (Borgerhoff Mulder 199813). Raplan (1996) argues that what drives 
wealthy parents to have fewer children than poorer parents is the fact that the time, 
resources, or skills wealthy parents transmit to their offspring are intrinsically 
more valuable than those transmitted by parents of lesser means, in part because 
of the cumulative nature of learning. Under such circumstances the opportunity 
costs of producing an additional child among the rich are greater than they are 
among the poor, driving negative or curvilinear reIationships between parental 
wealth and fertility. Mace (this volume) models a similar nonlinear process, 
whereby different strata in society optimize fitness with different fertility-specif- 
ically, the wealthy do so with a lower fertility than the poor. Similarly Rogers, who 
was until recently unable to simulate an environment in which optimal fertility 
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decreases with wealth (Rogers 1995), now reports that in environments in which 
inheritance greatly boosts an individual’s ability to earn income (each dollar inher- 
ited generates on average 2 dollars of earned wealth) wealthy parents at equilib- 
rium produce fewer children than poorer parents (Alan Rogers, University of 
Utah, unpublished results). New Kipsigis evidence (unpublished data), showing 
that in recent cohorts men who inherit more capital (land and livestock) become 
wealthy at a faster rate than those who inherit less capital (because of increased 
market access in recent years), suggests that such potentially nonlinear responses 
to investing wealth in children are emerging among Kipsigis, and may precipitate 
fertility transition. Once low fertility arises among the richest families, it can 
spread to other social classes even if the appropriate conditions do not exist, by the 
processes of indirect bias posited in cultural evolution models (Boyd and Richer- 
son 1985). In short, a hybrid theory of demographic transition built on evolution- 
ary psychology, behavioral ecology, and cultural inheritance theory may be 
materializing (Borgerhoff Mulder 1998b). 

SUMMARY 

1. 

2. 

3. 

4. 

5 .  

6. 

The evolutionary rationale for the demographic transition remains elusive, 
since to date empirical analyses have failed to identify fitness benefits con- 
tingent on fertility reduction. 
We use dynamic state variable models to predict reproductive befiavior, 
specifically a man’s decision to take another wife. 
We build a model of the conditions for production and reproduction in a 
typical pre-demographic transition agropastoral society. While the param- 
eters are based on a specific group (Kenyan Kipsigis), the model is general 
enough to apply to many agricultural/pastoral communities. 
We assume that an individual’s lifetime fitness is a combination of accu- 
mulated wealth and total reproduction. Weighting these in different ways, 
we use simulations to determine the optimal marital decisions contingent 
on what combination of children or wealth per child is being maximized. 
A comparison of the simulation output with empirical data shows that a 
decision rule weighted toward “wealth maxirnization” (a combined func- 
tion of maximizing children and wealth per child) best predicts the marital 
careers of men. 
The concern for wealth accumulation among Kipsigis men is not surpris- 
ing given their capital-based economy, but the finding is notable for other 
reasons. First, it provides quantitative support for strong material motiva- 
tions in a society where wealth-fertility correlations are high. Second, ii 
demonstrates material motivations in a case commonly cited as providing 
evidence for reproductive motivation. 
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7. We propose this as a useful method in the study of worldwide fertility vari- 
ation and decline, insofar as it can identify motivational structures under- 
lying reproductive decision-making and can be used to test these structures 
against clearly stated alternatives. 
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APPENDIX 

CALCULATION OF COSTS AND BENEFITS OF 
ADDITIONAL MARRIAGES 

For years prior to the terminal payoff, we define F(w,c,k,L,t) as the maximum 
expected terminal payoff, given that W(t) = w, C(t) = c,  K(t) = k, and land is L. The 
expectation is calculated over the deterministic and stochastic changes in wealth 
that occur between t and T. The maximum expected value is determined by choos- 
ing the marriage profile to maximize the expected terminal payoff. 

We can describe the expected fitness and thereby predict the conditions under 
which a man will acquire a new wife. Imagine a man whose livestock currently 
has value w, who has c wives and k children. 

In a good year, which occurs with a probability 0.65, if the total value of food 
produced by the man and his wives exceeds their needs, and s of his children 
become sick with a major illness, livestock value next year will be 

w'(w,c,k,L,s) = w + (vfoo,j - v,~) + vgrZ - k cost, - (W6) Cost, - s  COS^, (10) 

On the other hand, if the value of food produced is less than the food requirements, 
the livestock value next year will be 

w'(w,c,k,L,s) = w + 1 .5(vfood- v,,~) + vgrZ - k Cost, - (W6) Coste - s C O S s  (1 1) 

In years in which there is a 50% crop failure, reasoning similar to that shown 
in equations 10 and 1 1  apply, except that the value of food produced and the value 
of grazing are reduced by 50%. Thus, the analogues of these equations are 

w"(w,c,k,L,s) = w + (.5vfood - v,~) + -5vgrr. - k cost, - (W6) Cost, - s COS$ (12) 

or 
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w”(w,c,k,L,s) = w + 1.5(.5~f,,,d- v,~) + .5vgrz- k Cost, - 
(ld6) Cost, - s Cost, (13) 

Finally, in years in which there is a complete crop failure, the value of livestock 

(14) 

Equations 10-14 are conditioned on the number of sick children. 
We can now compute the fitness value (Vno marry) of a man who chooses to not 

acquire a wife this year by averaging over the number of sick children and the 
chance of crop failure: 

next year will be 

w”‘(w,c,k,L,s) = w - 1 . 5 ~ ~ ~ ~  - k cost, - W6 Cost, - s Cost, 

Vnomarry(w,c,k,L,t) = E,{ .65F[w’(w,c,k,L,s), c,  k + .27c, L, t + 11 
+ .25F[w”(w,c,k,L,s), c, k + .27c, L, t + 11 
+ .lF[w.’”(w,c,k,L,s), c, k + .27c, L, t + l]} (15) 

In this equation, E, denotes the expectation over the number of sick children (bino- 
mial with parameters k and 0.1). 

Alternatively, a man who chooses to acquire a wife pays a cost (4.6 tKS, the 
mean bride-wealth for marriages in the sample), which is subtracted from his 
wealth. We assume that this occurs before crop failure is known and before it is 
known how many children will be sick in this year. Thus, the cost of the wife is sub- 
tracted from each term in equation 15, and the fitness value of marrying a wife is 

V,,(w,c,k,L,t) = E,{ .BSF[w’(w,c,k,L,s) - 4.6, C, k + . 2 7 ~ ,  L, t + 11 
+ .25F[w”(w,c,k,L,s) - 4.6, c, k + .27c, L, t + 11 
+ .lF[w”’(w,c,k,L,s) - 4.6, C, k + . 2 7 ~ ,  L, t + 11) (16) 

The optimal pattern of marriage is that which maximizes the expected payoff, 
hence 

Equation 17 is solved backward, starting at t = T - 1, and generates the expected 
payoff for every combination of time and states. It also generates the optimal 
behavior (to take a wife or not) for every time and state (Figure 16.5). When solv- 
ing it, we used linear interpolation on wealth and number of children to deal with 
non-integer values of the state variables (Mange1 and Clark 1988). 
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Effects of Illness and Injury on Foraging 
among the Yora and Shiwiar 

Pathology Risk as Adaptive Problem 

LAWRENCE S. S U G T Y W  and R I C W D  CHACON 

He who has experienced it knows how cruel a companion sorrow is to the man who 
has no beloved protectors. 

“The Wanderer” (Anglo Saxon poem) 

INTRODUCTION 

Current foraging models concerned with “risk analysis” focus on the ways in 
which the risk of temporal or spatial resource shortages (i.e., foraging risk) influ- 
ences human subsistence behavior (e.g., Cashdan, 1985; Kaplan and Hill 1985a; 
Hames 1990). The impact of pathology risk on adaptations affecting social behav- 
ior has received less attention (see, however, Baksh and Johnson 1990; Cashdan 
1990; Dettwyler 1991; Kaplan and Hill 1985a; Low 1988; Sugiyama 1996; 
Trinkaus 1983). Studies that do investigate pathology in foraging populations 
concentrate primarily on causes of mortality (e.g., Baksh and Johnson 1990; Hill 
and Hurtado 1996). Yet while both sublethal pathology and mortality risk exert 
selection pressure for adaptations designed to reduce the risk of their untimely 
occurrence, a focus on sublethal pathology draws our attention to the selection 
pressure on, and the design of, adaptations that ameliorate the negative effects of 
those pathologies that inevitably do occur. 

The obvious fitness benefits of avoiding pathological conditions lead one to 
expect adaptations motivating measured caution in the presence of cues reliably 
linked with dangerous stimuli over the course of hominid evolution, as well as 
adaptations dedicated to identifying such cues. A rich body of research supports 
this hypothesis, indicating the existence of a suite of mechanisms dedicated to the 
problems of injury and illness. Some examples are: cross-cultural human antipathy 
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toward potentially dangerous or noxious stimuli andor their cues (e.g., snakes, 
predators, vermin, heights, vomit, puss, feces, and secondary plant toxins [Marks 
1987; Profet 1992; Rozin and Fallon 1987; Rozin et al. 19861); pronounced fear of 
strangers during specific stages of childhood (Bowlby 1969); cognitive algorithms 
dedicated to reasoning about precautions and threats (Fiddick 1999; Rutherford et 
al. 1996); increased levels of polygynous mating associated with environments of 
increased pathogen risk (Low 1988); modifying the environment to reduce risk of 
snakebites (Baksh and Johnson 1990); and anxiety and depression, which have 
been analyzed as emotional adaptations designed to cope with both social and other 
sources of threat (Hagen 1999). AI1 of these are strong indicators that humans have 
adaptations designed to reduce pathology risk. Still other potential risk-aversion 
adaptations have yet to be fully investigated, such as aversion to animals exhibit- 
ing other cues of toxicity or threat (e.g., bright coloring, loud buzzing or hissing, 
pincers or barbs, direct eye contact, bared teeth). 

Obviously these mechanisms are not foolproof Pathology occurs with consid- 
erable frequency across extant, recent prehistoric and earlier Horno populations 
(e.g., Bailey 1991; Baksh and Johnson 1990; Berger andTrinkaus 1995; Chagnon 
1997; Hill and Hurtado 1996; Lambert 1993; Low 1988; Sugiyama, 1999; 
Trinkaus 1983; Truswell and Hansen 1976; Walker 1989). When it occurs, it poses 
a number of adaptive problems for its victim. Here we report the effects of physi- 
cal pathology on the foraging productivity of the Yora and Shiwiar of Eastern 
Arnazonia, explore the adaptive problems for human social relations posed by 
pathology risk, and outline how adaptations designed to elicit behavior to mitigate 
these problems may opsrate. 

STUDY POPULATIONS 

The Yora 

The Yora are a hunterhorticulturalist group of Panoan-speaking people who 
live in the Amazonian lowlands of southeastern Peru near the Mishagua and Manu 
rivers. The Yora remained relatively isolated until their first peaceful contacts with 
outsiders in 1984. Within two years, approximately half the population died from 
introduced diseases (Hill and Kaplan 1989). By the time of this study in the sum- 
mer of 1990 the popuIation was rebounding and none of the pathology reported 
herein can be attributed to postcontact epidemics (Sugiyama and Chacon 1993). 
At that time the Yora were living in three locations: 66 full-time residents lived in 
the study village of Putaya, 37 persons lived in Cashpajali (as of 19861, and a third 
group lived in the mission town of Sepahua. 

Methods The authors used three methods to obtain quantitative data on Yora 
consumption patterns and subsistence activities during a 59-day observation 
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period: scan sampling, focal person follows, and departureheturn records. During 
the study period the population of Putaya varied between 56 and 71 people. Two 
to six instantaneous scan samples were run on each of 29 days, yielding a total of 
100 scans and 6,448 individual behavioral observations (Sugiyama and Chacon 
1993; Walker et al. 1998). Data on time allocated to subsistence activities and the 
relative frequency with which different foods were observed being eaten-are based 
on these observations. Additional data were collected by recording the time that 
foragers left and returned to the village, the tools taken, and the type and weight 
of food acquired. The authors also accompanied the Yora on a number of foraging 
trips (focal person follows). These techniques were used to gather data on hunting 
and fishing returns for all village residents for 42 consecutive days. Foraging 
returns are based on this period. Significant illnesses and injuries and their effects 
on foraging were noted, as were minor injuries brought to the authors’ attention 
throughout their stay in the village. 

Yora Foraging Initial reports suggested that the Yora relied almost entirely on 
hunting and gathering for their livelihood (Hill and KapIan 1989). In 1990, how- 
ever, horticultural products were a major part of their diet (53% of observed con- 
sumption) and 50.9% of subsistence activities were devoted to horticulture. None 
of the Yora cultigens we observed are particularly rich sources of protein. The 
main garden staple was sweet rnanioc; both boiled manioc and manioc beer were 
part of almost every meal and together comprised 21.6% of observed consump- 
tion. Plantains were also an important food and accounted for 9.7% of the foods 
consumed. Other cultigens consumed were sugar cane, jicama, maize, and sweet 
potatoes (Sugiyama and Chacon 1993; Walker et al. 1998). 

Hunting and fishing provide the bulk of Yora dietary protein. Before contact, 
men hunted with bow and arrow, either stalking their prey or using hunting blinds. 
Since first contact, dogs have become prized hunting aids. Of the subsistence 
activity observed in Putaya, 14.3% was devoted to hunting, and game accounted 
for 16.5% of observed consumption. The primary prey in the Yora diet were col- 
lared peccary (Tayassu tajacu), paca (Agouti paca), capybara (Hydrochaeris 
hydrochaeris), coati (Nasua nasua), agouti (Dasyprocta sp.), various primates, 
tamandua (Tamandua tradactyla), and acouchy (Myoprocta sp. ). A small number 
of birds and squirrels (Sciurus sp.) were acquired as well. Large game was 
butchered at or near the kill site, and much of it packaged for distribution before 
returning to the village. Almost all the soft tissue of game animals was eaten, 
including the tough hide of peccary. 

A variety of fish were taken with bow and arrow, cast net, or hook and line, 
accounting for 22.6% of observed consumption. Among the commonly caught 
fish were zungaro, caracharna, sabado, bocachico, and freshwater stingray. The 
Yora also eat small quantities of turtle and lizard eggs. Although honey was not 
eaten during the study period, informants report that it is taken at other times of 
the year, along with seasonally available wild fruits and nuts. Papayas, chickens, 
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and lemons are recently introduced foods not eaten before contact (Sugiyama and 
Chacon 1993; Walker et al. 1998). 

Because meat is distributed throughout the village, it is usually consumed 
within a day of the kill, and storage of meat or fish is rare. Although distribution 
is not equal among households, secondary sharing of meat ensures that all house- 
holds receive a portion of medium and Iarge game, and even small game is shared 
widely between households. Fish from overnight fishing trips are also widely 
shared. 

The Shiwiar 

The Shiwiar are a Jivaroan people who live in the southern Oriente (tropical 
forest) of Ecuador and northeastern Peru. The Shiwiar, often considered a sub- 
group of the Achuar, number approximately 2,000 individuals occupying the Cor- 
rientes River drainage and its tributaries. Although the term Shiwiar also refers to 
a specific set of politically aligned villages in Ecuador, here we are using the 
broader culturalhistorical usage. Unnavigable rivers form a barrier to colonial 
incursion into Shiwiar territory from Ecuador. Border conflict with Peru has lim- 
ited contacts between Ecuadorian Shiwiar and colonists in the southeast since the 
1940s. Prior to the 1970s, when Shiwiar began accepting missionary contact, they 
lived in scattered households linked by marriage ties and the influence of power- 
ful individuals (Descola 1988). Since missionary contact, Shiwiar have made dirt 
airstrips around which houses now form loose clusters. Although missionary light 
aircraft provides some access to medical and other facilities outside Shiwiar terri- 
tory, subsistence is still based on foraging and horticulture. The data presented 
here were gathered in the community of Alto Corrientes (population 67) during 
separate field trips by the authors in 1993 and 1994. Additional information from 
this area was collected by Sugiyama in 1993 from the Achuar/Quichua village of 
Conambo (population 781), and from 1994-1995 in the Shiwiar village of Kur- 
intza (population 87). 

Methods Focal person follows and departureheturn records were used to 
record all returns from 133 hunts in Alto Corrientes over the course of 89 days dur- 
ing two field seasons. Injury and illnesses that occurred during one of these peri- 
ods were recorded, as were previous injuries and illnesses that could be 
documented based either on physical evidence or on the corroborated recollection 
of informants (Sugiyama 1999). 

Shiwiar Foraging Hunting and fishing provide the bulk of Shiwiar dietary 
protein (Descola 1988). Blowguns, muzzle-loading shotguns, and dogs are used in 
hunting. Animals such as agouti (Dasyprocta sp.) are also killed by hand when 
cornered in a log or burrow. The terrestrial game taken by Shiwiar is similar to that 
taken by Yora, the most important being collared peccary (Tuyassu tujacu), tapir 
(Tapirus terrestris), paca (Agouti paca), agouti (Dasyprocta sp.), acouchy 
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(Myoproctu sp.), deer (Muzarna americana), and armadillo (Dasypus sp.). 
Although Shiwiar use dogs to pursue animals such as collared peccary (Tuyassu 
tajucu), agouti (Dasyprocta sp.), and paca (Agouti paca), they hunt without dogs 
relatively more often than do the Yora (Sugiyama 1998). This, combined with a 
mixed strategy of blowgun and shotgun use, yields a greater percentage of pri- 
mates (primarily wooley, [Lagothrix Eagothricha], howler [AEouutta sp.] ,  and 
capuchin [Cebus, sp.] monkeys), birds, and small game (e.g., squirrels [Sciurus 
sp.]) in the Shiwiar than in the Yora diet (Sugiyama 1998). 

Fishing is done either with hooks and line or with fish poisons, baskets, spears, 
and by hand. In the rainy season the bulk of fish are taken by hooks and line. Dur- 
ing the transition to the dry season, emphasis on fishing gradually increases as the 
rivers become shallow and fishing with one of two cultivated poisons, tirniu (bar- 
basco) or mum, becomes increasingly efficient. These dry-season fish poisonings 
are often village-wide events and can produce a large surplus. Fish and meat not 
eaten on the day of capture are regularly preserved by smoking them over a fire 
(Descola 1988; Sugiyarna 1998). Average daily per capita protein consumption 
from fish is not included in the present analysis because complete records of fish- 
ing returns were impossible to gather. Nevertheless, game accounts for the major- 
ity of protein consumed during the rainy season (when foraging data presented 
here were collected). 

Descola (1988) notes that almost no meat was shared between Achuar house- 
holds during the 1970s. Even in current, more concentrated Shiwiar communities, 
smalIer game is usually not shared beyond the hunter’s household. Medium-size 
and larger game is shared, but even tapir, the largest game animal taken, is only 
shared amongst a subset of households in some villages. Several factors may limit 
meat sharing among the Shiwiar. Smoking meat over the fire provides a storage 
system that reduces day-to-day variance in its availability, thus reducing one ben- 
efit of sharing (Cashdan 1985). Similarly, strategic use of blowguns, hunting dogs, 
and shotguns means that unsuccessful hunting trips are relatively infrequent, fur- 
ther reducing the risk of temporary shortfalls and the benefit of foraging risk 
reduction via sharing (Kaplan and Hill 1985; Winterhalder 1990). While Shiwiar 
failed to acquire any game on only 27% of 133 hunts, Yora failed to acquire any 
game on 45% of 47 hunts (p < .013). Shiwiar do experience high absolute variance 
in hunting returns between trips-sometimes they return with nothing, other times 
with a squirrel, and still other times with a 115 kg tapir. Nevertheless, in compar- 
ison with the Yora, Shiwiar hunters experience relatively few days when they go 
hunting and return with no game whatsoever, and smolng the game can effec- 
tively preserve it for several weeks. 

PATHOLOGY RISK AMONG YORA AND SHIWIAR 

Yora and Shiwiar engage in many types of behavior found among hunter-gath- 
erers known ethnographically and archaeologically: they live in small kin-based 
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communities in which some foods are shared; they rely on hunting and fishing for 
most of their dietary fat and protein; they have little easy access to Western medi- 
cine; and they depend on relatively simple technology for their livelihood, In these 
and other ways their living conditions mirror important general features of the 
environments in which horninids evolved. The hazards of such a life are manifold 
and come from a variety of sources: 

. Lacerations, scrapes, and puncture wounds are common and pose the threat 
of disability due to serious infections (Baksh and Johnson 1990; Bailey 
1991; Sugiyama 1996, 1999). 
Fractures resulting from accidental falls or falling timber cause periods of 
foraging inactivity and can cause infection that may lead to the loss of limbs 
(Baksh and Johnson 1990; Chagnon, personal communication; Sugiyama 
1996). 
Injuries inflicted by prey are a hazard for hunters. Among the Ache, for 
example, coati are typically killed by hand and bites are common (Hill & 
Hurtado 1996). During our study period, one Yora man was bitten on the 
hand by a coati and another was bitten in the leg by apaca agouti. 
Venomous fauna are ubiquitous. Snake bites can cause tissue necrosis lead- 
ing to long-term disability, loss of limbs, and death (Baksh and Johnson 
1990; Chagnon 1997; Hill and Hurtado 1996; Sugiyama 1999). In a survey 
of injury and illness among the Shiwiar, 13 of 24 adults surveyed reported 
being bitten by a venomous snake at least once. One man reported six 
months of disability from a snakebite that became infected with gangrene; 
another man’s foot was permanently disfigured (Sugiyama 1999). Yora 
report that fresh-water stingrays may inflict injuries that prevent foraging 
for up to a week. The venom from scorpions, wasps, spiders, and caterpil- 
lars can also be disabling for shorter periods. Some insects lay their eggs 
beneath the skin, which, along with insect bites in general, carries the risk 
of serious and sometimes lethal infections (e.g. Chagnon 1997; Hill and 
Hurtado 1996; Sugiyama 1996, 1999). 
Yora report injuries and deaths at the hands of Machiguenga enemies. Shi- 
wiar are wounded in feuds by means of gunshot, lance, and booby traps; 
while fighting they sustain injuries ranging from minor contusions to bro- 
ken bones (Sugiyama 1999). In club fights, Yanomamo, Machiguenga, and 
Ache suffer split scalps, fractured skulls, and concussions (Baksh and John- 
son 1990; Chagnon 1979b; Hill and Hurtado 1996). Archaeological evi- 
dence shows that interpersonal violence was the source of sublethal trauma 
in prehistoric foraging societies as well (e.g., Lambert 1993; Walker 1989). 
A variety of pathogens and illnesses (e.g., giardia, amoebas, malaria, chick- 
enpox, stroke, tuberculosis, arthritis) can render individuals incapable of 
foraging for periods ranging from days to years (Sugiyama 1999). 
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Significant Injuries During the Study Period 

Two infections stemming from minor injuries had appreciable effects on for- 
aging during our Yora fieldwork. One man suffered a puncture wound on the 
medial aspect of his elbow that became infected some weeks prior to the study 
period. The infection spread throughout his arm and he did no hunting or fishing 
for the entire 59-day study period, although a year earlier he was one of the most 
active hunters in the village (Kim Fowler, Summer Institute of Linguistics, per- 
sonal communication, 1990). For the analysis below we used the conservative fig- 
ure of 36 days (the time between our arrival. and the man’s first attempt at garden 
work) to calculate foraging days he lost due to injury. However, it is clear that he 
refrained from foraging for a longer period. Without antibiotics provided by a vis- 
iting missionary he might have lost the arm or died, consequences not unknown in 
this and similar societies.’ 

Another man suEered a puncture wound at the base of his thumb that became 
infected eight days before we left the viIlage and prevented him from hunting for 
at least that length of time. We do not know for how much longer he was debili- 
tated by the infection. Undoubtedly, more cuts, puncture wounds, and insect bites 
occurred than were observed-injuries too common to have been brought to our 
attention that nevertheless carry significant risk of infection (Baksh and Johnson 
1990; Chagnon 1997; Hill and Hurtado 1996; Sugiyama 1999). 

Although this analysis concentrates on foraging activities-predominantly but 
not exclusively male activities among the Yora and Shiwiar-females are, obvi- 
ously, not immune to sickness and injury. For example, one Yora woman severed 
her Achilles tendon with a machete prior to the authors’ arrival. Although the 
wound healed, the tendon remained severed and she had a severe limp. She must 
have been incapacitated for an extended time after she injured herself. When a 
woman incurs a debilitating injury, someone must make up for her lost productiv- 
ity or family subsistence will suffer, particularly if she is disabled for a prolonged 
period. A child’s illness may also adversely impact family subsistence. During a 
whooping cough epidemic among the Shiwiar witnessed by Sugiyama, one 
woman had to provide constant care for her infant and could do no gardening or 
foraging for over three weeks. Her husband took over the gardening and the care 
of their other children during this period, which he claimed prevented him from 
going hunting.2 

Costs of Injury to Yora Foraging 

Repeated periods of injury or illness can have adverse consequences for 
growth, life-span, cognitive function, and fertility. Periods of poor maternal health 
may also have negative effects on unborn or nursing offspring (e.g., Allen 1984; 
Buzina et al. 1989; Wing and Brown 1980). Such cumulative effects are difficult 
to assess given the data at hand. Below we consider only the relatively short-term 
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problem of pathology effects on subsistence from foraging. Because long-term 
negative effects are associated with periods of physical pathology, however, we 
expect selection to have favored traits that not only enhance ability to survive such 
periods, but to do so with as little long-term fitness cost as possible. 

Within a wide range of values, lowered nutritional intake-particularly of 
dietary protein and/or fat-entails definite fitness costs. Nutritional decrements 
have been associated with stunted growth; increased morbidity and mortality; 
shorter reproductive lifespan; delay of menarche and onset of puberty; fewer off- 
spring; a lower proportion of live births; lower infant survival and body weight; 
and increased juvenile mortality in a variety of primates (including humans) and 
other mammals (e.g., AlIen 1984; Altmann 1991; Frisch and McArthur 1974; 
Green et al. 1986; Hill and Hurtado 1996; Kohrs et al. 1976; Manocha and Long 
1977; Prentice et al. 1987; Riley et al. 1993; Schwartz et al. 1988). Although we 
use here the United States Recommended Dietary Allowance (USRDA) of protein 
as a convenient benchmark for comparison, it should not be taken as an absolute 
criterion above or below which nutritional variance is insignificant. 

An estimate of the cost of injuries in terms of lost foraging returns was calcu- 
lated in the following manner. The number of days in the observation period that 
each independent hunter was present and not injured was divided by the number 
of times he went hunting. The mean of the resulting values for all independent 
hunters yielded the average period between hunts for these individuals. The num- 
ber of days potentially lost to foraging include only those periods for which the 
duration of an injury or illness was longer than the average period between hunts, 
or for which a foraging trip was aborted due to injury. This figure was divided by 
the average period between hunts to arrive at an estimate of foraging days lost to 
injury. This estimate was multiplied by the average returns per hunt in the village 
(i.e., totaI returns in the village divided by total number of hunts observed during 
the study period) to get an estimate of lost hunting returns. The same calculations 
were then made for fishing. Visits between villages caused village size to vary 
throughout the study period; these fluctuations were taken into account and visi- 
tors were included as both foragers and consumers for the analy~is .~ One man for- 
aged infrequently and complained repeatedly of pain that limited his movement, 
but because the cause of the discomfort and its effect upon foraging could not be 
definitively established, we did not count the time he did not forage as pathology- 
related. He was however, included among active  hunter^.^ Young men who fished 
independently and consistently but did not hunt independently or consistently 
were calculated in fishing but not in hunting data. 

Men who hunted independentIy were dearly prevented from foraging due to 
injuries on at least 47 man-days, which represents approximately 10.6% of all 
man-days observed for independent hunters. On average, individual hunters 
hunted once every 5.27 days with average returns of 7.65 kg per hunt. The aver- 
age time between hunts for individual hunters ranged between 2.6 and 7 days. On 
average, those central to fishing productivity went fishing once every 4.85 days 
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with average returns of 3.35 kg per trip. An estimated total of 8.92 hunts and 9.69 
fishing trips were foregone due to pathologies that we can confidently determine, 
but again this is a conservative estimate. 

Figure 17.1 presents average per capita Yora protein consumption from meat 
and fishm5 The horizontal axis indicates the USRDA of protein for people of the 
Yora’s stature (45g). Bar 1 presents observed average per capita protein consump- 
tion during the study period. Even though injuries interfered with some foraging, 
protein consumption during this time remained above the USRDA (48.14 g). Bar 

Figure 17.1. Yora daily per capita protein comsumption from game and fish. 
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2 presents estimated per capita protein consumption had there been no injuries 
during the study period (58.55 g) to give an idea of the cost of observed injuries- 
that is, an estimate of what returns would have been had no hunters been injured 
and were there no change in average rate of foraging. Thus, we estimate an 18% 
reduction in average per capita protein consumption due to pathologies based on 
the assumption that observed injuries affected a statisticaIIy average hunter. 

However, hunting frequency and returns vary across hunters. Kaplan and Hill 
(1985a) suggest that members of Ache foraging bands might extend greater than 
average solicitude to the best hunters (and their dependents) when they are injured 
because group members are loath to lose this important source of meat. If injury 
prevented the best Yora hunter from foraging, average time between successful 
hunts in the village would go from an estimated .77 days to 2.8 days. More impor- 
tantly, without the best hunter, estimated average per capita protein consumption 
would drop 37%, from 58.55 g to 36.77 g (Bar 3) -that is, from well above to 
below the USRDA of protein for people of this weight and stature. Other group 
members certainly do benefit from the best hunter’s subsistence contributions and 
will suffer nutritional declines if he is injured. 

If injured, the best hunter and his dependents will also suffer these declines. 
One way to buffer this risk may be to maintain a sufficient number of sharing part- 
ners to provide aid during times of disability. Analysis shows that, indeed, protein 
intake diminishes a further 7% if the village has even one less hunter of average 
abilities (and his dependents) while the best hunter is injured (Bar 4, 32.71 g).6 

One could ask whether the pattern of pathology effects on subsistence 
described above is an idiosyncratic feature of a short period of time in Yora history 
or is widespread among similar societies. A study of the Shiwiar documenting sig- 
nificant lifetime injuries and illnesses suggests the latter conclusion: minor 
injuries are ubiquitous and significant injury and illness are not uncommon within 
this population (Sugiyama, 1999). Reports of similar injury and disability among 
other groups further support this hypothesis (e.g., Baily 1991; Baksh and Johnson 
1990; Hill and Hurtado 1996; Truswell and Hansen 1976). In the following sec- 
tion, we examine Shiwiar foraging data to see whether effects of pathology on Shi- 
wiar subsistence exhibit a pattern similar to that found among the Yora. 

Costs of Injury to Shiwiar Hunting 

Figure 17.2 (Bar 2) presents data on Shiwiar average daily per capita protein 
intake from game from two periods (42 and 47 days, respectively) in which hunt- 
ing returns were recorded for contiguous days. We then asked the hypothetical 
question, What would happen if the Shiwiar experienced the same number of 
injuries experienced by the Yora over a similar period of Calculations and 
estimates were conducted in the same manner as with Yora data. 

Figure 17.2 indicates that when all hunters are active, returns from game alone 
are well over minimum requirements for a population of this stature (Bar 2,56 9). 
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Figure 17.2. Shiwiar daily per capita protein consumption from game. 

Injuries to a hunter of average ability wouId reduce estimated protein consump- 
tion from meat alone by 18%, to just over USRDA minimum requirements (Bar 1, 
46 9). If the best hunter were to be injured, however, hunting returns would drop 
32%, to below minimum requirements (Bar 3, 38 g). And if a hunter of average 
ability were to leave the group (talung his family with him) while the best hunter 
were injured, there would be a further nutritional decrement of 4% (Bar 4,36 9). 
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For at least one other Amazonian group, then, a similar pattern obtains to that 
found among the Yora.8 As one might expect in a group with less foraging risk, 
more food storage, less food sharing, and a tradition of scattered settlement, the 
effect of losing a village member appears to be slightly less detrimental for the 
Shiwiar than for the Yora. 

THE ADAPTIVE PROBLEM POSED BY PATHOLOGY RISK 

For a given individual, disability due to pathology may last much longer than 
periods of “bad luck” in foraging. Among the Yora, one hunter did not hunt for 
eight weeks, mare than a month of which was unarnbiguousIy due to injury. Baksh 
and Johnson (1990) estimate that up to 10% of male Machiguenga lose from one 
to four weeks each year due to cuts from c a m  brava (a plant resembling bamboo 
with thorns at the joints) alone. Compared with day-to-day variance in hunting 
success, the effects of pathology on foraging returns can be quite large. Kaplan et 
al. (1990) estimate that without food sharing a foraging Ache family (in which 
67% of calories consumed are from game) would faiI to acquire 50% of their nec- 
essary caIones three weeks in a row due to bad luck only once in 17 years. In the 
absence of injury, illness, or natural disaster (e.g., catastrophic climatic fluctua- 
tions), then, five weeks of unsuccessful hunting will be rare and 3-6 months of 
unsuccessful hunting (as seen in the Shiwiar cases of snakebite) will be virtually 
unknown. Further, unlike seasonal variation and some types of spatial variation in 
resources, illness and injury are, for a given individual and within a wide range of 
parameters, temporally unpredictable. More importantly, unlike those who are 
experiencing a temporary slump in foraging returns, those who are severely ill or 
injured are physically unable to defend themselves and their interests. 

One of the critical adaptive problems pathology risk presents, then, is the insur- 
ance of an adequate suurce of support and protection should disability occur. Two 
complementary explanations have been advanced to explain the evolution of 
“altruism”-that is, adaptations motivating individuals to provide fitness benefits to 
others at a fitness cost to themselves: lun selection and reciprocal altruism. A con- 
sideration of these explanations highlights the problems that adaptations designed 
to buffer pathology risk must effectively solve. 

Kin Selection 

Kin selection theory posits that adaptations designed to provide fitness benefits 
to others at a cost to their bearers could evolve when the cost to the “altruist” is 
less than the benefit to the recipient discounted by the probability that they share 
genes in common (Hamilton 1964). In ancestral populations, however, such fac- 
tors as migration, high mortality rates, abduction of females, and residence pat- 
terns associated with mating would have led to situations in which some 
individuals lived among people to whom (in comparison to the average degree of 
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relatedness between the other group members) they were only distantly related 
(e.g., Chagnon 1975, 1979a, 1979b). Over the course of human evolution this cir- 
cumstance would have been a recurrent problem for some individuals. A trait that, 
on average, buffers pathology risk for individuals who lack close, coresident con- 
sanguineal h n  should therefore spread relative to one that buffers pathology only 
for those who do not lack such kin. 

Further complicating matters, the probability that aid to an injured relative will 
yield inclusive fitness benefits to their provider is increasingly diminished in rela- 
tion to the likelihood that the injured individual will not recover. This, in turn, 
increases the relative potential gain from investing in others instead of the injured 
party. As death of the injured individual becomes increasingly certain, withdrawal 
and reallocation of aid may become the prudent choice for the potential benefac- 
tor, as both evolutionary logic and ethnographic evidence bear out (e.g., Freuchen 
1961; Hill and Hurtado 1996; Tooby and Cosmides 1996). 

Reciprocal altruism 

Reciprocal altruism theory posits that traits designed to provide benefits to oth- 
ers at a fitness cost to their bearers can evolve when there is sufficient probability 
that compensatory benefits will be recieved (Trivers 197 1). Trivers (197 1) sug- 
gests that the potential benefit from extending aid increases as the need of the 
recipient increases, because expected compensation for providing the aid will be 
higher. Herein lies the problem posed by pathology risk: as the need of the injured 
party increases past critical levels, the probability that the disabled person will Iive 
to provide compensatory benefits to the altruist diminishes, and with it the poten- 
tial benefit of extending aid to him or her. 

Further, the ability to recognize and punish cheaters (i.e., exchange partners 
who do not reciprocate) or exclude them from future exchanges is a necessary fea- 
ture for the evolution of adaptations arising via the pathway of reciprocal altruism 
(Axelrod and Hamilton 1981; Cosmides and Tooby 1992; Trivers 1971). Yet dis- 
abled individuals lack the physical formidability necessary to compel past 
exchange partners to reciprocate, and detection of cheaters at the time of injury is 
of no value to the injured party if he or she dies. Moreover, individuals who are 
sensitive to current probable payoffs have incentive to renege on exchange com- 
mitments to a disabled exchange partner when they are most in need: there is no 
profit to be gained by investing in someone who cannot reciprocate now and is 
unlikely to be able to do so in the future (Tooby and Cosrnides 1996). Withhold- 
ing aid further decreases the likelihood that the injured party will recover, making 
him or her an even worse investment. Although an individual who refused to rec- 
ompense his disabled exchange partner might face negative repercussions should 
the injured party recover (i.e., reprisals, loss of reputation, loss of other exchange 
partners), what constitutes adequate aid in these circumstance can not be well 
specified: an individual could simply proffer nominal aid-sufficient to damper 



384 Lawrence S. Sugiyama and Richard Chacon 

possible future reprisals but insufficient to sustain the disabled party until he or she 
recovers. Adaptations arising from reciprocal altruism, particularly the subset 
based on contingent social exchange, therefore appear to be problematic solutions 
to the problem of pathology risk. In a world where only the logic of kin selection 
and reciprocal altruism operate, there comes a point at which abandonment of a 
sick or injured individual becomes the adaptive choice for potential benefactors. 
Traits motivating individuals to behave in a way that shifts this critical decision 
point, causing potential benefactors to provide aid at relatively greater levels of- 
pathology, should be selected for as long as such aid effectively resulted in sur- 
vival in a critical proportion of cases. 

Pathology risk thus poses three major adaptive problems in the human social 
arena: (1) how to subvert the short-term cost-benefit psychology of potential aid 
sources such that they are more rather than less likely to invest, even though, all 
else equal, the current probable payoff of doing so is low relative to other poten- 
tial uses of the investment; (2) how to stimulate this investment at a time when one 
lacks the ability to defend one’s own interests; and (3) how to do so in a way that 
circumvents the temporally unpredictable nature of pathological events. 

Despite these obstacles, individuals do receive care adequate to survive 
extended periods of disabling pathology, a phenomenon that arose at least by the 
time of Hamo Neandertulensis (Trinkaus 1983; Dettwyfer 1991).9 We suggest that 
a suite of adaptations evolved to solve these problems. 

The Best Hunter Solves the Pathology Risk Problem 

Our data suggest that when an average Yora or Shiwiar hunter suffers signifi- 
cant injury, a buffer exists such that, although there is a notable nutritional 
decline, protein consumption remains adequate. If the best Yora hunter is injured, 
however, nutritional declines are dramatic and a high-quality source of nutrition 
is jeopardized. This effect is similar but less pronounced among the Shiwiar. If 
the best hunter becomes temporarily disabled and group size is low, then the best 
hunter and his family (as well as other band members with whom he shares meat) 
will suffer additional nutritional decrement. During such times, the best hunter 
may benefit from living amongst larger groups of people even though sharing 
with them may be costly during times when he and his fellow foragers are healthy 
(see, e.g, Blurton Jones 1984, 1987; Hawkes 1990, 1991; Kaplan and Hill 1985a, 
1985b). If the requisite aid can be dispersed amongst a larger group, then the per 
capita cost of providing the aid is also reduced. Because periods of incapacitation 
due to disability regularly last much longer than slumps in foraging due to day- 
to-day variation in returns, estimations of optimal group size or sharing networks 
based on the latter may well underestimate the degree of risk that must be 
buffered by these groups, thereby resulting in observations of larger group sizes 
than predicted by these models (for a review of other such factors see Sugiyama 
1996). 
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These findings suggest that the risk of relatively infrequent periods of long- 
lasting disability and debilitation is likely to have constituted a selection pressure 
affecting individual decision-making psychology about the desired size of social 
groups and social networks. Specifically, pathology risk may select for adaptations 
motivating their bearers to live in social groups both large enough and motivated 
enough to provide aid effectively in times of need. The apparent link between 
depression and lack of sufficient social support seen in modern contexts may be a 
manifestation of one part of this psychological complex (Hagen 1995). The criti- 
cal question remains unanswered, however: How are potential sources of aid 
motivated to become reEiable sources of aid when one suffers severe physical 
pathology? 

As noted above, Kaplan and Hi11 (1985a) have suggested that among the Ache, 
good hunters may receive preferential treatment when they are sick or injured 
because other band members benefit from maintaining access to the meat these 
hunters provide. Because pathology risk is temporally unpredictable, for good 
hunters to garner this solicitude they would have to provide meat to others consis- 
tently, or risk becoming incapacitated at a time when interest in their continued 
presence in the band has waned. Indeed, good hunters may not only share game 
with more individuals than would otherwise be optimal, but may consistently pro- 
vide more meat to others than they receive in return (e.g., Blurton Jones 1984,1987; 
Hawkes 1990; Kaplan and Hill 1985a, 1985b, 1990; Sugiyama 1996). If lack of aid 
could spell death to the injured party (as seen among other primates) and increased 
morbidity and mortality risk for any dependents (Chagnon 1997; Hill and Hurtado 
I996), and if widespread meat sharing buffers this risk, then adaptations designed 
to produce consistent widespread sharing may be, within wide parameters, largely 
impervious to the day-to-day costs of doing so, even if they never yield these ben- 
efits during the lifetime of any given individual providing them. 

Consistent asymmetric provisioning of meat also provides a strong cue to 
recipients that, should the hunter become ill or injured, the flow of such benefits 
will resume if and when he recovers. In other words, because the benefits provided 
are uncoupled from the psychological framework of social exchange by being 
made available in the absence of associated cues that reciprocity is expected or 
desired, then others may treat receipt of the benefits as a consistent byproduct of 
living with the good hunter, for which they pay no direct costs. Those who acquire 
such benefits should therefore be highly motivated to retain access to them. 

For the hypothesized system to work, not only must the absolute value of the 
best hunter’s contributions be sufficiently high that the loss of these benefits con- 
stitutes a significant fitness cost to the recipients, but the cost of acquiring the same 
benefits elsewhere must also be sufficiently high. As Tooby and Cosmides (1996) 
point out, one feature of an optimal circumstance is reached when there are no 
readily available alternative sources for replacing the benefits-that is, when they 
are irreplaceable. When this is the case, the fitness of the group members receiv- 
ing the benefits is inextricably tied to the ability of the provider to deliver them, 
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and they should therefore be willing to pay high short-term costs to retain access 
to the source of these benefits. Just how a system that bypasses the pathways of 
kin selection and reciprocal altruism could evolve has been discussed in detail by 
Tooby and Cosmides (1996). With regard to the data at hand, however, it is suffi- 
cient to note that among the Yora, injury to the best hunters does have a compara- 
tively large adverse subsistence impact. To replace the benefits provided by the 
best hunter would entail large time and energy costs associated with resettlement, 
intervillage politics, or increased foraging by other band members. Among the 
Shiwiar, the relative benefits provided by the best hunter appear to be fewer, and 
the apparent costs of losing the best hunter may be further buffered by returns from 
fishing, particularly in the dry season. In this case aid to injured individuals may 
be provided by fewer individuals, or predicated upon an individual’s conferral of 
other important benefits to others (see below). 

An apparent problem with the preceding analysis is that it leaves open a com- 
mon goods problem: even though individual social group members may have an 
intense interest in retaining access to a highly productive hunter, if one individual 
is willing to pay the costs necessary to effect recovery, then others might profitably 
refrain from doing so. If all use this reasoning, then no one will provide aid and 
the injured person will die. While this may be one reason why extended aid to 
injured conspecifics is rare in the animal world, we think humans solve the prob- 
lem in the following way. When consistent asymmetric provisioning yields bene- 
fits that are difficult to replace, the individual providing them increases others’ 
interest in his or her continued ability to provide these benefits above what they 
would otherwise be (due, for example, to lun selection). Depending on their own 
abilities, social networks, and degree of relatedness to the hunter, some of the best 
hunter’s potential benefactors will benefit more by his provisioning than others, 
and will have more to lose if he dies. Because individuals with the most interest in 
the best hunter’s survival are not themselves injured, they can apply pressure to 
others to provide aid, thereby shifting the cost-benefit balance of others for doing 
so. As Tooby and Cosmides (1988) illustrate in an analysis of enforcement prob- 
lems inherent in the evolution of coalitional aggression, if backed by sufficient 
credible threat, those who stand to gain most may even get others to incur all the 
costs of collective action, as well as any costs of enforcement. Humans appear to 
have cognitive adaptations specifically designed to reason about threats and can 
compute second-order effects of behavior such as triangular awareness (Brown 
1991; Rutherford et al. 1996). All else equal, differential targeting of benefits to 
those most able to influence the behavior of others may be expected. 

Irreplaceable Benefits and Social Niche Differentiation 

Although this discussion arises from a consideration of the effects of pathology 
on hunters and their contributions to others’ fitness, the same adaptive logic should 
hold for individuals who consistently provide other costly-to-replace benefits to 
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their social group. While there may not be as many positions of status in egalitar- 
ian bands as there are people to fill them, there certainly are other social roles 
besides being a good hunter that provide difficult-to-replace benefits, and we 
therefore expect a proliferation of social niche differentiation as circumstances 
allow. These roles are not fixed but, rather, dependent on opportunity and circum- 
stance. In fact, when differences between the hunting returns of the best and other 
hunters are low, when returns from foraging uniformly exceed needs by large mar- 
gins, when game is shared because it has begun to have diminishing marginal 
returns for the hunter and his family-i.e., when sharing appears to be due to “tol- 
erated theft” (Blurton Jones 1984)-or when food storage techniques allow indi- 
viduals to survive long periods of disability without subsistence aid, then being a 
more successful hunter may not provide irreplaceable benefits or yield higher- 
than-average solicitude (although subsets of the social group may be highly 
dependent on a given hunter and therefore motivated to aid him). 

Clearly, then, an adaptation specifying that each individua1 attempt to become 
the best hunter in his or her group will not solve the pathology risk problem. The 
solution is dependent upon the evolution of a number of adaptations, including 
mechanisms that (1) evaluate the abilities of their bearers, (2) identify the impor- 
tant needs of others (or have knowledge of recurrent needs), (3) compare their 
bearers’ ability to provide those needs with the abilities of others, (4) identify the 
needs that their bearers are most qualified to provide and are not well provided by 
others, and then (5) cultivate abilities in this area such that they confer needed ben- 
efits in a manner that (6) convincingly signals to others that provision of the ben- 
efit is a consistent product of living with their provider, Such a system requires the 
evolution of complementary adaptations designed to recognize important benefits, 
identify individuals who consistently provide these benefits at no apparent cost to 
the recipient, and motivate behavior that preserves access to these benefits (for 
example, by extending aid to individuals who provide uniquely valuable bene- 
fits-see Tooby and Cosmides 1996 for psychological mechanisms that appear to 
operate in this fashion). 

Further, because the functional payoff for a behavioral pathway expected to con- 
fer unique benefits may never be needed, or may be needed only rarely, there exists 
a degree of uncertainty that a given niche will indeed provide the benefits, to oth- 
ers and eventually to self, that it is ultimately designed to deliver. For solution, this 
problem requires a complementary, contingent set of mechanisms: one activated in 
the specialist condition, designed to assess an interim system of reliable cues con- 
firming that a given behavioral path is indeed providing uniquely valuable benefits, 
and another activated in the beneficiary condition, designed to provide such signals 
to uniquely valuable individuals. l0 One signal of the degree to which an individual 
fills a beneficial social niche for which we might find anthropological evidence is 
the prestige accorded to the individual who fills it, or the esteem in which he or she 
is held. Significantly, in a cross-cultural analysis of two social niches that convey 
special benefits to others (oratory skill and specialized craft production), prestige 
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does indeed appear to be associated with unique ability (Sugiyama and Scalise, 
Sugiyama 1997). 

Shiwiar society provides a case in point, exhibiting both the cultivation of 
social niche differentiation and the benefits that derive from it. For example,juunt 
(elders or, literally, big men), are the central figures around which settlement, pol- 
itics, and warfare are organized. Their qualities of leadership, bravery, and strate- 
gic decision-making make them important individuals throughout society, 
particularly to men allied with them (Descola 1988; Hendricks 1993; Patton, this 
volume). Another important role in Shiwiar society is that of the shaman. The most 
powerful shamans are also juunt, and while feared and hated by their enemies, 
they are respected and essential parts of their alliance groups and they spend long 
years in training and practice to attain this role. Notably, a critical benefit they pro- 
vide is directly related to pathology risk: the curing of sick and injured people. 
When they cannot or will not fulfil1 this role, their value is nullified and interest in 
their continued well-being largely evaporates (Sugiyama, unpublished recordings 
of a Shiwiar political meeting). When they are successful and aid their social allies 
without hesitation, their lives and interests are well guarded. For instance, a locally 
powerful shaman in an alliance of seven Shiwiar villages promised, at what is con- 
sidered a potentially life-threatening cost to himself, to focus his activities on cur- 
ing and to forego retaliatory attacks against other shamans (which were 
interpreted as having unintended negative repercussions for some members of the 
alliance). He has since been provided an armed escort to protect him from ambush 
whenever he leaves the vicinity of his village. As of 1998 this security service had 
been in effect for three years. Conversely, another local shaman who was less gen- 
erous with his services felt compelled to leave his village of residence in haste 
when it was made clear that he would receive no support if raiders came to lull 
him. 

Other Shiwiar men are well known for the exceptional quality of the blowguns 
they make, and they derive trade and positive social connections from this spe- 
cialized skill. Since accepting contact with missionaries, the roles of local health 
promoter and preacher have been cultivated by individuals with certain skills. 
Finally, some people are valuable not for any particular skill but, rather, because 
they are recognized as being particularly likely to aid their fellows during com- 
munal work parties, to share what game they have, or to support their fellows in 
conflicts (Sugiyama 1996). One might think of this service as something akin to 
the loyal deputy-not skilled in a particular craft, but eminently dependable and 
willing to contribute to the interests of others in their social group. 

If an individual’s success at filling a uniquely valuable role is contingent on 
there being no one else to readily fill it, attempts by more than one individual to 
cultivate an occupied niche may be expected to provoke resentment, resistance, 
even conflict (Tooby and Cosmides 1996). The behavior observed in the study 
populations suggests that this is indeed the case. Shamans, for example, wage spir- 
itual warfare against each other in battles for status that are a chronic feature of 
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Jivaroan life. Such competition is not limited to the role of shaman, however. In 
the AchuadQuichua village of Conambo, for example, intense social tension 
developed when an opportunity to train as the village heafth promoter arose. Two 
people had the requisite skills to take the course, and conflict arose over who 
should be selected. The fact that one person was Quichua and the other Achuar 
made matters worse because village residents saw the issue in terms of their own 
vested interests, which broke down largeIy along ethnic lines: the Quichua thought 
an Achuar promoter would bias distribution of aid toward the Achuar, while the 
Achuar thought a Quichua promoter would bias the distribution of benefits toward 
the Quichua. 

Conclusions 

Whatever the faults of the foregoing analysis, we believe we have identified an 
important intersection of subsistence and social phenomena: (I) group sizes may 
be larger than what foraging theory predicts; (2) the best hunters often hunt far 
more than it “pays” in any of the short-term “currencies” that have previously been 
examined; (3) debilitating illness and injury are a ubiquitous feature of life among 
hunting peoples, including the populations studied; (4) subsistence costs of injury 
and illness, and the fitness costs they entail, are substantial; (5) when the contri- 
bution of the best hunter is subtracted from the net take of the groups studied (as 
it would be whenever he is injured), per capita protein intake drops below the min- 
imum USRDA; and (6) when group size includes one less hunter and his depen- 
dents, protein intake drops further. The injury data presented here suggest that 
temporary disability has been a sufficiently frequent and formidable problem to 
cause the selection of psychological adaptations dedicated to its solution, and that 
a suite of these adaptations will be dedicated to solving the problems for social 
relations that pathology risk entails. The universal striving among people of all 
ranks to acquire a distinct, acknowledged, and irreplaceable social role may have 
its roots in the continuous risk that illness and injury posed throughout the lives of 
our foraging ancestors. Among the Yora, excellence at hunting coupled with con- 
sistent widespread sharing of game coincide with the pattern of behavior expected 
to buffer that risk. 

SUMMARY 

1. Bath severe or repeated pathology and lower protein and fat intake are asso- 
ciated with a variety of indicators of lowered fitness. Potentially severe patholo- 
gies are ubiquitous in extant, recent prehistoric, and early Humoforaging 
populations. The nutritional costs of pathologies observed for the Yora and esti- 
mated for the Shiwiar are substantial, 
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2. Pathology risk formed a substantial adaptive problem. One part of this prob- 
lem was how to ensure high levels of aid in times of disability. Traits that moti- 
vated their bearers to behave in ways that solved this problem are expected to have 
conferred significant fitness benefits upon their bearers. However, as the probabil- 
ity that a sick or injured person will die increases, so too does the probability that 
any investment in him or her will be lost, malang that individual an increasingly 
bad investment for potential benefactors. 

3. This problem may be solved to the extent that individuals provide honest sig- 
nals that (1) increase the perceived probability that by providing aid potential 
benefactors will reap future fitness benefits; (2) increase the expected probable 
size of those future fitness benefits well in excess of any costs of providing 
extended aid; and (3) reduce the expected cost that each potential benefactor must 
incur to reap those benefits. 

4. Debilitating pathology occurs in a temporally unpredictable manner. Behav- 
ior generated by adaptations designed to elicit aid during periods of disability 
must therefore be engaged in consistently, even when disability aid is not currently 
needed. 

5. Recipients of valuable benefits should be interested in retaining access to 
them, particularly when they cannot be obtained from another source. An individ- 
ual can thus increase the aid he/she garners when Winjured by consistently pro- 
viding valuable and costly-to-replace benefits to others when able to do so. 

6 .  Behavior of the best hunters among the study groups appears consistent with 
the criteria for solving the pathology risk problem outlined above: 

(a) The fitness benefits provided to others by the best hunters in the study pop- 
ulations, particularly among the Yora, are large and by their very magni- 
tude difficuh to replace. 

(b) Consistent asymmetric provisioning by the best hunters provides a power- 
ful cue or “honest signal” to recipients that provisioning will continue if 
and when the provider recovers. 

(c) If the groups studied were to have one less hunter and his family while the 
best hunter was injured, per capita protein intake would further decline. 
Living in larger groups than might be otherwise desirable reduces the per 
capita cost of providing adequate aid to a disabled group member. 

Conversely this suggests that increased sources of aid when injured may be one 
benefit that good hunters reap from living and sharing with more people than 
otherwise optimal, 

7. There are other social niches that deliver difficult-to-replace benefits to oth- 
ers besides being an exceptional hunter and sharing meat widely. We therefore 
expect a proliferation of social niche differentiation where circumstances allow, 
with prestige or esteem being accorded those who fill such roles, and conflict or 
tension arising when two or more individuals attempt to fill the same niche. Ethno- 
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graphic evidence from the Shiwiar and cross-cultural data on status, oratory skill 
and craft specialization is consistent with these predictions. 
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NOTES 

1. For example, in 1991 the authors met a Yanomamo man in the small village of 
Mokarita-teri whose arm rotted off after a tree fell on him and crushed it. 

2. The predominant pattern of sexual division of labor in foraging societies (i.e., 
women providing the bulk of gathered vegetable foods while men provide the majority of 
game) may mean that over the course of human evolution there were, on average, differ- 
ences in how many people were needed to replace the nutrients lost when a man instead of 
a woman was injured; the necessary age of those individuals; the relative time it took them 
to replace those nutrients and was therefore lost to other pursuits; and so on. Selection pres- 
sure from pathology risk may therefore have had slightly different effects upon male and 
female psychology, or may on average lead to different behavioral outcomes. Further 
research is needed to investigate these possibilities. 

The number of consumer days over the study period was calculated by counting 
children 1 1 years old and under as half-consumers, and those over 11 as full consumers. 

This makes our estimates of pathology effects on foraging more conservative. 
Protein composition of fish and game was estimated based on the average amount 

of protein per kg of meat for similar species derived from food composition tables for South 
America (WHO 1968). 

3. 

4. 
5. 
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6. This assumes that the hunter has no sons in their late teens who would leave with 
him. Young men of this age may contribute substantially to protein intake by fishing. If 
young men of this age left with their father, average daily protein consumption of those left 
in the village would further decline. 

7. Another way of conceptualizing this thought experiment is to frame it thusly: What 
was the likely effect of a known injury (for instance a snakebite that became infected with 
gangrene) on foraging activity and returns within the village during the time of the injury? 

Although Shiwiar protein consumption was higher than reported here because 
returns from fishing could not be included, within the range of protein consumption observed 
in this and related Achuar groups, increases in intake from high-quality protein sources are 
expected to be of dietary benefit (Descola 1988; Kim Hill, personal communication). 

Such care does not, however, appear to feature largely in the social life of non- 
human primates, suggesting that they lack the opportunity to provide such aid, the cogni- 
tive adaptations necessary to solve the problems outlined above, or the requisite 
preadaptations needed for those adaptations to evolve. 

8. 

9. 

10. 
1 1. 

Tooby and Cosmides (1996) discuss the nature of “friendship” in this context. 
Another example comes from Chagnon’s (1975) discussion of Yanomamo village 

fissioning. The largest Yanomamo patrilineages are able to maintain cohesion necessary to 
keep together the largest villages. Tellingly, the exception to this occurs when two men 
from the largest lineage both have the requisite abilities to be the headman, whereupon 
cohesion cannot be maintained and the vilIage is likeIy to fission (Chagnon 1975). 

REFERENCES 

Altmann, S. A. 1991. Diets of yearling female primates predict lifetime fitness. Proceed- 
ings of the National Academy of Science USA 88:420-423. 

Axelrod, R. T. and W. D. Hamilton. 1981. The evolution of cooperation. Science, 
211:1390-1394. 

Bailey, R. C. 1991. The Behavioral Ecology of Efe Pygmy Men in the Ituri Forest, Zaire. 
Ann Arbor: Museum of Anthropology, University of Michigan. 

Baksh, M., and A. Johnson. 1990. Insurance policies among the Machiguenga: An ethno- 
graphic analysis of risk management in a non-western society. In Risk and Uncertainty 
in Tribal and Peasant Economies, E. Cashdan, ed. Pp. 193-228. Boulder: Westview. 

Berger, T. D. and Trinkaus, E. 1995. Patterns of trauma among the Neanderthals. Journal 
of Archaeological Science 225341452. 

Blurton Jones, N. 1984. A selfish origin for human food sharing: Tolerated theft. Ethology 
and Sociobiology 5 :  1-3. 

Blurton Jones, N. 1987. Tolerated theft, suggestions about the ecology and evolution of 
sharing, hoarding and scrounging. Social Science information 26: 3 1-54. 

Bowlby, J. 1969. Attachment: Attachment and Loss, vol. 1. New York: Basic Books. 
Brown, D. E. 1991. Human UniversaEs. New York: McGraw-Hill. 
Buzina, R., C .  J. Bates, J. van der Beek, G. Brubacher, R. K, Chandra, L. Hallberg, J. Hes- 

eker, W. Mertz, K. Pietrzik, E. Pollitt, A. Pradilla, K. Subticanec, H. H. Sandstead, W. 
Schalch, G. B. Spurr, and J. Westenhofer. 1989. Workshop on functional significance 
of mild-to-moderate malnutrition. American Journal of Clinical Nutrition 50: 172-76. 

Cashdan, E. 1985. Coping with risk: Reciprocity among the Basarwa of Northern 
Botswana. Man 20:454-474. 

Cashdan, E., ed. 1990. Risk and Uncertainty in Tribal and Peasant Economies. Boulder: 
Westview Press. 



Pathology Risk and Foraging 393 

Chagnon, N. A. 1975. Genealogy, Solidarity and Relatedness: Limits to local group size 
and patterns of fissioning in an expanding population. Yearbook of Physical Anthro- 

Chagnon, N. A. 1979a. Mate competition, favoring close kin, and village fissioning among 
the Yanomamo Indians. In Evolutionary Biology and Human Social Behavior: An 
Anthropological Perspective, N. A. Chagnon and W. Irons, eds. Pp. 86-131. North 
Scituate, Massachusetts: Duxbury Press. 

Chagnon, N. A. 1979b. Kin Selection and Conflict: An Analysis of aYanomamo Ax Fight. 
In Evolutionary Biology and Human Social Behavior: An Anthropological Perspec- 
tive, N. A. Chagnon and W. Irons, eds. Pp. 522-526. North Scituate, Massachusetts: 
Duxbury Press. 

pology 19195-1 10. 

Chagnon, N. A. 1997. Yanomamii, fifth ed. Fort Worth: Harcourt Brace. 
Cosmides, L. and J. Tooby. 1992. Cognitive Adaptations for Social Exchange. In The 

Adapted Mind: Evolutionary Psychology and the Generation of Culture, J. Barkow, L. 
Cosmides and J. Tooby, eds. Pp. 161-228. New York: Oxford University 

Descola, P. 1988. La Selva Culta: Simbolismo y Praxis en la Ecologia de 1osAchual; 1 a ed. 
@to, Ecuador: Ediciones Abya-Yala. 

Dettwyler, K. 199 1. Can paleopathology provide evidence €or compassion. American JOLLT- 
nal of Physical Anthropology 84:375-384. 

Fiddick, L. 1999. The deal and the danger: An evolutionary analysis of deontic reasoning. 
Ph.D. dissertation, Ann Arbor, University of Michigan. 

Freuchen, P. 1961. Book ofthe Eskimos. Greenwich, CT: Fawcet. 
Frisch, R. E. and McArthur, J. W. 1974. Menstrual cycles: Fatness as a determinant of min- 

imum weight necessary for their maintenance and onset. Science 185:949-95 1. 
Green, B. B., J. S. Weiss, J. R. Daling. 1986. Risk for ovulatory infertility in relation to body 

weight. Fertility and Sterility 50:72 1-726. 
Hagen, E. H. 1995. Delusional and somatoform disorders as possible examples of intraspe- 

cific Batesian mimicry in humans. Paper presented at the Human Behavior and Evo- 
lution Conference, June, 1995, Santa Barbara, California. 

Hagen, E. H. 1999. The functions of postparturn depression. Evolution and Human Behav- 

Hames, R. B. 1990. Sharing among the Yanomamo: Part I, The effects of risk. In Risk and 
Uncertainty in Tribal and Peasant Econornies, E. Cashdan, ed. Pp. 89-106. Boulder: 
Westview Press. 

Hamilton, W, D. 1964. The genetical evolution of social behavior. Parts 1 and 2. JournaE 
of Theoretical Biology 7: 1-52. 

Hawkes, K, 1990. Why do men hunt? Benefits for risky choices. In Risk and Uncertainty 
in Tribal and Peasant Economies, E. Cashdan, ed. Pp. 145-166. BouIder: Westview 
Press. 

Hawkes, K. 1991. Showing off-Tests of an hypothesis about men’s foraging goals. EthoE- 
ogy and Sociobiology 12:29-54. 

Hendricks, J. W. 1993. To Drink of Death: The Narrative of a Shuar Warrior. Tucson: Uni- 
versity of Arizona Press. 

Hill, K., and A. M. Hurtado. 1996. Ache Life History: The Ecology and Demography of a 
Foraging People. New York: Aldine de Gruyter. 

Hill, K., and H. Kaplan. 1989. Population and dry-season subsistence strategies of the 
recently contacted Yora of Peru. National Geographic Research 5:3 17-334. 

Kaplan, H., and K. Hill. 1985a. Food sharing among Ache foragers: Tests of explanatory 
hypotheses. Current Anthropology 26:223-245. 

Kaplan, H., and K. Hill 1985b. Hunting ability and reproductive success among male Ache 
foragers. Current Anthropology 26:131-133. 

i ~ r  20:325-259. 



394 Lawrence S .  Sugiyama and Richard Chacon 

Kaplan, H., K. Hill, and A. M. Hurtado 1990. Risk, foraging and food sharing among the 
Ache. In Risk and Uncertainty in Tribal and Peasant Economies, E. Cashdan, ed. 
Pp. 107-144. Boulder: Westview Press. 

Kohrs, M. B., A. E. Harper, and G. R. Kerr. 1976. Effects of a low-protein diet during preg- 
nancy of the rhesus monkey: 1. Reproductive efficiency. American Journal of Clinical 
Nutrition 29: 136-145. 

Lambert, P. 1993. Health in prehistoric populations of the Santa Barbara Channel Islands. 
American Antiquity 58(3):504-522. 

Low, B. (1988). Pathogen stress and polygyny in humans. In Human Reproductive Behav- 
ior: A Darwinian Perspective, L. Betzig, M. Borgerhoff MuIder and P. Turke, eds. Pp. 
1 15-12 1 .Cambridge: Cambridge University Press. 

Manocha, S. L., and J .  Long. 1977. Experimental protein malnutrition during gestation and 
breeding performance of squirrel monkeys. Primates 1 8:923-930. 

Marks, I. 1987. Fears, Phobias, and Rittlals: Panic, AnxieQ, and their Disorders. New 
York: Oxford University Press. 

Patton, J. Q. 2000. Reciprocal altruism and warfare: A case from the Ecuadorian Amazon. 
In Adaptation and Human Behavior: An Anthropological Perspective. L. Cronk, N. 
Chagnon and W. Irons, eds. New York: Aldine de Gruyter. 

Prentice, A. M., T. J. Cole, E A. Faord, W. H. Lamb, and R. G .  Whitehead. 1987. Increased 
birthweight after prenatal dietary supplementation of rural African women. American 
Journal of Clinical Nutrition 46(6):9 12-925. 

Profet, M. 1992. Pregnancy sickness as adaptation: A deterrent to maternal ingestion of ter- 
atogens. In The Adapted Mind: Evolutionaq Psychology and the Generation of Cul- 
ture, J. Barkow, E. Cosmides and J. Tooby, eds. Pp. 327-366. New York: Oxford 
University 

Riley, A. P., J. L. Samuelson, and S .  L. Huffman 1993. The relationship of age at menarche 
and fertility in undernourished adolescents. In BiomedzcaE and Demographic Deter- 
minants of Reproduction, R, H. Gray, H. Leridon, and A. Spira, eds. Pp. 50-64. 
Oxford: Clmendon. 

Rozin, P., and A. Fallon. 1987. A perspective on disgust. PsychoEogical Review 94:23-41. 
Rozin, P. L. Millman, and C. Nemeroff. 1986. Operation of the laws of sympathetic magic 

in disgust and other domains. Journal of Personality & Social Psychology 

Rutherford, M. D., J. Tooby and L. C. Cosmides. 1996. Adaptive sex differences in rea- 
soning about threat. Paper presented at the Human Behavior and Evolution Society, 
June, Evanston, IL. 

Schwartz, S. M., M. E. Wilson, M. L. Walker, and D. C. Collins. 1988. Dietary influences 
on growth and sexual maturation in prernenarcheal rhesus monkeys. Hormones and 
Behavior 22:23 1-25 1. 

Sugiyama, L. S. 1999. Patterns of pathology among the Shiwiar of Ecuadorian Amazonia. 
Informal presentation at risk preference roundtable, Risk Research Initiative, Eco- 
nomics Preferences Group, MacArthur Foundation. University of Utah, Salt Lake 
City. 

Sugiyama, L. S. 1998, Evolutionary Ecology of Native Amazonians. Paper presented at the 
Institute for Latin American Studies, Post-graduate lecture series on “Biological Stud- 
ies in Latin America,” University of Austria, Vienna. 

Sugiyama, L. S. 1996. In search of the adapted mind: A study of human cognitive adapta- 
tions among the Shiwiar of Ecuador and the Yoru of Peru. Ph.D. dissertation. Ann 
Arbor: UMI. 

Sugiyama, L. S. and R. Chacon. 1993. Yora dry season hunting, fishing, and horticultural 
activities. Paper presented at the Annual Meetings of the American Anthropological 
Association, November, San Francisco. 

501703-7 12. 



Pathology Risk and Foraging 395 

Sugiyama, L. S. and M. Scalise Sugiyama. 1997. Cultural Production as a Risk Buffering 
Strategy. Paper presented at the Annual Meetings of the Human Behavior and Evolu- 
tion Society, June, Tuscon. 

Tooby, J. and E. Cosmides 1996. Friendship and the banker’s paradox: Other pathways to 
the evolution of adaptations for altruism. Proceedings of the British Academy, 

Tooby, J. and L. Cosmides 1988. Tooby, J., and Cosmides, L. The evolution of war and its 
cognitive foundations. Institute for Evolutionary Studies Technical Report #88- 1, 

Trivers, R. L. 1971. The evolution of reciprocal altruism. Quarterly Review of Biology 

Trinkaus, E. 1983. The Shanidar Neandertals. New York: Academic Press. 
Truswell, A. S. and J. D. L. Hansen. 1976. Medical Research among the !Kung. In Kula- 

hari Hunter-Gatherers: Studies of the !Kung Sun and Their Neighbors, R. B. Lee and 
I. DeVore, eds. Cambridge: Harvard University. 

Walker, P. L., 1989. Cranial injuries as evidence of violence in prehistoric Southern Cali- 
fornia. American Journal of Physical Anthropology 80:3 13-323. 

Walker, P. L., L. S .  Sugiyama, and R. Chacon. 1998. Diet, Dental Health, and Cultural 
Change among Recently Contacted South American Indian Hunter-Horticulturalists. 
In Human Dental Development, Morphology and Pathology: Essays in Honor of 
Albert Dahlberg. John Lukacs and B. E. Hemphill, eds. University of Oregon Anthro- 
pological Papers. 

Winterhalder, B. 1990. Open field, common pot: Harvest variability and risk avoidance in 
agricultural and foraging societies. In Risk and Uncertainty in Tribal and Peasant 
Economies, E. Cashdan, ed. Pp. 67-87. Boulder: Westview Press. 

88: 119-143. 

46: 3 5-57. 



This page intentionally left blank 



18 
Reciprocal Altruism in Yanornarno 

Food Exchange 

Simple foraging and horticultural societies, commonly known as bands and tribes 
(Service 1962), are typically characterized as being economically egalitarian. 
How economic egalitarianism is defined varies. In relation to food sharing, the 
focus of this chapter, economic egalitarianism may mean “all individuals of the 
same age and sex cohort have equal access to life sustaining resources” (Speth 
1990:3). This formulation suggests that food consumption within a group will be 
equalized according to age and sex status, and differential productive capacities 
and needs as consumption varies between households or individuals will be com- 
pensated through the exchange system. Related to egalitarian exchange is 
Sahlins’s well-known concept of generalized reciprocity, which “refers to trans- 
actions that are putatively altruistic, transactions on the line of assistance given, 
and, if possible, and necessary, assistance returned” (Sahlins 1965: 193-194). 
These transactions tend to occur among close kin or among those who live in close 
residential proximity. The flow of food in such cases is “in favor of the have 
not”(Sah1ins 1990: 194). Again, we find that relative need and productive ability 
determine who gives and who gets. In his widely cited distinction between imme- 
diate- and delayed-return egalitarian societies, Woodburn notes that sharing, espe- 
cially of large game, serves as a leveling mechanism to enforce an equality of 
consumption. In fact, he views egalitarian sharing as a kind of graduated tax sys- 
tem where the most successful are chronically required to give more than those 
who are less successful (Woodburn 1982:441-442). Aspelin (1979; and see 
below), in an admirably detailed analysis of food exchange among the Marnainde, 
shows that the amount of food given to a household is directly proportional to 
household need as indexed by household size. Egalitarian exchange therefore 
means that food is distributed among households in direct proportion to a house- 
hold’s need and a household’s ability to give (Dowling 1968:503), which may be 
simply indexed by the number of producers or consumers and, especially, the 
house hold’s consumer- to-producer ratio. 

A theoretical alternative to egalitarian exchange is the theory of reciprocal altru- 
ism (Trivers 1971), which suggests that food exchanges are strategic in nature and 
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are designed to enhance the fitness of the individual engaged in exchange. In con- 
trast to egalitarian models, resource needs or requirements of potential recipients 
of food resources are not relevant to exchange considerations. Instead recipients are 
chosen based on their likelihood and ability to reciprocate in the future. Two pre- 
dictions derivable from reciprocal altruism theory can be tested with Yanomamo 
data. The first is that the scope of exchange should be inversely correlated with vil- 
lage size. As village size increases there should be an increasing number of fami- 
lies who do not share with one another. Theoretical justification for this prediction 
stems from the work of Boyd and Richerson (1988). Secondly, there should be a 
positive correlation between giving and receiving. By this I mean that a family that 
gives to another family should, in return, receive food from that family. In effect, 
exchange should be balanced through some degree of reciprocation. 

Studies of food exchanges inspired by evolutionary theory show that food 
exchanges itre not balanced. Research in hierarchical societies (Betzig 1988; Bird 
and Bird 1997) clearly shows that high-status households receive disproportion- 
ately more and give disproportionately less in food exchanges. In an egalitarian 
context, Kaplan and Hill’s (Raplan et al. 1984) research on the foraging Ache show 
that while inequalities in giving and receiving persist at the economic level, they 
are compensated for or balanced at the level of sexual access and reproduction. 

With few exceptions (e.g., Aspelin 1979; Betzig 1988; Bird and Bird 1997; 
Hames 1990,1996) most of the detailed empirical or quantitative accounts of food 
sharing focus on egalitarian foragers (Cashdan 1985; Henry 195 1 ; Kaplan and Hill 
1985; Marshal1 1961). These studies have shown that food sharing within small 
bands is intense, widespread, and frequently does not appear to enhance the nutri- 
tional status of the person who acquired the resource or his or her immediate 
household. Other studies (Burch 1992; Damas 1975; Endicott 1992; Gould 1982) 
indicate that egalitarian sharing may be highly restricted. For example, Burch 
notes, “This raises the possibility that many, if not most, accounts of generalized 
sharing among hunter-gatherers have been based on studies of the internal dynam- 
ics of single local-household villages. To the extent that this is so, the accounts are 
not wrong, they simply tell only part of the story” (1992:109). This observation 
suggests that our characterizations of sharing depend on the size of the group or 
whether one is documenting sharing within families comprising Iarge extended- 
household units. 

The goal of this chapter is to contrast predictions made by what I will call the 
generalized sharing model of food exchange with a model based on reciprocal 
altruism. In doing so I will examine the rules of village sjze, exchange balance, 
and household demography as determinants of exchange patterns among the 
Yanomamo, an egalitarian horticultural people of the Venezuelan Amazon. I will 
endeavor to demonstrate that reciprocal altruism provides a perspective superior 
to that of generalized sharing to account for food exchange patterns among the 
Yanomam6. 
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METHODS 

The method used to gather data on Yanomamo food exchanges follows a mod- 
ified time-allocation technique first employed by Kaplan and Hill (1984) in their 
studies of Ache exchange. In the course of a time allocation study, whenever I 
observed someone eating I noted what was being eaten and asked who produced 
the food and who gave it to them. Information on household membership of food 
consumer and food giver was added later. These observations led to the creation 
of a series of matrices to quantify the flow of resources between households in a 
village. A facsimile of one of these matrices is presented in Figure 18.1. It should 
be read in the following way: household B gave food six times to household A; 
household B received food four times from household A, and household B gave 
food 44 times to itself. This technique diEers from measurements of food 
exchange where weighed inflows and outflows of foods are sampled (see, e.g., 
Hames 1990). Four matrices of three villages (one village was studied in two dif- 
ferent years) are the basis for most of the analyses that follow. Total food exchange 
observations for each village are as follows: Bisaasi-teri (1986), 217; Bisaasi-ten 
(1987), 741; Rakoiwa, 254; and Krihisiwa? 232. General ethnographic character- 

Received 

Figure 18.1. 
holds. 

Facsimile of data table used to derive patterns of exchange between house- 
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istics of these villages and more detailed information on methods have been 
described elsewhere (Hames 1996). 

ENTITIES IN EXCHANGE 

General evolutionary models of reciprocal exchange focus on transactions 
between individuals. Nevertheless, attempts by anthropologists to evaluate these 
models in the context of food exchange among humans have tended to look at 
exchange between individuals who acquire resources and the families to which 
they gave food (Kaplan and Hill 1985; Hames 1990) or exchange between fami- 
lies (Hames 1996). This perspective is taken because humans live in househoIds 
which, in part, are designed to pool resources acquired by members. As such, food 
flows not so much between individuals as between households. In a behavioral 
sense it is difficult for one individual to give another something fur his or her sole 
consumption. For example, if an individual gives a raceme of plantains (approxi- 
mately 20-30 kg of food) to another, the recipient carries it back to his or her place 
of residence, where all household members have access to the resource. Unlike 
many animals, the receiver does not consume it on the spot or run to a hiding place 
to consume it out of sight of family members. Characteristics of this sort of 
exchange are easily visible when one observes the distribution o€ medium-sized 
and large game animals in a Yanornamii village. The distributor calls out to indi- 
vidual households to fetch butchered andor cooked meat, whereupon a boy or girl 
runs across the plaza, takes the meat from the distributor, and returns home with it. 
As I have noted elsewhere in the context of garden labor exchange (Hames 1987) 
this is a targeting problem: givers, in most cases, cannot easily give to individuals. 

It should also be understood that the giver of a resource cannot easily or uni- 
laterally decide which household or households will be the recipient(s). This is 
because other household members have the ability to influence which households 
receive food from their household, These constraints on individual choice in giv- 
ing derive from a number of sources. Garden food, for example, is the result of 
joint labor by husband and wife. Therefore, they both have the ability to influence 
how garden products are distributed. In many other cases it is the consequence of 
competing interests in ensuring that family needs are met or that kin, affines, or 
social allies receive due consideration in distributions of resources collected by 
family members. As a consequence, in this paper exchange is analyzed in terms of 
food flows between families. 

Households in this analysis are defined as collections of individuals who share 
a garden or set of gardens, a common hearth or set of hearths, collaborate exten- 
sively in food production, and are residentially distinct from other households. 
Households typically correspond to a variety of famiiy forms such as extended 
(stern form) and nuclear polygynous and monogamous families. In some cases 
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households are in transition which typically involves the dissolution of an 
extended family when, for example, a son-in-law completes his bride service. 

THE FUNCTION OF EXCHANGE 

Before making predictions about patterns in food exchange (i.e., who gets what 
and how much), we need to understand the function of exchange or what adaptive 
problem or problems it is designed to overcome, For the Yanomamo, what 
exchange is designed to accomplish is not completely clear. Based on previous 
research (Hames 1990), much exchange appears to be a strategy for risk reduction 
to insure low variance in food intake. On a day-to-day basis, the amount of food a 
household produces is not a simple function of the amount of effort or time its 
members puts into work. Unpredictable game encounters or localized thunder- 
storms that fell trees plantains laden with fruit can leave a household destitute for 
varying lengths of time. Sharing prevents such unhealthy periods of low food 
availability by directing flows of food from households who have a temporary 
excess of food to households who have a temporary deficit. Food storage, an alter- 
native adaptation to the problem of risk, is extremely costly in the tropics, So too 
is a focus on less risky resources (Hames 1990) which would lower food-getting 
efficiency. Risk pervades foraging and gardening pursuits in different ways. 

In terms of risk, hunting is the most variable of all subsistence pursuits. Com- 
pared to other food-getting activities, the possibility of complete failure is high 
and success can range from a 1 kg monkey to a 150 kg tapir, Widespread distribu- 
tions of game appear to be one means of reducing variance in consumption of 
high-quality protein that is typically lacking in garden crops, which constitute 
more than 70% of the Yanomamo diet. There is a tendency to assume that garden- 
ing is a reIiable food-getting activity. Indeed, to insure a continuous and reliable 
supply of plantains the Yanornamo stagger their planting. However, plantains are 
sensitive to a variety of environmental perturbations that make the production of a 
steady supply difficult to achieve. Since plantains cannot be stored for long peri- 
ods of time, households are confronted with chronic problems of surplus and 
scarcity. 

INTENSITY, SCOPE, AND BALANCE OF EXCHANGE 

The vocabulary we use to describe patterns of food exchange in anthropology 
is poorly developed largely because quantitative accounts of the actual flow of 
food resources in a community are still in their infancy. In this section I will intro- 
duce several concepts to describe food exchange: intensity, scope, and balance. 
Intensity is a measure of what fraction of a household’s food comes from other 
households. It directly measures the degree to which a household’s consumption 
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is a consequence of food resources from other households. In a sense, it is a meas- 
ure of subsidy. The scope of exchange is a measure of the number of households 
from which a household receives food resuurces in a village, This concept is illus- 
trated in Figure 18.2, which shows linkages (arrows) in exchange between house- 
holds (solid circles) in a village. Exemplifying a narrow scope of exchange are 
three groups of households who intensively exchange food, but only among them- 
selves. In contrast, a wide scope of exchange (shown in the right-hand side of the 
figure) indicates that each household has exchange relationships with nearly every 
other household in the village. In this example, there are no restricted exchange 
circles, and sharing is nearly coterminous with the entire village. 

There is no obvious relationship between the intensity and scope of exchange 
among the Yanomam6. Although exchange is intensive among the Yanomamd, it 
tends to be limited to a small fraction of households in the village. Figure 18.3 
shows the intensity of exchange in four Yanomama villages for the four basic food 
resources. For example, nearly 39% o€ all. the garden food consumed by a house- 
hold was produced by other households in the village. Overall 40% of all food 
resuurces a household consumes was given to them by other households. Despite 
this relatively high degree of dependency on other households, the scope of 
exchange, measured by the number of households that actually engage in 
exchange, varies. This pattern is revealed in Figure 18.4, which shows that the 
number of household exchange partners in the four villages ranges from two to 
six. For example, on average, households in the village of Krihisiwa received or 
gave food to about four other households. Of course, the scope depends on the 

Figure 18.2. A graphical conceptualization of wide and narrow scopes of exchange in a 
Yanomamo village. The scope of exchange is considered wide if each family exchanges 
with many families; and scope is narrow if a family exchanges with few families. 
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Figure 18.3. The intensity of exchange in fourYanomam6 villages. Each bar measures the 
percentage of total food consumed by an average household (for each food type) that was 
given to them by other households in the village. 

Figure 18.4. 
villages. 

Mean number of exchange partners for each household in four Yanomamo 
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Table 18.1. Percent of Households Participating in 
Exchange Dyads 

Villages 
Households in 

exchange dyads 

Bisaasi-teri 1986 
Bisaasi-teri I987 
Krihisiwa 
Rakoiwa 

13% 
35 9% 
34% 
80% 

number of households in a village. Accordingly, the households involved in food 
exchange range from 13% of available households to 80% (Table 18.1). 

A final way in which to view exchange is through the concept of balance. There 
are two ways in which it can be calculated: general and specific. General balance 
is the amount received from in relation to the amount given to a household in com- 
parison with all other households. It allows one to determine which households are 
net givers or receivers of food resources.’ Specific balance refers to exchanges 
between individual households and enables one to determine whether there is a 
relationship between how much a household gave to and received from specific 
households in the village. Balance is quantified by a correlational analysis 
employing a matrix identical to the one portrayed in Figure 18.1. General balance 
is calculated by summing the row values (less giving to oneself) and correlating 
that figure with the sum of the column values (less receiving from oneself). Spe- 
cific balance is calculated by comparing how much A gave to B and B gave to A, 
A gave to C and C gave to A, etc., fur all household dyads in the village. 

EXCHANGE AND HOUSEHOLD DEMOGRAPHY 

As described above, there is a generalized belief that sharing in tribal societies 
is egalitarian. Although what amounts to an egalitarian pattern of sharing is not 
sharply defined, the general consensus is that all households tend to receive shares 
of food when distributions are made, and the amount received is proportional to 
the number of consumers in the household. For example, Aspelin’s quantitative 
account (1979) provides clear evidence that among the Brazilian MarnaindE the 
amount of food a household received during distributions was proportional to its 
size (as measured by the number of normalized consumers). Conversely, large 
households should give more food than smaller households given their greater 
productive capacity. Reciprocal altruism makes no prediction regarding the rela- 
tionship between household size and amount of food given or received.2 

In a previous publication (Hames 1996) I provided quantitative evidence that 
household type was a determinant of an exchange pattern: polygynous households 
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received proportionately more food from other village households than monoga- 
mous households. By this T mean that of the total food consumed by a polygynous 
household a greater proportion came from suurces outside the household. Now I 
would like to consider the role of household demographic factors to determine if 
a generalized egalitarian pattern holds for the Yanomamo. If an egalitarian princi- 
ple were at work, one would predict that household size and certain attributes 
thereof, such as number of producers, number of consumers, and consumer-to- 
producer ratios, should correlate with the amount of food given and received. 
Specifically, the number of consumers in a household should positively correlate 
with demand or the amount received; the number of producers should determine 
the amount given (ability to give); and the consumer-to-producer ratio should cor- 
relate positively with the amount of food received and negatively with the amount 
given. The reasoning is as follows. Households with a larger number of producers 
should be able to produce more and therefore have more to give to others, and 
households with a large number of consumers should have greater needs and 
therefore receive more than households with few consumers. Finally, the ratio of 
consumers to producers provides the best single measure of relative ability to give 
and need to receive. As the number of consumers relative to producers rises, indi- 
viduals must work relatively harder to meet household demand. If there were an 
egalitarian principle designed to equalize work or insure adequate household con- 
sumption, then there should be a positive correlation between the amount of food 
received and the consumer-to-producer ratio. At the same time, consumer-to- 
producer ratios should negatively correlate with the amount of food given since 
households with few consumers relative to producers can give more easily. These 
predictions are a reflection of the old Marxian adage: from each according to his 
ability to work and to each according to his need. 

Table 18.2 shows some support for the relationship between household size and 
total amount of food received: three of the four villages show a significant posi- 
tive correlation between food received and household size. In addition, the village 
that does not show a statistically significant relationship fails to do so by the nar- 
rowest of margins. However, there is no correlation between household size and 

Tuble 18.2. Receiving and Giving as a Function of Household Size in Four Yanomarno 
Villages 

- 

Receiving Giving 

SigniJicance Significance 
Village Pearson’s r (one-tailed) Pearson’s r (one-tailed) 

Rakoiwa 0.73 0.05 0.35 0.25 
Krihisiwa 0.57 0.03 0.17 0.30 
Bisaasi-teri 1987 0.58 0.02 0.28 0.16 
Bisaasi-teri 1986 0.44 0.06 0.30 0.12 
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amount of food given. No data are presented on the relationship between number 
of consumers and giving and receiving and number of producers and giving and 
receiving because these factors correlate strongly with family size (Pearson’s r- in 
the range of 0.85 and 0.95 for all villages). However, see below for an analysis of 
consumer to producer ratios. 

TabIe 18.2 can be interpreted to indicate that household size is correlated with 
the absolute amount of food received by a household. However, it does not mean 
that large households receive relatively more food resources than small house- 
holds. To gain a relative measure of the relationship between household size and 
food received, one can divide the amount of food received by the number of times 
a household was observed eating. This normalized measure of consumption of 
food received from other households represents the percent of time individuals in 
a household were observed to eat food that was not produced by a household 
member. This measure is identical to that of household dependency or subsidy I 
made in a previous study linking food exchange and marriage form (Harnes 1997). 
In none of the four villages is there a correlation between household size and per- 
cent of total food intake supplied by other households. These two results suggest 
that large households receive absolutely more food than small households but the 
amount they receive is not relatively greater. 

Consideration of consumers and producers is common in economic anthropol- 
ogy as a consequence of long-term interest in Chayanovian analyses of house- 
holds (e.g., Durrenberger 1984). Normally, estimates of full or fractional 
producers are nut based on time allocation studies. Here the number of producers 
was based on Yanomamo time allocation statistics (Harnes 1994). For Yanomamo 
men and women, labor time peaks between thirty and forty years of age and 
declines slightly thereafter. These individuals were counted as 1 producer each; all 
others were counted as a fraction of 1, depending on how closely they approxi- 
mated the standard adult. To calculate consumers in a household, I used a similar 
procedure but relied on Kaplan’s data on food consumption for all age and sex 
groups for the Machiguenga (Kaplan, in press), a people living in the Peruvian 
Amazon with an economic system very similar to that of the Yanomamo. 

The results of these analyses (presented in Table 18.3) show no consistent rela- 
tionship between amount of food received or given and consumer-to-producer 
ratio. In fact, one of the two statistically significant correlations (Bisaasi-ten 1986 
“gave”) is in the opposite direction of that predicted. If some sort of egalitarian 
principle were at work we would expect to see a positive correlation between con- 
sumer-to-producer ratios and amount of food received and a negative correlation 
between consumer-to-producer ratios and amount of food given. 

VILLAGE SIZE AND SCOPE OF EXCHANGE 

If the function of exchange were to reduce variance then one would not need 
to have more exchange partners than necessary to reduce variance in consumption 
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Table 18.3. Correlation (Pearson’s r) between Consurner- 
to-Producer Ratios and Amount of Food Received and 
Given in Four Yanomamo ViIlages 

Village Received Gave 

Bisaasi-teri I986 0. I07 0.637* 
Bisaasi-teri 1987 0.587* 0.065 
Krihisiwa 0.236 -0.498 
Rakoiwa -0.563 0.204 

*CorreIation is significant at the 0.05 level (one-tailed) 

to an acceptable level. In this regard, Winterhalder (1 986; see also Winterhalder et 
al., this volume, for a more detailed analysis) has shown that exchange networks 
for hunters require no more than five or six households (assuming one hunter per 
household) to reduce hunting variance (the most risky of subsistence activities) to 
an acceptable level. This means that while additions to the sharing pool would fur- 
ther reduce variance in consumption the impact is minimal beyond five or six 
hunters. Although Winterhalder’s model was designed to predict the size of groups 
whose rationale for grouping is to reduce variation in consumption, it is reason- 
able to hypothesize that the scope of exchange is partially a negative function of 
village size. 

Reciprocal altruism theory predicts that chronic exchange should occur 
between individuals who have reason to believe that exchanges will occur indefi- 
nitely into the future and who have a means to insure that partners will not defect. 
Boyd and Richerson (1988) have shown that as sharing cliques or coalitions 
become larger, it becomes more difficult to deal with defectors. As a consequence, 
sharing among the Yanomamo should be restricted among a small circle of reli- 
able reciprocators. Models of egalitarian exchange do not predict that exchangers 
should habitually limit their giving to a restricted circle of individuals. 

If widespread sharing is more likely in small villages, we may be able to test 
this proposition for the Yanomamo by correlating the number of households in a 
village and the percent of household dyads who did not exchange food during the 
sampling period. For the four Yanomamo villages in this study, the number of 
households in a village ranged from 6 to 16 (or 24 to 102 people) who were pres- 
ent nearly 100% of the time. 

To test this proposition a matrix of village households as givers and receivers 
of resources (shown in Figure 18.1) was produced for each of the four villages. 
The number of empty cells was counted for receivers and givers and expressed as 
a percentage of one half of the matrix less the diagonal cells. These measures as 
they relate to number of households in the village are represented in Figure 18.5. 
For example, in Krihisiwa approximately 60% of all possible household dyads 
neither gave food resources to nor received food resources from each other. 
Regression analyses of number of households against percent of dyads who nei- 
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Figure 18.5. The relationship between number of families in a village and the percent of 
family dyads who did not exchange. 

ther gave to nor received from one another show a strongly positive relationship in 
the predicted direction in both cases (r2 = 0.7 1), but it falls short of statistical sig- 
nificance (p = 0.08, one-tailed; see Figure 18.5 for exact significance levels). 

There is additional Yanomamo evidence that scope of sharing may be a func- 
tion of village size. In an earlier publication John Saffirio and I (1983) described 
variation in sharing within five different Yanornamo villages in Brazil. My 
reanalysis of that data (presented in Figure 18.6) indicates that the scope of shar- 
ing, as measured by percent of village households who received gathered, hunted, 
or fished resources each time food was brought into the village, declines with vil- 
lage size. As Table 18.4 shows, the correlation coefficients for gathered foods and 
fish are highly significant, but not for game. Good (1987:136-137, tables 18 and 
19) shows that after a Yanomarno village fissioned, reducing its size from 1 14 to 
4 1 residents, the probability of a household not receiving a portion of a major ani- 
mal kill went from 5% for tapir, 29% for white-lipped peccary, and 25% for col- 
lared peccary to 0% for all three species in the smaller village. Good uses these 
data to suggest that village fissioning is a consequence of members being unhappy 
with the distribution of game animals and leads to the formation of villages in 
which game is more widely shared. The analysis presented here suggests an alter- 
native interpretation: food exchangers carefully limit their giving to a small set of 
partners whom the givers deem reliable, and the number they select is no larger 
than necessary to reduce variance in food intake. 
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Figure 18.6. Percent of time food acquired through hunting, fishing, and gathering by a 
household was distributed to other households in the village in four Brazilian Yanomamo 
villages. 

Table 18.4. Sharing Scope and Village Size in 
Five Brazilian Yanomamo Villages 

Significance 
Resotirce Pearson’s r (one-tailed) 

Fish -.873 0.027 
Game -.SO8 0.08 
Gathered -.90 0.019 

In addition, there is some comparative evidence that scope of exchange is 
related to village size. Among the Mamainde (or Nambiquara) of Brazil, 80% of 
the time five or fewer families were present in the village when food was distrib- 
uted (Aspelin 1979:3 18). Of the 1 16 village-wide distributions recorded by 
Aspefin, present families were excluded from the distribution in five cases only. 
Significantly, perhaps, in four ofthese five cases of exclusion there were more than 
five families in the village. 

Although my statistical analyses fail to achieve statistical significance at the 
0.05 level, I am reluctant to accept the null hypothesis of no relationship between 
village size and scope of sharing for the following reason: The clear trend in the 
three independent research projects (those by Saffirio, Aspelin, and Good) is that 
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village size and widespread sharing are negatively related, and my results are con- 
sistent with this pattern. 

It should be kept in mind that the three studies described above measure 
exchange differently. My behavioral scan method measures the frequency of eat- 
ing any food that was produced by one’s household or that of another; Good rneas- 
ured the distribution of large game kills (those who did and did not receive 
portions of a kill); Safirio measured the distribution of all wild resources; and 
Aspelin measured the portion received by each household of the total distributed 
in relation to the number of households present and household size. 

BALANCE OF EXCHANGE 

As mentioned above, a bivariate correlation of the amounts given and received 
between individual households compared for all households in the village will 
enable an assessment of general balance of exchange. With regard to specific bal- 
ance, reciprocal altruism would predict a positive correlation between giving to 
and receiving from specific households. The amounts given and received are not 
expected to balance precisely over a period as short as the sampling frame of these 
studies (about two months in each village). Egalitarian models of exchange hold 
divergent views on balance. In one case, Sahfins (1965) predicts that balance of 
exchange is strongly influenced by closeness of kinship and residential proximity: 
the closer the degree of kinship and residential proximity between families, the 
more likely that exchanges will be unbalanced (i.e., those who are able to give, 
give to those who are in need). As residential and kinship distances increase, 
exchanges become mure balanced, and as they further increase, exchanges 
become negatively balanced (ie,, households attempt to take advantage of one 
another; Sahlins 1965).3 This model in some respects closely parallels simple kin 
selection models (Hames 1989) which predict that close genetic kin are more 
likely to be tolerant of imbalances in exchange than distant kin. However, Sahlins 
specifically disavows such an interpretation (Sahlins 1976) when he claims that 
closeness of kinship is defined culturally and not genetically. A different view is 
held by Aspelin (1979), who reasons that balance is likely to be an artifact of each 
individual family’s ability to produce and need to consume. To some extent this 
proposition has aIready been evaluated in analyzing the relationship between 
amount received and given in relation to family demography. 

In all four villages the correlation between giving and receiving within house- 
hold dyads was positive and significant, but the correlations were weak to moder- 
ate (Table 18.5). The straightforward interpretation of this result is that households 
tend to limit their exchange relations to particular households. The strength of 
these associations is powerfully influenced by the fact that a significant number of 
households in all the villages did not exchange at all. For example, in Rakoiwa, 
which has the strongest correlation ( r  = OSO), 12 of the 36 pairs did not exchange 
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Table 18.5. Specific Balance between Household Dyads 
in Four Yanomamo Villages 

Sign$cance 
Village Pearson 's r (one-tailed) 

Rakoiwa 0.50 0.001 
Krihisiwa 0.29 0.019 
Bisaasi-teri 1987 0.2 1 0.026 
Bisaasi-teri 1986 0.16 0.026 

at all. If these individuals are deleted from the sample, then the correlation coeffi- 
cient diminishes to 0.25 ( p  = 0.035, one-tailed). 

DISCUSSION 

The analysis of Yanomamo exchanges presented here suggests that reciprocal 
altruism may be an important factor in food exchanges between families. 
Yanomamo tend to restrict their food exchange to a limited number of families, as 
seen in the analyses of village size and scope of exchange, and exchanges tend to 
be balanced. Although some support for the notion of egalitarian exchange is pro- 
vided by the fact that large families received more food than small families, large 
families do not give more food relative to small families and they do not receive 
proportionately more food than smaIl families. 

Hawkes (1993) has suggested that lack of balance in giving and receiving is 
evidence against reciprocal altruism. The positive correlation between giving and 
receiving among Yanomamo families leads me to conclude that exchange among 
the Yanomamo is balanced. This positive relationship is strongly influenced by the 
fact that many families did not engage in exchanges. Although I have not done a 
detailed analysis of the balances, it is clear some families are in near perfect bal- 
ance while others show moderate disparity. There are at least three different rea- 
sons for this lack of perfect balance. First, the short time period of the data 
collection may reveal imbalances that would be equalized over a long period of 
time. Second, as noted by Winterhalder (1996) and Gurven and colleagues (n.d.), 
marginal valuations as determined by resource type (meat vs. crops) or costs of 
giving or benefits of receiving may differ significantly from exchange to exchange 
owing to a variety of circumstances. For example, the benefit of receiving or cost 
of giving increases with the length of time one has gone without for both the giver 
and the receiver. Finally, ethnographers studying people as diverse as foragers 
(Mauss 1967) and Irish smallholders (Arensberg 1959) have long noted that 
attempts to balance exchanges are tantamount to ending exchange relationships. 
For these reasons I would conclude that a positive correlation between giving and 
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receiving provides reasonable evidence that exchange is based on some form of 
reciprocal altruism. I believe the critical point demonstrated here is that exchange 
among theYanomamo is strongly contingent such that families bias their giving to 
those who give to them. However, it is clear that a closer analysis of the nature of 
balances is required, especially in terms of the kinship and other social bonds that 
characterize families in exchange relationships. 

Patterns of exchange found among the Yanomamo differ significantly from 
those found among foragers. Sharing among the Ache has a much wider scope: 
nearly all families receive portions of food brought into the camp, a pattern simi- 
lar to what is found among the foraging-horticultural Mamainds. To some extent 
these contrasts may be a simple function of group size since Yanomamo villages 
in this study ranged from about 50 to 100 residents compared with 30 to 40 found 
among the Mamainds and Ache. As noted by Burch (1992), the widespread shar- 
ing we have come to expect among foragers may be an consequence of our obser- 
vations being limited to small foraging groups. As groups become larger, the 
utility of widespread sharing may diminish, which may lead to sharing focused on 
subsets of families within a settlement. 

These findings also suggest an alternative interpretation of Yanomamo village 
fissioning. As mentioned above, Good (1989) notes that as a village becomes larger, 
game animals are not as widely shared as they are in a small village.4 My data and 
those of Saffirio show this effect for aZE food resources. Good argues that in large 
villages rancorous accusations of stinginess frequently accompany less-than-corn- 
plete game distributions, and this ultimately leads to the village splitting into two 
smaller villages in which game is shared more widely, He argues that not being 
included in food distributions is an insult to one’s status, and such insults lead to the 
creation of smaller villages where these insults have a lower probability of occur- 
ring. His model does not specify the function of game sharing other than to preempt 
accusations of stinginess regarding a scarce resource. This perspective seems to 
invoke motivations inherent in models of “tolerated theft” (Blurton Jones 1984) or 
what Peterson refers to as “demand sharing” (1993). Yai-tomarno can be extremely 
aggressive in their demands for resources, as Chagnon has documented (1974, 
1992). Although my data also suggest that sharing may be more widespread (i.e., 
has greater scope) in small rather than large villages, I am unable to demonstrate a 
significant correlation between village size or number of families in a village and 
the intensity of sharing any (game, fish, garden, or gathered foods) food  resource^.^ 
This means that the amount of food a family is likely to receive from all other fam- 
ilies is independent of village size, and therefore fissioning to form smaller villages 
will not increase one’s absolute intake of resources from other families. This is 
because sharing in large or smaller villages seems to be restricted to sets of fami- 
lies who form reciprocal sharing partnerships. 

The apparent relationship between the scope of exchange and village size, and 
the finding that Yanomamo households appear to restrict their giving and receiv- 
ing to specific households, have interesting implications for village structure. This 
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pattern is further implicated by evidence for specific balance of exchange between 
households. These trends suggest that medium-sized and large villages may be 
economically subdivided into groups of households based on habitual sharing 
relationships. It would be interesting to determine whether these patterns parallel 
or replicate predictable lines of village fissioning that seem to be based on patterns 
of marital alliance and kinship, as documented by Chagnon (1  98 1 ; Chagnon and 
Bugos 1979). It suggests that, in the absence of intense warfare, villages should be 
no larger than the minimum number of households needed to reduce subsistence 
risk. These small villages probably operate at an economic advantage because 
there is less competition for local resources. As warfare intensifies, villages must 
become larger for defensive and offensive purposes (Chagnon 19741, and villages 
begin to subdivide into groups of households who maintain intensive exchange 
relationships. 

CONCLUSION 

The Yanomamo are an egalitarian people, yet village-wide patterns of food 
sharing are not designed to channel food to households having difficulty meeting 
consumer demand by taking it from households that are able to meet consumer 
demand more easily. Instead, most sharing seems to be restricted to groups of 
households who preferentiaIly share with one another. Within the sphere o f  habit- 
ually exchanging households it is possible that flows are not equal, and they may 
be based on relative need and productive ability. This restriction in scope leads to 
large and medium-sized villages being subdivided into a series of units that inten- 
sively share with one another and rarely share with households outside their group. 
An important future research issue is the identification of the nature of kinship and 
marital bonds that characterize congeries of households tied to each other through 
habitual and intensive sharing. In addition, it would be useful to determine 
whether other forms of economic and social interaction, ranging from cooperative 
labor to reciprocal childcare, also characterize these groupings. 

NOTES 

1. In an analysis of Nelson Graburn’s Inuit exchange data, Pryor (1977:80) opera- 
tionalizes balance as the amount received less the amount given divided by the sum of the 
amount given and received. The resulting measures range from 1 .OO, which means that the 
household always received and never gave, to 0.00, indicating that it gave as much as it 
received, to -1 -00, meaning that it always gave but never received, This measure of balance 
is usefuI for understanding how factors other than exchange, such as household size or mar- 
ital status, act as determinants of exchange balance. For example, Pryor (1977:84-85) 
found that marital status (married vs. unmarried) and sex were significant determinants. 
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2. However, recent research by evolutionary ethnographers at the University of New 
Mexico Sosis (1997) and Gurven et al. (n.d.) using bargaining theory and reciprocal altru- 
ism shows that family size is relevant to predicting the amount of food a family receives. 

In a previous publication on Ye’kwana garden labor exchange I showed that, con- 
trary to Sahlins’s claim, closeness of genetic kinship was a powerful determinant of balance 
in garden labor exchange (Hames 1989). My colleague Napoleon Chagnon and I are cur- 
rently analyzing whether or not closeness of kinship is a significant factor in Yanomamo 
food exchange balance. 

Good provides no test results demonstrating that the change in sharing patterns is 
statistically significant. 

Regression analyses of village size and number of families against intensity of shar- 
ing of all resources and of fish, game, gathered, and garden resources yielded a significant 
(one-tailed) correlation between village size and the intensity of sharing of gathered 
resources. Paradoxicaly, the correlation was positive. 

3. 

4. 

5. 
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Reciprocal Altruism and Warfare 

A Case from the Ecuadorian Amazon 

JOHN Q. PATTON 

INTRODUCTION 

Warfare is an aggressive act, but it also entails cooperation and alliance. As 
such, a comprehensive Darwinian approach to the study of warfare must address 
the “problem” of altruism. In this chapter, data collected among tribal people liv- 
ing in the Ecuadorian Amazon are presented and used to argue that reciprocal 
altruism plays an important role in the motivation of warriors to undertake the 
risks involved in war and feud, and that an analysis of reciprocal altruism with 
regard to tribal warfare provides an important tool in the study of tribal social 
structures. 

Are Warriors Altruistic? 

Among Wright’s (1994) list of frequently asked questions and apparent puzzles 
for the Darwinian paradigm is “why do soldiers die for their country?” This puz- 
zle can be rephrased: Why do warriors undertake the somatically risky behaviors 
associated with war when the benefits derived from the risks they take appear to 
be a public good, that is, group defense and the pursuit of coalitional goals? As 
Wright describes (1994, pp. 390-391), the most widely accepted solution to this 
puzzle has been kin selection (Hamilton 1964). It is argued that the social contexts 
for the evolution of human warfare were small patrilocal kin groups, and when 
warriors risked their lives they did so for close kin. Contemporary warriors in 
modern nations, as well as in many tribal societies, are seen as being motivated by 
a Pleistocene psychology operating within novel social and political settings 
where the group one defends is primarily made up of non-kin or of distant rela- 
tives. As a consequence, selection for inclusive fitness in the past has led to altru- 
ism in the present. 

Although kin selection may help to explain the origins of warfare, defined here 
as intercoalitional violence,l it is an incomplete answer to the question of why 
warriors risk their lives. Many aspects of coalitional violence among humans, non- 
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human primates, and other animals indicate that reciprocal altruism (Trivers 1971, 
Axelrod and Hamilton 1981, Axelrod 1984) is an important motivation for coop- 
eration. Evidence of reciprocal altruism in primate coalitions has existed since 
Hall and DeVore’s pioneering study of aggression and cooperation among male 
baboons ( 1965). Hall and DeVore presented data demonstrating that low-ranking 
members of the “central hierarchy” were allowed increased matings over higher- 
ranking non-members (i.e., they were compensated for their cooperation by 
higher-ranking coalition members). Since then, reciprocal altruism has commonly 
been used by prirnatologists to explain the motivation for the formation and main- 
tenance of coalitions (see Harcourt and de Waal 1992). Chimpanzees (our nearest 
relatives) exhibit signs of complex coalitional decision-making based on recipro- 
cal altruism (de Waal 1982; de Waal and Harcourt 1992) and the cognitive ability 
to triangulate political loyalties and predict mutual support during conflicts (de 
Waal 1982). Certainly at the beginning of the Pleistocene our ancestors were at 
least equally endowed with cognitive abilities for reciprocal altruism (see Trivers 
197 1 :45), and since then we have evolved a human nature with a unique capacity 
for social intelligence and the ability to form non-kinship based alliances. 

Reciprocal Altruism and Segmental Warfare 

One characteristic of human warfare that appears to be a universal that we share 
with chimpanzees (Goodall 1986) and baboons (Kurnmer 1971), and offers evi- 
dence of reciprocal altruism, is the ability to form coalitions at different levels of 
political hierarchy, that is, the capacity for segmentary warfare (Boehm 1992). 
Segmentary warfare is the ability of groups to temporarily put aside conflicts in 
order to form Iarger political units in opposition to other similarly formed coali- 
tions, and these in turn may unite against an even larger coalition, and so on, and 
so on. Political segmentation and the related principle of segmentary opposition is 
evident throughout different levels of human social complexity. In the recent his- 
tory of human warfare this ability saw perhaps its greatest expression with the 
Allied and Axis coalitions during World War 11, but it is also a defining character- 
istic of tribal societies (Sahlins 1961) and was first described for “acephalous,” 
egalitarian societies in Africa (Evans-Pritchard 1940 for the Nuer, and Bohannan 
1954 for the Tiv). 

In tribal societies the joining of political segments is associated with widening 
degrees of kinship (Bohannan 1963, p. 137). This is in striking agreement with kin 
selection theory. Similarly, the concept of segmentary opposition is in agreement 
with Alexander’s “balance-of-power” hypothesis (1 979, p. 222), which holds that 
the primary function of human groups is to compete with other human groups and 
that the optimal size of human groups is determined by the need to maintain bal- 
ances of power. Kin selection can easily explain the linking of lower-level politi- 
cal segments, but it is more difficult to explain cooperation at larger political levels 
where average degrees of relatedness are minimal or insignificant. At these levels 
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reciprocal aItruism provides a more reasonable explanation. Sahlins’s ( 1945) 
model of “primitive” exchange illustrates this. His model resembles a bull’s-eye 
target and consists of nested interaction sectors, with the household sector at the 
center surrounded sequentially by the lineage, village, tribal, and finally the inter- 
tribal sectors. Cross-cutting these sectors is a spectrum of reciprocity that goes 
from “generalized” (one-way gifts with no accounting of costs and benefits) at the 
household sector to 4‘balanced” (equitable exchange, a balancing of costs and ben- 
efits) at the tribal sector and “negative” (cheating and theft) at the intertribal sec- 
tor. Alexander (1979, p. 200) points out that Sahlins’s generalized reciprocity and 
balanced reciprocity are strikingly similar to the concepts of kin selection and 
reciprocal altruism, respectively. As one moves from the household to the outer 
sectors in Sahlins’s model, degrees of relatedness, and so the effectiveness of kin 
selection, diminish (Alexander 1979, p. 57), becoming insignificant by the time 
one reaches the tribal sector, which is characterized by balanced reciprocity 
(reciprocal altruism). Since warfare commonly takes place in these outer sectors, 
reciprocal altruism must play an important role in warfare (See Figure 19.1). At 
some point along this spectrum of social interaction sectors, motivations for coop- 
eration in war and feud go from a combination of lun selection and reciprocal 
altruism at the center to reciprocal altruism as the major influence in the outer sec- 

Figure 19. I .  Spheres of Interaction, Kin Selection and Reciprocity. 
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tors. If this were not the case, segmentary warfare would be impossible to explain 
with our current Darwinian models of altruism. 

Reciprocal Altruism and Status 

Perhaps the most conclusive ethnographic data indicating that reciprocal altru- 
ism may play an important role in motivating warriors is Chagnon’s (1988) report- 
ing of a significant correlation between reproductive success (RS) and attaining 
the status of unokai among theYanomamo. A man becomes unokui in a public cer- 
emony designed to protect him from the spirit of a man he has lulled or helped to 
kill. The vast majority of these killings occur during revenge raids on enemy vil- 
lages. The unokai are not random killers, or murderers, but the Yanomamo equiv- 
alent of war heroes (Chagnon 1992, pp. 240-241). In addition to signaling a man’s 
physical formidability, skill, and experience in successful warriorship, the unokui 
ceremony is also a public recognition of a man’s willingness to take personal risk 
for the good of his coalition. The risk these men take for their coalitions appears 
to be reciprocated, as indicated by Chagnon’s discovery that the unokui have on 
average two and a half times the number of wives and more than three times the 
number of offspring as do non-unokai (1988). Chagnon suggested that the unokai- 
RS correlation may be an example of culturally defined success leading to repro- 
ductive success (Irons 1979). If Chagnon is correct that the unokui-RS correlation 
is dependent on the proximate linkage of warriorship to status, Yanurnamij war- 
riors are not altruistic, but motivated by enlightened self-interest, That is, among 
the Yanomamo risks taken in war will be reciprocated with greater social status, 
which in turn leads to an increased ability to acquire wives. If warriors are moti- 
vated by the thought of receiving the benefits of higher status ( a d o r  to avoid its 
loss) in proportion to the risks they take, their decision to participate in war or feud 
should conform to the logic of reciprocal altruism and should be amenable to cost- 
benefit analysis. Furthermore, a warrior’s decision to undertake risks in war can be 
studied as a product of an evolved strategy for the use of violence €or status gain 
within a coalitional context. 

In egalitarian societies, status has been described as achieved rather than 
ascribed.2 But status in egalitarian societies also has the following characteristics 
(among others): higher status for one coalition member comes at the cost of lower 
status for others (i.e., status is relative and status competition within coalitions is 
a zero-sum game); privileges of high status have appropriate limits; and domi- 
nance hierarchies can be overturned through coalitional readjustments limiting the 
power of would-be despots (Boehm 1993). Within egalitarian societies, high sta- 
tus is a social reward, something that is as much given or allowed by one’s coali- 
tion members as it is achieved. Status is a product of social compromise. 

If risks taken in coalitiunal violence are to be reciprocated in terms of social 
status and status is a product of social compromise, then strategies for the use of 
violence €or status gain are dependent on the existence of shared psychological 
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mechanisms for detecting and processing information concerning status and a 
man’s willingness to take risks for his ~oal i t ion.~ These social decision-making 
mechanisms must be based on a shared logic of a social exchange contract for 
intercoalitional violence that implicitly defines the balancing of cost to benefits 
(i.e., individuals must keep score of risks taken and status gained or lost using the 
same rules for scorekeeping). If this were not the case, a warrior would have little 
or no confidence that others in his coalition would recognize their obligation to 
reciprocate in proportion to the risks he takes for them. 

The Foci of This Study 

The application of the theory of reciprocal altruism in the context of human 
warfare can be approached from multiple perspectives. This chapter focuses on 
two applications: (1) reciprocal altruism as it applies to a social contract for 
mutual defense, and (2) reciprocal altruism as a shared logic for the equitable dis- 
tribution of status within coalitions. 

Perhaps the most straightforward application of the theory of reciprocal altru- 
ism to human warfare is the argument that some expressions of intercoalitional vio- 
lence are motivated by the prospects of reciprocal support in future conflicts. If this 
is so, as the nature of segmental warfare indicates, the cohesion of war-making 
coalitions composed of distantly or unrelated kin will be based on the perceived 
likelihood or trust that support in conflicts will be reciprocated in the future. In 
short, cooperation within such coalitions should be predicted by the model “wbx”  
(Trivers 197 1 ; Axelrod and Hamilton 198 1 ; Axelrod 1984) predicting cooperation 
based on reciprocal altruism, where b is the value of support to the receiver, c is 
the risk incurred by the actor for the benefit of the receiver, and w represents the 
actor’s expectation that he will receive support in the future as a consequence 
of c. 

In game theory, the value w is defined as the number of times the game is 
played, such that the expectation of future support is a function of the number of 
opportunities for further cooperation. In an ethnographic context the measurement 
of w is more complex. Reciprocity need not be direct (Alexander 1987). Within 
coalitional settings, indirect reciprocity involving three or more individuals can be 
complex and general (Alexander 1987, p. 85). Coalitional boundaries are often 
volatile, and loyalties within and between coalitions are both nested and cross- 
cutting. A single conflict within a coalition may have dramatic effects on coali- 
tional structure and composition, making the detection of group boundaries 
difficult and situational (Patton 1996, pp. 110-123). In this context, judgments 
concerning expectations for reciprocation may require calculating conflicting loy- 
alties more than simply assessing opportunities for reciprocation. This makes 
judgments concerning the likelihood of reciprocal support (w)  difficult. This diffi- 
culty underscores the complex social decision-making required of individuals act- 
ing within coalitions based on reciprocal altruism. It requires the cognitive ability 
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de Waal refers to as “triadic awareness” (de Waal 1982). Triadic awareness is the 
ability to make judgments concerning one’s own relationships while accounting 
for the relationships between others. This ability to triangulate political loyalties 
requires cognitive mechanisms for assessing relative values of w between individ- 
uals. It is this ability that allows individuals to make decisions concerning the 
strategic use of violence within coalitional settings, such as where on the political 
landscape violence must be avoided; where it will have the desired effect; how 
violence will restructure coalitional loyalties; and of most importance here, who 
will come to your aid during a conflict involving specific others. 

The mathematical model for reciprocal altruism is structurally similar to the 
model for kin selection (Brown et al. 1982). The value w is comparable to Hamil- 
ton’s r in the model “ r b x ”  (Hamilton 1944). Chagnon has demonstrated that 
among the Yanomamo, Hamilton’s r provides a means for measuring social soli- 
darity (1975) and predicting the location of political cleavages within communi- 
ties during conflicts (Chagnon and Bugos 1979). In coalitions where cooperation 
is based on reciprocal altruism, measurements of w should likewise provide a 
means of describing coalitional solidarity and structure. Below, I describe a 
method for accessing relative measurements of w using a triangular awareness 
task and use these measurements to define coalitional boundaries and structure for 
Conambo. 

The second approach taken in this chapter is to examine social decisions con- 
cerning status and a man’s perceived value as a warrior, his warriorship, for signs 
of a shared logic for the equitable distribution of status within coalitions that con- 
forms to the expectations of reciprocal altruism. As stated above, the unokai-RS 
correlation is dependent on the shared logic of a social contract, within the context 
of coalitionaI violence, that specifies the relationship between costs and benefits, 
that is, agreed upon “rules of the game.” 

Cosmides and Tooby have provided evidence that contracts for social exchange 
have an innate logic (Cosmides 1989, Cosmides and Tooby 1992). They argue for 
the existence of cognitive mechanisms for the detection of cheaters in social con- 
tracts, and by extension, that there is an innate logic specifying the exchange of 
costs and benefits in social contracts (i.e., an innate set of rules for scorekeeping). 
If the unokai-RS correlation requires a shared logic in the form of a social con- 
tract, it may be that the correlation is a product of innate cognitive mechanisms, 
based on reciprocal altruism, for making assessments concerning a social contract 
for intercoalitional violence. If such innate rules are in place, a man’s social posi- 
tion within his coalition should in part be based on his value as a warrior to his 
coalition. There should be a positive correlation between warriorship and status. 
Just how important a variable warriorship is for determining status will depend on 
the relative importance of other status attributes. 

In what follows, I will argue that in Conambo warriorship is perceived to be of 
utmost importance in determining a man’s status, that coalitions of men are to a 
large extent based on reciprocal altruism, that values of w provide an useful tool 
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for defining Conambo social structure, and that informants’ judgments of status 
and waniorship provide evidence of a shared logic for a social contract for inter- 
coalitional violence based on reciprocal altruism. 

Ethnographic Background and Site Description 

The data presented in this chapter were collected during ethnographic field- 
work conducted from December 1992 to September of 1993 in the Ecuadorian 
Amazon among Achuar Jivaro and lowland Quichua speakers4 living in the com- 
munity of Conambo. The center of Conambo is located on the Conambo River at 
76 degrees 52.76 minutes west longitude and 1 degree and 52.3 1 minutes south of 
the equator. No roads go to Conambo. Two days downriver from Conambo by 
canoe, the river joins the Rio Pindo at the Peruvian border to form the Rio Tigre. 
A short distance above Conambo the river is unnavigable. Below Conambo, river 
travel is closed at the border. The 185 people, give or take a few on any given day, 
who make up the community of Conambo live in 23 households spread along 
3,000 m (as the crow flies but much further by foot) on both banks of the Conambo 
River.5 With only a few exceptions, there is no line-of-sight between households, 
and it takes about an hour walking fast to travel from the house furthest downriver 
to the house furthest upriver. Both settlement and politics are remarkably decen- 
tralized (see Taylor 198 1 for a discussion of Achuar settlement patterns). 

The people of Conarnbo still live a relatively traditional lifeway and have only 
sporadic contact with nonindigenous peoples who Ay in and out on small, six- 
passenger missionary aircraft. No missionaries or other nonindigenous people live 
in the community, but missionaries have established a primary school with two 
teachers who are indigenous people from other jungle communities. 

The people of Conambo make their living through hunting, fishing, gathering, 
and swidden horticulture. They hunt with blowguns and curare-tipped darts, and 
with muzzle-loading shotguns (which are also the weapon of choice for homicide) 
for which they acquire shot, powder, and percussion caps through trade. Their sub- 
sistence strategies are very successful, Descola reports from a study conducted in 
the area that the average Achuar adult consumes 3,408 calories and 104.5 g of pro- 
tein daily (1994, p. 210).6 Conambo is in an area rich in game, and with 0.17 peo- 
plekm7 (Descola 1994) the Achuar have one of the lowest population densities in 
the Amazon. There is little reason in Conambo to risk one’s life over hunting 
resources. 

The people of Conambo have a strong egalitarian ethic, and politics are small- 
scale and flexible. Karsten noted that among Jivaroan peoples there is no “proper 
name for a chief” and that chieftainship exists only in times of war (1923, p. 7). 
Unlike the Yanomamo, among the Achuar there are no “headmen,” nor is there a 
word that signifies such, but men of prominence are called hundri, which literally 
means “big man.” The Achuar have no named lineages, and they reckon descent 
bilaterally. In terms of political organization, the Achuar resemble bands more 
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than tribes (Ross 1988). This simple political organization is combined with 
matrilocal residence. Matrilocality leads to male coalitions that are to a large 
degree made up of distantly related or unrelated men. In Conambo, sets of broth- 
ers provide a nucleus for male coalitions, but the majority of men in Conambo are 
sons-in-law who have married in from other communities. Young men from 
Conambo more often than not leave the community to many. This form of social 
organization is flexible and volatile. Kin terms have modifiers added to them that 
signify “real” or “branch” lun. The use of these modifiers is often manipulated 
according to one’s political interests. This leads to a political structure in which 
kinship is an unreliable predictor of political support (Harner 1972). This uncer- 
tainty is no doubt the reason that would-be killers seek out counsel and prior per- 
mission from kinsmen and allies before taking action. Ross states that seeking 
counsel is an “important part of the protocol that characterized the pattern of 
Achuara hostilities,” and it “behooves any Achuara contemplating revenge upon 
someone to discuss his plans with potential allies, aligning them in his camp in 
advance of his action” (1984, pp- 102-103). Jivaroan peoples are also known to 
employ spies during times of conflict (Harner 1972, p. 183). 

This political landscape is less predictable than that found in most small-scale 
societies, and maneuvering through it requires very thoughtful warriorship (Pat- 
ton 1996). It is also probably one reason why Achuar homicide rates are so high. 
The genealogical data for Conambo indicate that 50% of male forefathers were 
victims of homicide. Of the 30 immediate male ancestors of people currently liv- 
ing in Conambo for whom there were reported unambiguous causes of death, 15 
died from shot gun blasts. In previous studies of homicide rates for the Achuar, 
Kelekna (1 98 1)  and Descola (1996) also report a rate of 50%, and E. Ross (1 976) 
and J. Ross (1984, 1988) report a rate of 59% €or Achuar men living on the Peru- 
vian side of the border. Currently, homicides rates for Conambo are not as high as 
that figure would indicate. In the past 15 years or so, three men in Conambo have 
been killed in homicides. While this is still a relatively high rate of homicide for a 
community of this size, people recognize the present as a time of relative peace 
compared to the intense feuding that took place about 20 years ago and before. 
They refer to that time of intense feuding as “the time when we were ending.” It is 
difficult to equate this level of homicide with notions of public good or group fit- 
ness. The history of the people of Conambo, typical for the Achuar, is one where 
issues of security, relative to subsistence, are overwhelmingly more important to 
environmental coping, and where social structure both influences and is a reflec- 
tion of intercoalitional violence. 

METHODS AND RESULTS 

In this chapter, two separate data colIection tasks and analyses are used to argue 
for the importance of reciprocal altruism as a basis for cooperation in war. The first 
involves a triadic awareness task to measure political loyalties, used in a descrip- 
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tion of Conarnbo coalitional structures. The second involves the collection of 
informants’ judgments of men’s status and warriorship, examined for signs of a 
shared social contract based on reciprocity. 

Reciprocal Altruism and Social Structure 

For this task, 38 informants (25 men and 13 women) were asked to make 
alliance judgments involving all 33 married men in Conambo. Each informant was 
shown photos of all of the men presented in random sets of three and asked “If 
there were a conflict involving these three men, which two would be most likeIy 
to unite against the third?” In essence, this was a triadic awareness task where 
informants were asked to make a judgment as to which of the possible coalitions 
represented in each triad was the strongest. Each triad represents three possible 
coalitional choices. If in a triad of individuals A, B, and C, the informant chooses 
the coalition A-B, the choice represents the judgment that the coalition A-B has 
more solidarity than coalitions A-C and B-C. 

Each informant was asked to make comparative judgments of 99 dyadic coali- 
tions for a total for all informants of 3,762 alliance judgments. Each of the men 
appeared in 228 possible coalitional choices and was compared with each of the 
other men an average of 7.13 times. Relative coalitional strengths for each of the 
hypothetical coalitions (each pair of men) were calculated by taking the number 
of times each coalition was chosen divided by the number of times each pair was 
presented as a choice, that is, the percentage of times the two men were judged to 
have the strongest alliance. 

These relative alliance strengths were then tabulated in a matrix representing 
the relative strengths of all possible male dyadic coalitions. Alliance strengths 
alone may not predict who will side with whom in a conflict. Individuals with 
strong alliance ties may find themselves on opposite sides of a political divide 
because the bulk of their alliances may not overlap. In addition, not all alliances 
have the same value. One may be strongly allied with another, but it may be polit- 
ically disadvantageous to side with them, depending on the coalitional context. 
The ability to make decisions as to who will side with whom requires more than 
political awareness of coalitional triads; it requires making alliance decisions with 
potentially as many dimensions as there are members within a group minus one. 
A better estimate of who will come to whose aid in a conflict can be made by 
assessing the degree to which individuals share the same set of allies (and ene- 
mies). To approximate this type of assessment, the matrix of alliance strengths was 
used to tabulate another matrix of alliance similarities. The cells of this matrix 
contained Pearson’s correlation coefficients, which represent the degree to which 
each pair of men conform in terms of alliance strengths when compared with each 
of the other men in the sample, that is, the degree to which their sets of alliances 
correspond. This matrix of alliance similarities was used to detect Conambo men’s 
coalitional boundaries, composition, and structure through the use of multidimen- 
sional scaling. 
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Multi-Dimensional Scaling (MDS) is commonly used by cognitive anthropol- 
ogists and others to analyze informants’ judgments concerning triadic comparisons 
and other similarity judgment tasks to uncover the “hidden structure’’ embedded in 
the data, and to describe and analyze systems of classification (Kruskal and Wish 
1978). MDS takes informants’ collective judgments concerning the similarity of 
objects and maps out in two dimensions a spatial representation of the data. Scales 
and axis labels are generally absent because they are arbitrary. The relationships 
among objects are represented by the relative distances between them, and in the 
detection of object clusters. In essence, MDS converts mental representations of 
the similarities between objects to spatial maps that can be used to reveal hidden 
relationships between objects in a form that makes intuitive sense. It is important 
to note that since the data used to generate MDS are derived from a number of dif- 
ferent individuals, each with a slightly different perspective, the patterns in a MDS 
represent the degree to which informants share the same criteria for making simi- 
larity judgments of the items. If each informant has a different criteria for classi- 
fying items the arrangement of items in the MDS would appear random. The 
structure or strength of clustering in MDS, then, represents the degree to which 
informants’ judgments and judgment criteria correspond. 

Figure 19.2 is an MDS of the similarities in alliance of the 23 male heads of 
household in C ~ n a m b o . ~  It represents a map of informants’ mental representations 
of male alliances in Conambo, derived from a matrix of alliance similarities and 
based on judgments of who is likely to come to whose defense in a conflict. The 
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6 
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a 

Quichua Achuar 

Figure 19.2. MDS of Alliance Similarities. 
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relative distance between the icons representing men in this figure is a relative 
measurement of the degree to which these men share alliance sets. A Tabu search 
technique (Glover 1989,1990) was used to define the main political boundary sep- 
arating the largest two alliance clusters, which are indicted in the figure as shaded 
and unshaded icons. These two alliances have been labeled Achuar and Quichua 
because these terms roughly correspond to the major ethnic divide within 
Conambo, but as used here they denote political rather than ethnic affiliation. Two- 
thirds (8 of 12) of the “Quichua” households have ethnically Achuar members in 
them and one-fourth (3 of 12) have ethnically Achuar male household heads. Most 
of the ethnic Achuar who are members of the Quichua alIiance were at one time 
allied with the Achuar but defected to*the Quichua alliance after homicides. One- 
third of the “Achuar” households have ethnic Quichua members (one is a male 
household head). 

Figure 19.2 provides a map of the Conambo men’s political landscape. An 
examination of this MDS of men’s alliance similarities gives one an intuitive feel- 
ing for Conarnbo political divisions, where the line in the sand would be drawn in 
a community-wide conflict. But another advantage to this approach is that it 
allows for the examination of coalitional structures at different political levels or 
segments. Figure 19.3 is the MDS of the alliance similarities within the Achuar 
coalition without consideration of alliances across the coalitional boundary (i.e, 
ignoring the relationships between Achuar and Quichua men). Figure 19.3 depicts 

Figure 19.3. MDS of Achuar Alliance Similarities. 
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factional structures within the Achuar coalition and provides a more appropriate 
illustration of who is likely to side with whom during a conflict within the Achuar 
coalition. 

Status, Warriorship, and Reciprocal Altruism 

For the second data task, informants’ judgments of men’s status and warrior- 
ship were collected. These data were then analyzed to determine if in  fact infor- 
mants’ judgments of each man’s status were positively correlated with how 
informants perceived his value as a warrior, providing evidence that informants’ 
decisions were influenced by the logic of reciprocal altruism. 

For this task 47 informants (26 from the Achuar coalition and 21 from the 
Quichua coalition)* were asked to rank all of the 33 married men in Conambo in 
terms of  their status position within Conambo, using the same photos as in the task 
above presented in random sets of three. Each man was given two points for being 
chosen first in the triad, one point for second, and no points for third place. Status 
scores were calculated for each man by summing all points from all informants. 
Native terms for status were identified and used in this task. Warriorship scores for 
the same 33 men were collected from 34 informants (1 8 Achuar and 16 Quichua). 
Informants were asked “if there were a war today, which of these men would be 
the best warrior?” Warriorship scores were calculated using the same method used 
for calculating status scores. 

Warriorship appears to be a very important determinant of men’s status in 
Conambo (Figure 19.41, explaining 78.5% of the variation in men’s status with 
very high confidence (Pearson’s correlation coefficient of .785 with a two-tailed p 
of 0.000). Further analysis of the variation in informants’ judgments also indicates 
a coalitional bias in judgments of status (Figure 19.5). Achuar informants on aver- 
age judged Achuar men as having 16.24% greater status than Quichua men, while 
Quichua informants judged Quichua men as having on average 7.44% greater sta- 
tus (a difference a€ opinion of 23.68%). Judgments of warriorship showed less 
coalitional bias (Figure 19.6). Achuar informants on average judged Achuar men 
a5 being greater warriors by a margin of 36.94%. Quichua informants agreed that 
Achuar men were better warriors by a margin of 16.27% (a difference of opinion 
of 20.67%). Despite the variation in judgments due to coalitional bias, the cone- 
lation between warriorship and status remains strong and significant regardless of 
the coalitional membership of the informant and whether the judgments are made 
within or across coalitional boundaries (Table 19. 1).9 

DISCUSSION 

The MDS of alliance similarities provides a means of estimating relative val- 
ues of w. In the context of cooperation during conflicts, w is the discounted value 
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Figure 19.4. Plot Showing the Relationship between Status and Waniorship. 

Figure 19.5. Coalitional Bias in Status Judgments. 
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Figure 19.6. Coalitional Bias in Warriorship Judgments. 

Table 19.1 Correlation Coefficients* for the Relationship between Sta- 
tus and Warriorship by Coalitional Membership and Bias 

A I1 Achuar Quichua 
Judgernefzts 08 informants Informants Informants 

All Men 
Achuar Men 
Quichua Men 

.785 

.770 
,903 

.801 

.780 

.857 

-727 
.738 
.827 

*Pearson’s correlation coefficients; all correlations were highly significant (two- 
tailed p = 0.000) 

in the model for reciprocal altruism ( w b x )  that represents the likelihood or 
expectation of reciprocal support in conflicts. If icon A is at half the distance to 
icon B than it is to icon C, these relative distances indicate that it is the collective 
expectation of informants that during a conflict, all eIse being equaI,1° A is twice 
as likely to come to the aid of B than to come to the aid of C, that is, the value of 
w for the alliance A-B is twice that of the value for the alliance A-C (see Figure 
19.7), 

Conarnbo’s main political boundary, apparent in the MDS of alliance similar- 
ity (Figure 19.2), is also a boundary of ethnocentric coalitional bias. A description 
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0 

Figure 19.7. MDS of Achuar Alliance Similarities with relative values for w. 

of alliance structures based on relative measurements of w (who is likely to recip- 
rocate in a conflict) also describes a psychological boundary of in-group and out- 
group within Conambo. Members of a coalition emphasize the social importance 
of their men while de-emphasizing the social importance of men in the other coali- 
tion. This boundary in coalitional bias is independent evidence that the MDS in 
Figures 19.2 and 19.3 depicts actual coalitional structures. In coalitions with low 
average degrees of relatedness (r) ,  and therefore weak lun selection motivations 
for cooperation, measurements of w provide a useful tool for the description of 
coalitional structures and a means of measuring relative degrees of coalitional sol- 
idarity at different levels of political segmentation. 

Despite a coalitional bias, which represents an important source of variation in 
status judgments, the relationship between warriorship and status in Conambo 
remains strong and significant, and the logic of reciprocal altruism appears to hold 
throughout the status hierarchy as is evident by the strong, highly significant cor- 
relation between status and warriorship. Despite applying different scales in their 
judgment of a man’s social importance, informants appear to share the same cri- 
teria for assessing status. These shared criteria fit the expectations of an evolved 
logic for social exchange based on reciprocal altruism. The people of Conambo 
appear to share a logic specifying the reciprocation of social status for a man’s 
willingness to take risks in war. As stated above, the unokai correlation provides 
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evidence that reciprocal altruism may play an important role in motivating war- 
riors, and that status may be the reward for the risks warriors take. But, a system 
of costs and benefits within a coalitional context requires trust that others within 
your coalition recognize the same set of rules of reciprocity, as well as their obli- 
gation to reciprocate as specified by those rules. The strong correlation between 
status and warriorship, derived from the collective judgments of informants, indi- 
cates that the people of Conambo show a high degree of fidelity in making judg- 
ments concerning the relationship between status and warriorship, that is, they 
share the same set of rules. As a consequence, Conambo men can trust that their 
efforts will be rewarded, and indeed, men who are better warriors are rewarded 
with higher status. This proportional accounting of costs and benefits has the 
attributes of scorekeeping, which is the hallmark of reciprocal altruism as opposed 
to other possible forms of cooperation among non-kin such as group selection or 
byproduct mutualism (Mesterton-Gibbons and Dugatkin 1992). 

Conambo politics are small-scale and have a history of violence. The people of 
Conambo, despite having only minimal cultural rules for defining social structure 
and minimal consanguineous relationships that bind men’s coalitions, nonetheless 
appear to have a shared mental representation of the structure of men’s alliances. 
Alliances appear to be based on reciprocal support in conflicts, and social hierar- 
chy appears to be a product of a shared logic (a social contract) based on recipro- 
cal altruism for rewarding better warriors with greater status. Together, the two 
data sets presented here offer support to the notion that within certain social con- 
texts reciprocal altruism can be an important motivation for warriors and a basis 
far cooperation, solidarity, and social structure among male coalitions responsible 
for the management of violence. 

SUMMARY 

1. A triadic awareness task was used to measure relative alliance similarities 
between pairs of warriors, which indicate who is likely to reciprocate support dur- 
ing conflicts, providing an estimate of relative values of w in the model for recip- 
rocal altruism ( w b c ) .  

2. ReIative values of w provide a useful tool for describing the structures and 
boundaries of coalitions of men where average degrees of relatedness are small. 

3. Coalitional boundaries defined using values of w also define the psycholog- 
ical boundaries of ethnocentric bias. 

4. The people of Conarnbo appear to have a shared logic based on reciprocal 
altruism which matches the expectations of an innate social contract for inter- 
coalitional violence that specifies the reciprocation of costs (willingness to take 
risks) and benefits (social status). 

5 .  In Conambo better warriors are rewarded with greater social status. 
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NOTES 

1. Many definitions of warfare exist. For a review of anthropological definitions of 
war see Ferguson (1984:3-5). Ferguson argues that the underlying characteristic of war is 
that it is a “social activity” and defines war as “organized, purposeful group action, directed 
against another group that may or may not be organized for similar action, involving the 
actual or potential application of lethal force” (1984:5). Although this definition is more 
inclusive than most anthropological definitions of war, and allows for interspecies cornpar- 
ison, it is somewhat cumbersome. From an ethological perspective, de Waal and Harcourt 
define coalitions as “cooperation in an aggressive or competitive context:’ and as a “social 
tool to defeat others” (1992:2). The term “coalition” embodies the social characteristic of 
war in Ferguson’s definition, and defining warfare as “intercoalitional violence” is just as 
inclusive and less cumbersome. 

But see Maschner and Patton 1996 for a discussion of how lineage membership is 
an ascribed status in egalitarian societies where political power is in large part the result of 
lineage size. 

Warfare is overwhelmingly a male activity. Therefore, this study focuses on men 
and male coalitions. 

The Quichua speakers in Conambo fit Whitten’s (1 976) description of the Canelos 
Quichua. They are the last descendants of the Zaparos who, during the first half of the twen- 
tieth century, all but wiped each other out in feuds that were motivated by witchcraft accu- 
sations following a measles epidemic. The survivors of these “brujo” wars intermarried 
with Achuar who were expanding eastward to avoid the head-taking raids of the Jivaro stud- 
ied by Harner (1972). Quichua, the Inca language, was the linguafranca and provided a 
common language for these intermarrying families. Most Achuar also speak Quichua, 
though only a few Quichua in Conambo were fluent in Achuar. In Conarnbo, apart from lan- 
guage, there is little difference in the lifestyle and politics between Quichua and Achuar 
households. 

There are 23 households, excluding the teachers and defining households as inde- 
pendent economic units. Seven of these households have married in sons-in-law. For the 
purpose of this study, these young couples living under the same roof, or in the same house- 
hold compound, of the bride’s parents are not counted as separate households. 

Philippe Descola and Ann Christine-Taylor visited Conambo for a short stay during 
fieldwork they conducted from November 1976 to August 1978. Most of this time they 
spent with an Achuar faction that had temporally moved upriver from Conambo to avoid 
conflict after a homicide. Descola (1996) provides a more complete description of Achuar 
life and feuding than is possible here. (For a more complete description of Conambo and 
the fieldwork that produced this study, see Patton 1996.) 

2. 

3. 

4. 

5. 

6. 
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7. The matrix of alliance similarities used for this MDS is derived from the relative 
alliance strengths as calculated from triadic comparisons among all 33 men. 

8. The coalitional membership of informants was determined by the coalitional affil- 
iation of the male head of the house in which they reside as determined by the previous data 
task. 

9. The relationship between status and warriorship appears to be independent of age. 
Age is also a good predictor of status, but the data indicate that the relationship of status to 
age showed marked differences depending on the coalitional membership of the men. As 
compared to warriorship, age accounts for an additional 9.1% of the variation in Achuar 
men’s status, but accounts for 13.9% less of the variation in Quichua men’s status. An 
examination of outliers to the relationship between status and warriorship indicate that the 
majority of men who had higher status than predicted by their warriorship were shamans, 
and shamanism was another important source of status. The relationship of age to status, 
independent of warriorship, is most probably the result of higher status of shamans who 
were also older men. The Quichua coalition has fewer shamans than the Achuar. This may 
explain the greater correlation between status and warriorship among the Quichua. 

In this case, if the potential risks to the actor and benefits to the receiver are equal. 
Status differences and differences in physical formidability between individuals undoubt- 
edly change the conditions of risks and benefits within a conflict, but since the strengths for 
each hypothetical dyadic coalition was measured with comparison to a number of potential 
dyadic coalitions made up of individuals from throughout the range of status and formida- 
bility, the effects of these variables are mitigated to the degree possible within the confines 
of this study. For a comprehensive discussion of situations when conditions vary see Boyd 
1992. 

10. 
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The Emergence and Stability of 

Cooperative Fishing on Ifaluk Atoll 

RICHARD SOSIS 

The evolution of cooperative hunting has been of immense interest to biologists 
and anthropologists. Biologists have observed cooperative hunting in numerous 
vertebrate and invertebrate species (see Packer and Ruttan 1988), and anthropolo- 
gists have noted that human foragers often cooperate when hunting and fishing 
(see Hayden 1981). Cooperative hunting is frequently cited as a possible cause of 
sociality in humans and nonhuman species (e.g., Alexander 1974), although oth- 
ers have argued that cooperative hunting is a consequence rather than a cause of 
sociality (MacDonald 1983; Packer 1986; Packer et al. 1990). Anthropologists 
have suggested that cooperative hunting in hominids was a prominent factor in the 
evolution of human brain size and language (Washburn and Lancaster 1968), as 
well as the evolution of reciprocity in humans (Kurland and Beckerman 1985). 
Determining the ecological conditions under which selection pressures will favor 
cooperative food acquisition is essential for understanding the causes and conse- 
quences of cooperative foraging, 

There are two components to the evolution of any cooperative behavior: emer- 
gence and stability. We can ask two questions to distinguish between the emer- 
gence and stability of cooperative hunting: When should a hunter join another 
hunter rather than hunt solitarily (emergence of cooperation)? and When should 
an individual free ride while others hunt cooperatively (stability of cooperation)? 
The goal of this paper is to test theoretical models of the emergence and stability 
of cooperative foraging using empirical data of cooperative sail-fishing activities 
on Ifaluk Atoll. Whereas prior models of the evolution of cooperative hunting have 
assumed that hunters share their returns equally among themselves or all group 
members (Boesch 1994; Packer 1988; Packer and Ruttan 1988), the models pre- 
sented here will use empirically observed biases in the sharing patterns of fish in 
order to explain variance in male participation in cooperative fishing activities on 
Ifalu k. 

437 
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EMERGENCE OF COOPERATIVE FORAGING 

Richard Sosis 

A number of factors are likely to influence the evolution of group foraging, such 
as resource defense (Crook 1972), vigilance and predator defense (Caraco and Pul- 
ham 1984; Hamilton 197 l), reproductive strategies (Wittenberger 198U), and for- 
aging efficiency (Schoener 1971; see Pulliam and Caraco 1984; Slobodchikoff 
1988; Smith 1981 for reviews of the benefits and costs of group foraging). Evolu- 
tionary ecologists have been particularly interested in determining the importance 
of foraging efficiency in the evolution of cooperative foraging, since natural selec- 
tion is expected to produce foraging strategies that maximize the gain rate in time 
and energy limited organisms. Foraging return rates have been widely employed in 
optimal foraging models by anthropologists (see Kaplan and Hill 1992) and biolo- 
gists (see Stephens and Krebs 1986) as a proximate currency that is assumed to be 
highly correlated with fitness. Two avenues for the evolution of cooperative forag- 
ing based in foraging efficiency have been proposed: variance reduction of average 
feeding rates (Caraco 198 1 ; Clark and Mange1 1984; ReaI and Caraco 1986) and 
increase in average acquisition rates (Caraco 1987; Caraco and Wolf 1975; Pulliam 
and Millikan 1982). Greater attention has been given to the latter of these routes to 
cooperative foraging, and this paper will continue that trend. 

Foragers are often expected to form foraging parties that maximize per capita 
net rate of energy capture. Following Smith (1981, 1983, 1985) we can alge- 
braically define mean per capita net rate of energy capture as 

where n is the foraging group size, t is the duration of the foraging acquisition 
event, and Ea and E, are the energy acquired and the energy expended by each of 
the n members of the foraging group during time t. 

A necessary condition for cooperative foraging to emerge is 

Thus, for cooperative foraging to emerge the mean per capita net return rate of 
n cooperative foragers must be greater than the mean per capita net solitary return 
rate.’ Equation 2 assumes that individuals are free to decide whether to forage 
cooperatively or solitarily. Equation 2 does not need to hold for a11 n in order €or 
cooperative foraging to be selected. In other words, the conditions for cooperative 
foraging to emerge may exist if there is a range of n (or only a single n)  over which 
Rn is greater than R,. For example, two fishermen on a large boat that they are not 
able to manage may have per capita fishing return rates much lower than if they 
were to fish alone on shore. However, the necessary conditions for cooperative for- 
aging to emerge may exist if for some range, say 4-7 fishermen, the mean per 
capita net return rate of cooperative fishing is greater than the mean per capita soli- 
tary return rate. 
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Where cooperative foraging has emerged, there has been considerable interest 
in determining the optimal number of foragers in a foraging acquisition group (for 
reviews see Giraldeau 1988 and Smith 1991). Natural selection is expected to 
favor individuals who forage in groups of optimal size-in other words, groups 
that maximize mean resource acquisition rate and therefore genetic contribution 
(Pulliarn and Caraco 1984). However, many studies have noted that the expecta- 
tion to observe optimal group sizes among foragers may be unrealistic because of 
conflicts of interest between group members and individuals who want to join the 
group. Individuals are expected to join groups if they can increase their net bene- 
fits, which may result in a net decrease in benefits for those who are already group 
members (Clark and Mange1 1984; Hill and Hawkes 1983; Sibly 1983; Smith 
1981). This insight has motivated researchers to determine the conditions under 
which cooperation is stable among a group of foragers. 

STABILITY OF COOPERATIVE FORAGING 

Even when the prerequisites for the emergence of cooperation are met, it is still 
necessary to determine the conditions under which cooperation will be stable 
(Axelrod and Hamilton 1981; Maynard Smith 1983). The ability of a free-riding 
strategy to invade a group of cooperators will determine the stability of coopera- 
tion. Two factors determine the success of a free riding strategy: the ability of 
cooperators to control a free rider’s share of returns (e.g., Boesch 1994) and the 
ability of cooperators to impose costs on free riders (e.g., Boyd and Richerson 
1992; Enquist and Leimar 1993; Hirshleifer and Col1 1988). Mesterton-Gibbons 
and Dugatkin ( 1992:270) have defined a “mechanism” for cooperation as a “prim 
cipal effect whose removal would select for noncooperative behavior.” Thus, the 
existence of a mechanism enabling cooperators to control a free rider’s share of 
returns or impose costs on free riders is a necessary condition for the stability of 
cooperative foraging. Cooperation will be stable so long as the net benefits of par- 
ticipating (cooperating) in an acquisition event are greater than the net benefits of 
not participating (free riding). 

As biologists have studied the conditions under which individuals cooperate, 
they have asked related questions concerning the stable coexistence of cooperator 
and noncooperator strategies. Producer-scrounger models have shown that pro- 
ducers (cooperators) and scroungers (noncooperators) can coexist in a stable envi- 
ronment as long as the net benefits received by scroungers are less than those of 
cooperators (Barnard 1984; 33arnard and Sibly 1981; Vickery et al. 1991). These 
models suggest that cooperation will be evolutionarily stable when the average 
payofls of pursuing cooperation are equal to the average payoffs of free-riding (cf. 
Higashi and Yamarnura 1993; Rannala and Brown 1994). 

The goal of this paper is to test theoretical models of the emergence and stability 
of Cooperative foraging using empirical data of cooperative sail-fishing activities 
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on Ifaluk Atoll. Following a brief ethnographic description, I will discuss the pat- 
terns and determinants of fish distribution on Ifaluk. Next I will evaluate whether 
cooperative fishing on Ifaluk meets the necessary conditions set in equation 2 fur 
the emergence of cooperative foraging. Then, by assuming empirically observed 
biases in the fish distribution pattern, a model will be generated to predict the con- 
ditions under which an individual will join a cooperative pursuit. The model will 
be compared to observed fishing behavior on Ifaluk. The paper will conclude with 
a discussion of the results and directions for future inquiry. 

ETHNOGRAPHIC BACKGROUND 

Ifaluk is a small coral atoll (total land mass is 1.48 krn2 [Freeman 
19512372381) located in Yap State in the Caroline Islands of the Federated 
States of Micronesia.2 Ifaluk consists of four atolls, two of which are inhabited: 
Falalop and Falachig. There are two villages on each of these atolls. Villages con- 
sist of 5-13 matrilocal compounds. The 36 cornpounds on Ifaluk range in size 
from 1 to 4 houses and 3 to 37 residents. Households are composed of either 
nuclear or extended families. The average number of residents on Ifaluk in 1995 
was slightly more than 600.3 

The residence pattern on Ifaluk is rnatrilocal. Although men reside at their 
wife’s compound after marriage, they maintain a strong bond with the compound 
where they were raised, their natal compound. A man’s bond to his natal com- 
pound is most prominently manifest in his responsibility to work for this com- 
pound. For example, as will be discussed below, men are expected to fish in 
cooperation with other men from their natal compound. Although men occasion- 
ally eat meals at their natal compound, they generally eat with their nuclear fami- 
lies at their residential compound. 

METHODS 

The data presented in this paper were collected from December 1994 through 
April 1995 on Ifaluk Atoll. During the field session I resided on Falalop atoll and 
collected observational data on fishing activities in Iyeur and Iyefang villages. I 
participated in 17 cooperative sail-fishing events, during which no quantitative 
data were collected. Table 20. I presents the residential composition of compounds 
on Falalop. 

The study population or risk set (i.e., those individuals who are at risk of par- 
ticipating in a cooperative sail-fishing event) consists of 60 males age 14 and older 
who either resided on Falalop atoll during the 1994-1995 field session or were 
raised on Falalop but resided on Falachig, typically as a result of marriage. The 
choice of excluding males younger than 14 from the risk set was not arbitrary. 
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Table 20.1. Residential composition and canoe ownership of Falalop compounds 

number of number of number of Own 
village compound males (214 y ~ )  females (214 Y E )  children (c l4  y ~ }  canoe 

Iyeur 
Ilug 
Harowchang 
Falichel 
Faligliow 
Hawong 
village total: 

Irntaifou 
Woluwar 
Falul 
Mataligob 
Hapelmat 
Bwabwa 
Niwegitob 
village total: 
atoll total : 

Iyefang 

5 
10 
3 
1 
4 
23 

3 
10 
4 
2 
3 
2 
2 
26 
49 

3 
15 
8 
7 
6 

39 

4 
12 
3 
5 
2 
3 
2 

31 
70 

8 Y 
12 N 
9 N 
3 Y 
5 N 

37 

2 N 
15 Y 
3 N 
6 Y 
4 N 
0 N 
3 N 

33 
70 

Although males younger than 14 often participate and contribute to cooperative 
fishing events, they are considered to be learning and not fully adult. They are 
never given any portion of the catch regardless of the distribution, and they are 
excluded from any men’s feast.4 There is a cultural precept that males are expected 
to fish on the canoe associated with the compound where they were raised (see 
below). Therefore, men who were raised in compounds on Falalop were included 
in the risk set since they are expected to fish on canoes owned by Falalop com- 
pounds, even if they currently reside on Falachig. Males that reside on Falalop 
who were raised on Falachig were also included in the risk set since they often 
fished on canoes from Falalop. 

Observational data on solitary and cooperative sail-fishing were collected daily 
on Falalop from December 19 to April 5 with the exception of one week in March 
(n  = 98 observation days). Every morning at 4:OO A.M. during this period I walked 
to the main canoe house on Falalop and waited for the men to commence cooper- 
ative fishing. I recorded which of the four canoes set sail, names of the fishermen 
on each canoe, and time of departure for each canoe. I was also at the canoe house 
when each canoe returned. I recorded the time of return for each canoe and the 
weight and species of each fish caught by canoe. Following the distribution of fish 
from the canoe house 1 reweighed all the fish and recorded where each fish was 
distributed. If inconsistencies were found between the first and second weighing, 
the fish were weighed a third time and the data were corrected accordingly. Sharon 
Feldstein monitored eight village-level Cfelang) and 24 compound-level (shuEiwa) 
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women’s redistribution events. During her observations she recorded the names of 
the distributors, the weight and species of each share redistributed, and the name 
of the compound that received the share. 

Solitary fishing activities occurred in the lagoon and were thus easily moni- 
tored because of their high visibility. Observation days were spent at one or sev- 
eral of the Falalop canoe houses that line the shore of the lagoon. All solitary 
fishing activities commenced from one of these canoe houses. Data collection 
activities that required me to leave the shoreline (e.g., spot observations) never 
caused me to lose sight of the lagoon for more than one half hour. Of 57 total soli- 
tary fishing events, data were missed during only 3 events. For each solitary fish- 
ing event I recorded the name of the solitary fisherman, the time of departure and 
return, and the weight and species of all fish caught. Data on the sharing patterns 
of solitarily acquired fish were recorded for 35 fishing events. I recorded the name 
of the recipient and the weight and type of species received. 

The energetic costs of cooperative and solitary fishing were measured using the 
Energy Expenditure Prediction Program (EEPP) developed by the Center for 
Ergonomics at the University of Michigan. EEPP is a software program that pre- 
dicts the energy expenditure of an individual engaged in an activity by calculating 
the metabolic energy expenditure of the sum of simple task elements of the activ- 
ity (see Sosis 1997 for a more detailed description of EEPP and its use in this 
study). All statistical analyses were conducted using SAS. 

RESULTS 

Subsistence 

The people of Ifaluk maintain a subsistence economy. The diet largely consists 
of pelagic and reef fish, taro, breadfruit, and coconut. Pigs, chickens, and dogs are 
also raised for consumption, but they are usually prepared only for bimonthly 
feasts. White rice is the most frequently purchased food product, although riot a 1  
residents can afford it. There is no refrigeration on Ifaluk. Fish are occasionally 
smoked, but Competition with the dogs, cats, and rats makes Iong-term storage dif- 
ficult. For a more detailed description of subsistence on Ifaluk see Sosis 1997. 

Fish is the primary source of protein and fats for the people of Ifaluk. Only 
males participate in fishing activities. Fishing on Ifaluk can be considered in two 
categories: solitary fishing and cooperative fishing. All solitary fishing methods 
exploit reef fish in Ifaluk’s lagoon. During the observation period (n = 98 days), 
solitary fishing resulted in the capture of 62 different species of reef fish. The main 
type of solitary fishing during the trade wind season is line fishing with bait.5 
Octopus and land crabs are most frequently used as bait. Almost all males over 15 
years of age own the solitary outrigger canoes used for line fishing. Spear and trap 
fishing were also observed during the trade wind season (see Burrows and Spiro 
1957 for a description). During the observation period, only 15 of 45 males who 
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stored their outrigger canoes on Falalop engaged in any form of solitary fishing, 
and their returns account for only 2.2% of the fish caught during this period.6 

Cooperative sail-fishing accounts for 87.7% of a11 fish caught in the observa- 
tion period (Sosis 1997). Most mornings during the trade wind season from Octo- 
ber through May, males congregate at the central canoe hut on Falalop in 
preparation for the daily cooperative sail-fishing. After the canoes are prepared, all 
the males who are present help to push each canoe that will be sailing that morn- 
ing into the lagoon. The canoes are then sailed outside the reef where the men fish 
for large pelagic fish such as yellow fin tuna, rnahi mahi, and barracuda. Upon 
their return, the men throw their catch into a pile that is distributed by a divider 
after all the canoes have returned (see below). 

There are four large sailing canoes on Falalop and eleven on Falachig. Each 
canoe is owned and maintained by a specific matriline, and hence compound. Each 
compound is historically associated with a particular canoe, and males are 
expected to fish on the canoe that is associated with the compound in which they 
were raised. Indeed, 86.4% (n = 815) of the observed time that males fished they 
sailed on the canoe that was associated with their natal compound. Although res- 
idence patterns are matrilocal, married men fished on the canoe associated with 
their wife’s compound only 5.6% (n = 177) of the times they fished. Despite the 
consistency with which males adhere to cultural expectations, these rules appear 
flexible, especially when there are not enough males to man a particuIar canoe. 

Distribution of solitarily acquired fish 

Fish acquired by solitary means are the property of the fisherman. Some of the 
reef fish that men catch are taboo for women to eat. Often when these species are 
caught the fisherman will build a fire and cook the fish on the shore and invite any 
male over 14 years of age to join him in a small feast. During 54 observed solitary 
fishing events, 11 of the 62 species caught were taboo for women to eat, consti- 
tuting 17.0% of the total weight of all solitarily acquired fish. An average of 76.8% 
(s.d. = 3 1 .O%; y1 = 35) of fish caught by solitary means was consumed by the fish- 
erman and his residential compound. During 19 of 35 observed sharing events, 
there was no sharing outside of the fisherman’s residential compound. 

Distribution of cooperatively acquired fish 

There are a variety of distribution patterns for fish caught during cooperative 
fishing events. Betzig (1 988) has previously described the fish distribution patterns 
on Ifaluk following cooperative net fishing, which occurs approximately once 
every two weeks during the summer. Here I will describe the fish distribution pat- 
terns following cooperative sail-fishing, which occurs exclusively in the trade wind 
season. Upon return from a morning’s cooperative sail-fishing event, fishermen 
from each canoe throw their catch into a communal pile that is distributed after all 
the canoes return. On Falalop atoll, two men have the inherited responsibility of 



444 Richard Sosis 

dividing the fish. The dividers determine the type of distribution and the amount of 
fish that is allocated to each recipient. During the 1994-1995 field session I 
observed five patterns of fish distribution following cooperative sail-fishing events 
on Falalop atoll. Multiple distribution types were often observed at the same dis- 
tribution event. The five types are: 

1. Canoe owner distribution (shuliwu): During a canoe owner distribution, 
compounds that own canoes receive the catch of their canoe. Table 20.1 
shows which compounds own a canoe on Falalop atoll. A canoe-owning 
compound that receives fish subsequently redistributes the fish to other 
compounds, unless the catch is particularly small. Canoe-owning com- 
pounds retained an average of 59.7% (s.d. = 25.0%; rz = 24) of the fish they 
produced. Redistributed fish are generally directed toward compounds 
where kin and men who fished on the canoe reside. Indeed, multiple 
regression analysis (Table 20.2) indicates that the number of males from a 
compound who fished on the canoe of the redistributing compound is a sig- 
nificant predictor of the amount of fish a compound receives from a canoe 
owner redistribution. Whether any resident of a compound is closely 
related to the matriarch or patriarch of the redistributing compound is a 
nearly significant predictor of the amount of fish received. 

2. Village-level ilet distribution CfeZung): Villages on Ifaluk are composed of 
plots of land that are owned by the matriline of particular compounds. Plots 
of land each have an ilet value, which affects the flow of food resources 
contributed and received by the owners of the land. Plots are valued at 1 
ilet, with the exception of two plots that are valued at 2 ilet. Ownership of 
land within a village is not restricted to compounds Iocated in the village. 

Table 20.2. 

Full model F = 165.078, df = 3, p < -0001 
r2 = .37 
n = 840 events 

Multiple regression analysis of the amount of fish (kg) received from canoe 
owner redistributions by compound 

independent variable parameter estimate standard error p value 

number of fishermen from 1.2206 
compound who fished on canoe 
of redistributing compound 

compound related* 0.0988 
amount of fish (kg) initially 0.001 

distributed to canoe owning 
redistributing compound 

0.0643 <.ooo 1 

0.0585 0.09 14 
0.0016 <.0001 

"variable was input as 1 if anyone in the compound shared a coefficient of relatedness of 0.5 with the 
matriarch or patriarch of the redistributing compound, and 0 if nobody in the compound shared 
a coefficient of relatedness of 0.5 with matriarch or patriarch of the redistributing compound 
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Indeed, several compounds on Falachig atoll own land (and hence rnain- 
tain ilet) within villages on Falalop atoll. On Falalop, cornpounds possess 
between one and three plots of land, and the total i k t  maintained by com- 
pounds is also between one and three. Table 20.3 presents the number of 
ilet within Iyeur and Iyefang villages by compound and location of corn- 
pound. There are 19 iEet in Iyeur (representing 184 residents) and 11 ilet in 
Iyefang (representing 135 residents). On Falalop, the number of ilet owned 
by a compound is positively correlated with the number of residents in the 
cornpound (Y = .72, p = ,008). 

During a village-level iEet distribution fish are divided into two piles, 
one for Iyeur village and one for Iyefang village. From these piles each 
compound receives an amount of fish proportional to the number of ilet it 
possesses. The pile of fish for Iyeur village was typically slightly larger, but 
not proportional to the greater number of iEet or the greater number of res- 
idents represented by the ilet of Iyeur (n = 17 events, Iyeur mean = 69 kg, 
Iyefang mean = 63 kg).7 One or two women from each compound that 
owns ilet within the village convene at their respective piles to cook and 
redistribute the fish. The eldest women present are in charge of the redis- 
tribution. The amount of fish that each compound receives is ideally deter- 

Table 20.3. Number of ilet and compound location of compounds which possess ilet 
on Falalop Atoll 

compound compound number of ilet number of ilet village of 
id number name in Iyeur in Iyefang compound 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

~~ 

Imtaifou 
Ilug 
Harowchang 
Falichel 
Faligliow 
Hawong 
Woluwar 
Falul 
Mataligob 
HapeImat 
Bwabwa 
Niwegitob 
Falfeliu w 
Welipiy e 
Halingelou 
Mai yefang 
Hagotag 
Hatibugot 
Somat 
totaI: 

1 
2 
3 
2 
2 
3 
0 
0 
0 
0 
0 
2 
1 
1 
1 
1 
0 
0 
0 

19 

1 
0 
0 
0 
0 
0 
3 
1 
1 
1 
1 
0 
0 
0 
0 
0 
1 
1 
1 

11 

Iy efang 
Iyeur 
Iyeur 
Iyeur 
Iyeur 
Iyeur 
Iyefang 
lye fang 
Iyefang 
Iyefang 
Iyefang 
Iy efang 
Rawaii 
Rawaii 
Rawaii 
Mukulong 
Rawaii 
Rawaii 
Rawaii 
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mined by the number of iEet that a compound possesses. Compounds that 
have 1 ilet expect to receive half as much fish from a redistribution as com- 
pounds that have 2 ilet, and one-third as much fish as compounds that have 
3 ilet. For example, if a compound owns 2 ilet in Iyeur village, the com- 
pound expects to receive 2/19 of the total amount of fish received by Iyeur 
village. 

As Figure 20.1 shows, the amount of fish that compounds actually 
received from observed village-level ilet distributions closely matches the 
amount of fish that compounds are predicted to receive. In other words, 
compounds with 2 ilet received roughly twice as much fish as compounds 
with 1 ilet, and compounds with 3 ilet received roughly three times as 
much fish as compounds with 1 ilet. In addition, only compounds that pos- 
sess ilet within a village received fish from the redistribution. Compounds 
1-12 are located on Falalop atoll and compounds 13-36 are located on 
Falachig atoll. These graphs show that compounds located on Falachig 
atoll tend to receive slightly less than predicted by a village-level ilet dis- 
tribution and compounds located on Falalop atoll tend to receive slightly 
more than predicted by a village-level ilet distribution. 

3. Atoll-level ilet distribution (rnetalilet): Similar to a village-level ilet distri- 
bution, in an atoll-level ilet distribution fish are distributed according to ilet. 
However, during an atoll-level ilet distribution fish are distributed directly 
from the canoe house to the compounds. Therefore, if as above a compound 
owns 2 ilet in Iyeur, the compound will. receive 24 19+1 I} or 1II 5 of the total 
catch distributed via an atoll-level ilet distribution. Since Iyeur does not 
receive fish during a village-level ilet distribution proportional to the num- 
ber of ilet in Iyeur (Iyeur on average receives 52.3% of the fish [n = 171 but 
maintains 63.3% of the ilet), compounds that have ilet located in Iyeur 
receive a greater proportion of the total catch during an atoll-level ilet dis- 
tribution than during a village-level ilet distribution, whereas the converse 
is true of compounds that possess ilet in Iyefang village. 

4. Fishermen distribution (gagolagol): Fish are distributed directly to males 
who fished on the canoe that caught the fish. Fish are subsequently cooked 
and consumed by the residential compound of the fisherman. Fishermen 
distributions apparently take two forms. In the first type fish are divided 
equally amongst all of the crew members (egalitarian distribution). In the 
second type fish are distributed separately to any residents of Falachig that 
participated in the fishing event (Falachig resident distribution). 

5. Men’s feast ( ya$ileo/giubul): Fish are cooked at the men’s house and eaten 
by any male over 14 years old who desires to eat. 

These distribution patterns can be classified as primary and secondary distribution 
types. The primary distribution types (canoe owner, village-level ilet, and atoll- 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 

compound id number (112 Falalop, 13-36 Falachlg) 

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 I f 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1 3 2 J 3 3 4 3 5 3 6  

compound Id number (112 Falalop, 13-36 Falachig) 

Figure 20.1. Predicted and observed percentage of fish received from village-level 
redistribution to compounds from (a) lyeur village and (b) lyefang village. 

ilet 
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level ilet) never co-occur, and nearly all distributions include one of these distri- 
bution types. The secondary distribution types (men’s feast and fishermen distri- 
bution) generally occur in conjunction with one of the primary distribution types 
or with the other secondary distribution type. Table 20.4 presents the frequency 
that each distribution type was observed. The most frequently observed distribu- 
tion type was the canoe-owner distribution, which occurred during 63.1% of all 
distribution events. Table 20.5 presents the percentage of fish that was distributed 
via each distribution type during the observation period. The primary distribution 
types account for more than 90% of the total fish distributed. Canoe-owner and 
village-level ilet distributions were clearly the most important distribution types 
observed. Together these distributions account for 80.9% of the total fish distrib- 
uted and occur during 89.2% of a11 fish distributions. 

Determinants of distribution of cooperatively 
acquired fish 

Following a cooperative sail-fishing event, how do the dividers determine the 
distribution that will be used to disburse the catch? The most important determi- 
nant of distribution type appears to be the size of the catch. Figure 20.2 presents 
each distribution type by the total weight of fish caught. 

Table 20.4. 

number of observation days = 98 

Frequency of fish distribution types observed on Falalop atoll following coop- 
erative sail-fishing events 

observed frequency 

cooperative sail-fishing events 
cooperative sail-fishing events with no catch 
fish distribution events following cooperative sail-fishing 

79 
14 
65 

~~ ~ 

Distribution Types observed frequency % of total distribution events 

canoe owner 23 35.4 
canoe owner, men’s feast I6 24.6 
canoe owner, men’s feast, Falachig resident 1 1.5 
canoe owner, men’s feast, egalitarian 1 1.5 
village-level ilet 6 9.2 
village-level ilet, men’s feast 6 9.2 
village-level ilet, men’s feast, Falachig 

resident 4 6.2 
village-level ilet, Falachig resident 1 I .5 
men’s feast 3 4.6 
men’s feast, egalitarian 1 1.5 
atoll-level ilet, men’s feast, Falachig resident 3 4.6 
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Table 20.5. Total amount of fish distributed following cooperative sail-fishing 
events by distribution type (n = 65 distribution events) 

distribution type 
total amount 

distributed (kg) 
percentage of rota1 
amount distributed 

canoe owner 
village-level ilet 
atoll-level ilet 
Falachig resident 
egalitarian 
men’s feast 
total: 

1271.5 
241 1.3 
445.4 

82.7 
23.5 

316.8 
455 1.2 

27.9 
53.0 

9.8 
1.8 
0.5 
7 .O 

100.00 

350 

300 

E ul 
0 

200 

1 

150 

m 

50 

Figure 20.2. Total amount caught by distribution type (n = 65 distribution events). 

Primary distribution types Figure 20.2 shows that when the catch is small, 
fish are distributed via canoe owner distributions, and when the catch is large, fish 
are distributed via i k t  distributions. Table 20.6 presents the results of a logistic 
regression procedure where primary distribution type (canoe owner or ilet) is the 
response variable, and the total weight of the catch, number of fishermen, number 
of canoes that fished, and number of fish caught are predictor variables. The results 
show that the total weight of the catch is a significant predictor of whether a dis- 
tribution is either a canoe-owner or an ilet distribution. The number of fishermen, 
number of canoes, and the number of fish caught do not have independent signif- 
icant effects on the distribution type. Figure 20.3 indicates that the total amount 
caught is a function of the number of males who fish. 
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Table 20.6. 
dependent variable: distribution type 

canoe owner distribution = 0 
ilet distribution (village-level or atoll-level) = 1 

Logistic regression analysis of the probability of a distribution type occumng 

independent variable parameter estimate standard error p value 

-2 log likelihood for model covariates 
= 56.2; p < .0001 

= 60* 
df=4  

total amount caught (kg) 0.0625 0.0238 0.0085 
total number of fish caught 0.0858 0.0529 0.1051 
number of canoes 0.6137 1.4381 0.6696 
number of fishermen 4.1434 0.3817 0.707 1 

*data on number of fishermen is missing for 1 event 
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Figure 20.3. Total amount caught for 78 cooperative sail-fishing events by number of fish- 
ermen (F = 9.34, p c.001, df = 2). 
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Although the current data set does not show a significant difference in the size 
of the catch when village-level or atoll-level ilet distributions occur, I expect that 
with an increased sample size the data would show that the largest catches are dis- 
tributed via atoll-level ilet distributions. However, the main distinguishing feature 
between village-level and atoll-level iEet distributions is the divisibility of the 
catch, i.e., the number of fish caught. The range of the number of fish caught when 
fish were distributed via village-level ilet distributions was 9-39 with a mean of 
18.1 (n = 17 events), whereas the range of the number of fish caught when fish 
were distributed via an atoll-level ilet distribution was 52-267 with a mean of 
126.3 (n = 3 events). If there are enough fish to distribute via an ilet distribution 
without any processing, fish are distributed by the men via atoll-level iEet distri- 
butions. If not, fish are cut, cooked, and distributed by the women via village-level 
ilet distributions. 

Secondary distribution types Egalitarian distributions occur when the total 
weight of the fish caught is small, but the number of fish caught is large (i.e,’ prey 
size is small). The total weight of the catch for the two observed egalitarian distri- 
butions was 33.8 kg and 22.4 kg. If we consider all distributions where the total 
catch weighed 20-35 kg, it is clear that there is a significant difference between 
the number of fish caught when fish are distributed via egalitarian versus other dis- 
tributions. The total number of fish caught during each of the egalitarian distribu- 
tions was 48, whereas the total catch from the nine other distributions (20-35 kg 
each) ranged from 3 to 5 fish, with a mean of 3.7. 

Falachig resident distributions occurred only when a male from Falachig fished 
and a large quantity of fish was caught. Eight of the nine Falachig distributions 
occurred in conjunction with an iEet type of distribution. In other words, Falachig 
resident distributions compensated Falachig fishermen for their fishing effort 
under conditions where they would otherwise not receive fish, since Falachig res- 
idents are unlikely to reside in compounds that possess ilet on Falalop. 

Although Figure 20.2 shows that men’s feasts occur for all catch sizes, they are 
more likely to occur when the total amount caught is large. Men’s feasts occurred 
during 11 of 12 events (92%) where the total catch was >125 kg, and only 24 of 
53 events (45%) where the total catch was 1125 kg. When men’s feasts occur, they 
account for only 10.0% (n = 35) of the fish distributed. 

To summarize the primary distribution pattern, if few fish are caught, corn- 
pounds that own canoes receive the catch of their canoe. These compounds typi- 
cally retain most of the catch. Fish that are redistributed are primarily directed 
towards compounds where related kin and males who fished on the canoe of the 
redistributing compound reside. If the size of the catch is large, fish will be dis- 
tributed throughout the atoll either via village-level or atoll-level ilet distributions, 
Regardless of whether or not an individual cooperatively fished, he (or more 
specifically, his residential compound) will receive a fixed percentage of the fish 
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distributed. Secondary distribution patterns account for less than 10% of all fish 
distributed and appear to be aimed at rewarding those who fished (egalitarian and 
Falachig resident) as well as assuring that all men can eat a meal of fish regardless 
of their effort or fishing success (men’s feast). 

The fish distribution patterns following cooperative sail-fishing events are a 
mix of investment-based distribution types (canoe-owner, egalitarian, and 
Falachig resident), which reward men who fish, and population-wide distributions 
(ilet), which ensure that all residents, or at least all male residents (in the case of 
men’s feasts), receive fish regardless of their participation in production. If fish are 
caught, men who fished ordinarily receive some of the catch. Free riders can only 
expect to receive fish for their families infrequently; population-wide distributions 
(village-level or atoll-level ilet) occurred in only 30.8% of all observed distribu- 
tions. Thus, although there is potential for free riding when fish are distributed to 
all residents on the atoll, the investment-based distribution types limit the success 
of a free riding strategy. 

EMERGENCE OF COOPERATIVE FISHING ON IFALUK 

Sail-fishing on Ifaluk meets the necessary conditions set in equation 2 for the 
emergence of cooperative foraging. The mean per capita cooperative sail-fishing 
production rate is 1.57 kg/hr (36 individuals, 980 events) and the mean per capita 
solitary fishing (all types of solitary fishing) production rate is 0.86 kghr (12 indi- 
viduals,x 54 events). The energetic costs of cooperative and solitary fishing were 
measured using the EEPP and calculated as 4.7 kcal/min and 4.9 kcal/min, respec- 
tively. There are 1,080 calories in 1 kilogram of raw yellow fin tuna (Genesis R&D 
Nutrition and Labeling Software), which was the primary species of fish caught 
cooperatively (89% of the total kilograms of fish caught cooperatively was yellow 
fin tuna [n = 79 events]). For solitary fishing, since there are 62 different species 
in my sample, an average of the caloric values of 5 species of reef fish (1,074 kcal) 
was used as an estimate of the caloric value of reef fish. Thus, the mean per capita 
net production rate of cooperative sail-fishing is 1,408.8 kcal/hr and the mean per 
capita net production rate of solitary fishing is 630.0 kcal/hr. This difference is sig- 
nificant (t = 7.11, df = 156.6, p c ,0001). The mean per capita net cooperative sail- 
fishing production rate of the 12 solitary fishermen is 1,467.6 kcal/hr (355 events), 
which is also significantly higher than the mean per capita net solitary production 
rate of those men ( t  = 5.79, df = 300.5, p <.0001). 

However, as a result o f  the biases in the distribution patterns described above, 
cooperation may not emerge if men who fish cooperatively have lower consump- 
tion rates than men who fish alone. By assuming the empirically observed distri- 
bution patterns, the consumption rates for cooperative and solitary fishing were 
calculated as the amount of fish received by ego’s residential compound divided 
by the amount of time ego fished. Based on my personal observations, I am assum- 



The Emergence and Stability of Cooperative Fishing 453 

ing that the within-compound sharing patterns are the same for fish caught coop- 
eratively or solitarily. The mean per capita net consumption rate for cooperative 
fishing is -139.8 kcalhr (36 individuals, 950 events) and the mean per capita net 
solitary fishing production rate is -254.6 kcalhr (8 individuals, 35 events). This 
difference is significant ( t  = 11.57, df = 94.5, p < .0001). The mean per capita net 
cooperative sail-fishing consumption rate of the 12 solitary fishermen is -130.7 
kcalhr (397 events), which is also significantly higher than the mean per capita 
solitary production rate ( t  = 9.94, df = 193.3, p < .0001).9 

STABILITY OF COOPERATIVE FISHING ON IFALUK 

Cooperative fishing on Ifaluk will be stable as long as the net benefits of coop- 
eration outweigh the net benefits of not cooperating. Given the bias in the sharing 
patterns on Ifaluk, these conditions will vary considerably between individuals. 
When a man decides whether or not to fish it is assumed that he makes this deci- 
sion based on an evaluation of his expected payoff-in other words, the fitness 
gains that he can expect given the way that fish he produces will be distributed. In 
many cases this will be a monotonically increasing function of the net kilograms 
of fish that he and his close kin will consume as a result of his fishing effort. This 
assumption is adopted in the model below. Here I assume the sharing pattern and 
its determinants rather than try to explain it. 

Fishing is a probabilistic activity with high variance in returns even for the most 
skilled fishermen. Environmental cues such as rainfall, wind patterns, strength of 
the tide, and the amount that was caught on the previous day can indicate better or 
worse fishing conditions; however, a fisherman does not know beforehand what 
his actual returns will be. Under the cooperative conditions of fishing on Ifaluk, 
environmental cues must also be coupled with knowledge of how others will 
respond to these cues for a fisherman to assess what his actual return rate will be. 

For each male at risk to participate in a cooperative fishing event, there is an 
amount of fish that he expects to receive given the amount of fish that are caught, 
the distribution type, and whether or not he participated in the event. For each 
number of fishermen there is some probability that a specific distribution type will 
occur. Knowledge of these parameters will enable us to calculate a rnaIe’s 
expected payoff in nutritional gains if he fishes or does not fish for each number 
of fishermen. We anticipate that when a male’s expected payoff for cooperative 
sail-fishing is greater than his expected payoff for not cooperating he will fish 
cooperatively. Thus, we expect individual k to join a group of n fishermen if 

(3) 

where Yck = individual k’s net caloric gain from participating in a cooperative sail- 
fishing event and Ydk = individual k’s net caloric gain from not participating in a 
cooperative sail-fishing event. This model assumes that: 

Y,,(n + 1) > Y,,<n> 
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1.  

2. 

3. 

4. 

Individuals are free to decide whether or not to participate in any coopera- 
tive sail-fishing event. 
Individual decisions to join or leave a group of fishermen are independent 
(i.e., the model is static). 
Individual decisions to join or leave a group of fishermen are only based on 
an evaluation of individual caloric intake. The additional caloric benefits 
accrued by km are not included in the model. 
Individuals possess accurate knowledge of how their caloric payoffs vary 
with the number of participants in a cooperative fishing event. 

This model additionally assumes that individuals know the number of members 
in the group they are deciding whether or not to join, Under the conditions of 
cooperative fishing on Ifaluk, this assumption appears to be violated; individuals 
do not know exactly how many men will be fishing until they arrive at the canoe 
house in the morning. However, it seems likely that the same ecological cues that 
indicate the quality of the fishing conditions are also used to determine how many 
others will fish on a given morning. Therefore, it is reasonable to assume that men 
can assess with some accuracy how many males will fish on a given day. For 
example, the total amount that was caught on the previous day appears to be an 
important determinant of individual fishing decisions. Table 20.7 presents the 
results of a logistic regression analysis where the dependent variable is whether or 
not an individual fished and the independent variable is the total amount of fish 
caught on the previous day. The results indicate that, controlling fur participation 
on the previous day, the total amount caught on the previous day is a significant 
positive predictor of cooperative sail-fishing participation. In other words, if the 
catch on the previous day was large, it is probably a reliable indication that fish- 
ing returns will be favorable today. It is also probably one of many cues used to 
assess the number of men that will fish on a given day.l0 

Table 20.7. Logistic regression analysis of the probability of cooperative sail-fishing 

parurnerer standard 
independent variable estimate error p value 

-2 Log likelihood for model covariates = 

d f = 2  
871.3 ,~  < .0001 

n = 4999 
total amount of fish caught (kg) on 

fishing status on previous day 
participated in cooperative fishing event = 1 
did not participate in cooperative fishing 
event = 0 

previous day 0.0042 
2.6224 

0.0006 
0.0963 

<.0001 
<.OOOl 
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The currency of this model is the net gain rate per day. The return rate per hour 
is often the currency of choice among evolutionary ecologists; however, if free rid- 
ing is an available strategy (resources can be acquired without time investment), 
return rate per hour is not an interpretable currency. Therefore, the difference 
between output (caloric gains) and input (caloric expenditure) was used as a cur- 
rency to measure individual fitness gains, which is simply the return rate per day. 

Given knowledge of the distribution patterns as well as the frequency of distri- 
bution types across number of fishermen,ll we can more accurately define equa- 
tion 3 as 

where: 

P, = probability of a distribution type occurring 

Z,. = caloric gains individual k’s residential compound expects to receive 
from a distribution type if k fishes 

Isdk = caloric gains individual k’s residential compound expects to receive 
from a distribution type if k does not fish 

c = canoe owner distribution 

v = village-level iEat distribution 

a = atoll-level iEet distribution 

Y = Falachig resident distribution 

rn = men’s feast 

Ek = individual k’s cooperative sail-fishing expected energy expenditure 

Tk = consumer ratio, proportion of fish received by individual k’s residential 
compound that individual k consumes 

We can consider equation 4 in two parts. The left-hand side of the equation is 
individual k’s expected payoff if he fishes and the right-hand side is k’s expected 
payoff if he does not fish. The expected caloric gains if individual k fishes (LHS) is 
the probability of a distribution type occurring as a function of the number of fish- 
ermen if k fishes, multiplied by the expected caloric payoff of individual k for the 
distribution type, as a function of the number of fishermen if individual k fishes. 
Since fish are given to compounds and not directly to individuals (with the excep- 
tion of the men’s feast)12 distribution types must be multiplied by the proportion of 
fish received by individual k’s residential compound that k will consume, Tk, which 
is called the consumer ratio. It is assumed that food is shared equitably within a 
compound but that an individual will consume an amount of fish in relation to his 
or her age, sex, and weight.13 The five distribution-type payoff probabilities are 
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summed and the expected caloric expenditure of individual k is subtracted from this 
value. Individual k's expected payoff if he does not fish (RHS) is calculated as the 
probability of a distribution type occurring as a function of the number of fisher- 
men if he does not fish, multiplied by the expected caloric payoff of individual k for 
the distribution type, as a function of the number of fishermen if individual k does 
not fish. As on the LHS of equation 4, the distribution payoff probabilities must be 
muhiplied by k's consumer ratio and all five distribution-type payoff probabilities 
are summed. 

Distribution type as a function of number of fisherman 

In order to test the model presented fur the stability of cooperation empirically 
it is necessary to calculate the hazard of a distribution type as a function of the num- 
ber of fishermen. The hazard is simply the probability that an event will occur given 
that it is possible for the event to occur. Hazard functions were calculated for each 
distribution type using data from 78 observed cooperative sail-fishing events. l4 Fig- 
ures 20.4a4 present the probability of a distribution type occurring by the number 
of men that participate in a cooperative sail-fishing event. Functions were caIcu- 
lated as the least squares fit for the data using a set of linear and second-order poly- 
nomial functions. Figure 20.4a shows that the probability of a canoe-owner 
distribution occurring decreases linearly as the number of fishermen increases. The 
function that depicts this trend, y = -.0165x + .6977, was put into equation 4 as 
P&), where x is the number of men who participate in a cooperative fishing event. 
Similarly, the function y = .0263x-.076&, which characterizes the probability of a 
village-level iEed distribution occurring by number of fishermen (see Figure 20.4b, 
was put into equation 4 as P,(x). Figures 20.4~-e present the functions that char- 
acterize the probability of atoll-level ilet, men's feast, and Falachig resident distri- 
butions occurring by number of fishermen, respectively. These functions were 
entered into equation 4 as P,(x), P,(x>, and P,(x), respectively. 

Mean share of returns by distribution type 

Individuals from different compounds expect to receive a different share of the 
catch for a given distribution type. Using quantitative data on the amount distrib- 
uted to each compound following cooperative sail-fishing events, a function was 
calculated for each residential compound of the 60 men in the risk set for each dis- 
tribution type. 

Canoe owner distribution Figure 20.5a presents the average amount of fish 
received by compound 4 from a canoe-owner distribution by number of fishermen. 
It was shown above (Table 20.2) that participation affects the amount of fish that an 
individual can expect to receive via a canoe-owner distribution. Therefore the data 
in Figure 20.5a are separated by whether or not any resident of the cornpound par- 
ticipated in the fishing event. The functions that describe the data shown in Figure 
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Figwe 20.4. The hazard of a (a) canoe owner, (b) village-level itet, (c)  atoll-level ilet, (d) 
Falachig resident, and (e) men's feast distribution as a function of the number of men 
who participate in a cooperative sail-fishing event. These functions were put into equa- 
tion 4 as PJx), P,(x), P,(x), P,(x), and P,(x), respectively. 

20.5a are curvilinear with a peak between ten and eleven fishermen. As more men 
participate in a cooperative fishing event, fish are not likely to be distributed via a 
distribution unless the catch is particularly small. The polynomial functions that 
characterize the data in Figure 20.5a (as well as the functions calculated for each 
compound, which are not presented here) were put into equation 4 as Icfi(x) and 
I,&), respectively. Although the absolute amount of fish received from canoe- 
owner distributions by each compound varies, the shape of the functions that char- 
acterize the data (i.e., curvilinear with a peak around 10 fishermen) is similar for 
all compounds. 

Because of a lack of data on fishing activity by residents of several compounds, 
canoe owner distribution data had to be averaged across a set of variables that 
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Figure 20.5. (a) Average amount of fish received by compound 4 from canoe owner redis- 
tribution by total number of fishermen. Data are separated by events when I or more men 
from compound 4 fished (solid triangles and thick line), and events when no men from 
compound 4 fished (open circles and thin line). (b) Average amount of fish received by 
non-canoe-owning compounds on Falalop from canoe owner redistribution if 1 or more 
males from compound fishes, by total number of fishermen. 
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characterize the compound. For example, no male residents of compound 8 ever 
cooperatively sail-fished. Therefore we do not know what function describes the 
relationship between expected returns of compound 8 and the number of fisher- 
men when someone from compound 8 fishes. In this and similar circumstances 
data were combined across two variables: whether or not the compound owned a 
canoe, and location of compound, either Falalop or Falachig atoll. Compound 8 is 
a non-canoe-owning compound located on Falalop. Figure 20.5b presents the 
average amount of fish received by all non-canoe-owning compounds located on 
Falalop atoll when one resident from the compound participated in a cooperative 
sail-fishing event. The function y = -.0103x2 + ,2234~-  .4685, which describes the 
combined data, was put into equation 4 for compound 8 as I (x).  This appears to 
be the most parsimonious solution to the problem of nonparticipation in estimat- 
ing expected payoffs; individuals that never cooperatively fish can only know what 
their payoffs would be through knowledge of what others are receiving when they 
fish. 

‘F 

VikZage-level ilet d ~ ~ t r ~ ~ ~ ~ ~ ~ n  Figure 20.4a presents the average amount of 
fish received from a village-level ilet distribution by number of fishermen for com- 
pound 7. The data are characterized by the function y = -0.004~2 + 1.708 - I .  1. 
For compound 7, this function was put into equation 4 as IVfi(x) and Ivdk(x). The 
shape of the function that characterizes the data in Figure 20.6a is similar for all 
compounds, although each compound will have a distinct function that character- 
izes the amount of fish the compound receives during a village-level ilet distribu- 
tion. It is not necessary to calculate separate functions that are dependent upon 
whether or not anyone from compound 7 cooperatively fished. Participation has 
no effect on the amount of fish that a compound will receive for village-level itet, 
atoll-level ilet, or men’s feast distributions (although the addition of one fisherman 
will increase the expected amount caught, and hence the amount distributed). 

Atoll-he2 ilet distribution Atoll-level ilet distributions were only observed 
three times during the observation period. Therefore, the data are insufficient to 
determine what function characterizes the relationship between the amount 
received during an atoll-level ilet distribution and the number of fishermen. For 
each compound the mean percentage received of the total amount distributed via 
atoll-level ilet distributions was calculated and entered into equation 4 as IOfl(x) 
and &&(x). 

Falachig resident distribution Males at risk of receiving fish from a Falachig 
resident distribution are assumed to receive equal amounts of fish as a function of 
the number of fishermen. In other words, in contrast to other distribution types, it 
was assumed that there is no variation in the amount received by residential com- 
pounds of Falachig fishermen via Falachig resident distributions. This assumption 
is necessary because of the’ small number of Falachig resident distributions (n = 



av
er

ag
e 

am
o

u
n

t o
f f

is
h

 
(k

g)
 d

is
tr

ib
u

te
d

 v
ia

 m
en

's
 

fe
as

t 

0
.

P
O

D
I

u
J

Q
)

O
 

n
 

C
I 

W
 

av
er

ag
e 

am
ou

nt
 o

f f
is

h
 

(k
g

) r
ec

ei
ve

d 
fr

om
 

F
al

ac
h

ig
 re

si
d

en
t 

d
is

tr
ib

u
ti

o
n

 

2
 

0
 

I 
U

 

av
er

ag
e 

am
o

u
n

t o
f f

is
h

 
re

ce
iv

ed
 fr

o
m

 v
ill

ag
e-

le
ve

l 
il

et
 d

is
tr

ib
u

ti
o

n
 (k

g)
 

& 0 



The Emergence and Stability of Cooperative Fishing 46 1 

9), however, since there was no expectation of a systematic bias in the amount 
received by Falachig residents at the observed distributions (e.g., if two Falachig 
residents fished, their residential compounds would receive an equal quantity of 
fish), it is unlikely that an increased sample size of Falachig resident distribution 
events would affect this assumption. Figure 20.6b shows the average amount of 
fish received by a Falachig compound from a Falachig resident distribution by 
number of fishermen. The function, that characterizes this data, y = 0.382~ - 
4.5 1 1, was entered into equation 4 as I@(X) for those individuals at risk of receiv- 
ing fish via a Falachig resident distribution. Irdk(x) is always zero since a Falachig 
resident must fish in order to receive fish via a Falachig resident distribution. 

Men’s feast. Figure 2 0 . 6 ~  presents the relationship between the amount dis- 
tributed via men’s feasts and the number of participants in the fishing event. This 
function, y = -0.0599 + 1.753 x -1.693, multiplied by the ratio i, where N is the 
total number of men at risk of partaking in a men’s feast, was entered into equa- 
tion 4 as Imfl(x) and Imdk(x) (see note 12). It was assumed that there is an equal 
probability of any male who is at risk of cooperative sail-fishing of partaking in a 
men’s feast, regardless of whether or not they actually fished.I5 

Energetic Expenditure 

As stated above, males on average expend 4.7 cal/min during cooperative sail- 
fishing. Males on average cooperatively sail-fished 179.7 minutes per event, thus 
expending 844.6 calories per event. In most traditional societies, protein is valued 
more than alternative calorie sources such as carbohydrates because of its scarcity 
or expense of acquisition. On Ifaluk we are able to determine precisely how much 
more protein is valued than carbohydrates because both can be assigned a mone- 
tary value. Parents of children enrolled at the Head Start program on Ifaluk can sell 
food for cash to Head Start (the option of providing food is rotated between par- 
ents). Food is sold raw and subsequently cooked by Head Start employees. The 
primary starch of the winter season is taro. Parents are paid $0.65 Ab. of tar0 
(485.3 kcal) and $1.20 /lb. of fish (489.9 kcal). Thus, parents can receive one dol- 
lar for 408.2 kcal of fish or 746.6 kcal of taro. Therefore we assume that a unit of 
carbohydrate holds .547 the value of a unit of protein. Although males on average 
expend 844.4 kcal during a cooperative sail-fishing event, this must be multiplied 
by ,547 when subtracted from gains in the currency of fish calories, owing to the 
higher value of fish relative to carbohydrate calories on Ifaluk.16 

Results of the Model 

Expected payoff curves were generated from equation 4 for each of the 60 
males at risk of cooperative sail-fishing. Males from the same compound have 
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similar expected payoff curves since fish are distributed to compounds and not 
directly to individuals, with the exception of men’s feasts. However, the variance 
in expected payoffs of males from different compounds is high. Each individual at 
risk has two payoff curves: one if he fishes and one if he does not fish. Figure 20.7 
shows a range of expected payoffs that males face. Notice that each set of payoff 
curves generates a different prediction concerning when a male will and will not 
fish. From Figure 20.7a we predict that male 209 from compound 7 will always 
fish since his payoff curve for fishing is always greater than his payoff curve for 
not fishing. Male 273 from compound 10 is predicted not to fish if fewer than 16 
other males fish, but he should always fish if he expects that 16 or more males will 
fish (Figure 20.7b). Male 157 from compound 18 is never expected to fish (Figure 
20.7~) and male 316 from compound 33 is predicted to fish only if he expects 17 
or more others to fish (Figure 20.76). We can also predict in Figures 20.7a-d that 
as the distance between the payoff curves increases a male’s payoffs for altema- 
tive decisions will become less ambiguous, and hence motivation will increase to 
either fish, if the difference is positive, or not fish, if the difference is negative. 

All payoff curves for the 60 males at risk of cooperative sail-fishing are monot- 
onically increasing. This is important because it implies that over the observed 
range of fishermen (2-21) there is no conflict between joiners and members. A 
member will always expect to receive higher payoffs if another male wants to join 
the fishing party. This is consistent with my observations that no male was ever 
turned away from a fishing event, and once at the canoe house no male ever 
decided not to fish, as long as men took out a canoe.17 

The model predictions can be compared with observed fishing behavior. Logis- 
tic regression analyses were conducted to test whether the model was a significant 
predictor of cooperative foraging decisions. The risk set for the analyses consists 
of the number of males at risk of participating in a cooperative sail-fishing event 
multiplied by the number of cooperative sail-fishing days. Over the 79 cooperative 
sail-fishing days, the number of males at risk (see “Methods”) changed 11 times 
and ranged between 50 and 60 men as a result of individuals aniving and depart- 
ing from Ifaluk. Thus, the total risk set consists of 4,083 person days. The depen- 
dent variable of the model is whether or not an individual fished. The independent 
variable was generated from the model as the difference in an individual’s 
expected payoff curves between fishing and not fishing. As the difference between 
the payoff curves increases, males should have greater motivation either to fish, if 
the difference is positive, or to not fish, if the difference is negative. Results of the 
logistic procedure presented in Table 20.8 indicate that the model is a highly sig- 
nificant positive predictor of male cooperative fishing decisions. The effect on 
cooperative fishing participation of the expected difference between an individ- 
ual’s payoff curves is substantial. For example, if the difference in payoff curves 
is -250 kcal, the hazard of cooperative fishing is 0.06, whereas if the difference in 
payoff curves is 250 kcal the hazard is 0.39. 
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Figure 20.7. Expected caloric payoff by number of  fishermen for (a) male id #209 of compound 7, (b) male id 
#273 of compound 10, (c) male id #I57 of compound 18, and (d) male id #316 of compound 33, Expected 
caloric payoffs when only 2 men fish are not shown since they are identical for all males (no fish were ever 
caught when only 2 men fished). Solid triangles denote the payoffs for not fishing and open squares denote 
the payoffs far fishing. The scale of the y-axes are not the same in each graph. 
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TabEe 20.8. Logistic regression analysis of the probability of cooperative sail-fishing 

independent variable 
parameter standard 
estimate error p value 

~~ 

-2 log likelihood for model covariates = 167.06, p 

d f = l  
n = 4083 
difference between cooperative fishing and not 

< .0001 

fishing expected payoff (kcal) 0.0045 0.0004 <.0001 

DISCUSSION 

Emergence of Cooperative Fishing on Ifaluk 

The simple model (equation 2)  presented above as a necessary condition for the 
emergence of cooperative foraging is consistent with our observations of fishing 
on Ifaluk. The per capita net production and consumption rates of cooperative sail- 
fishing are significantly greater than the per capita net production and consump- 
tion rates of solitary fishing. Given the twofold difference between solitary and 
cooperative production rates, why does solitary fishing occur at all? First, the 
weather conditions necessary for the success of both production activities are 
mutually exclusive. Cooperative sail-fishing requires strong winds and tide, 
whereas solitary fishing can only occur when the winds and tide are calm. Thus, 
when the winds and tide are caIm we expect the mean solitary fishing return rate 
to be much higher than the mean cooperative sail-fishing return rate. Second, only 
five males fished alone three or more times. Most males that attempted to solitary 
fish may have simply been trying their luck. Because schools of fish constantly 
move in and out of the lagoon where solitary fishing occurs, it may be worthwhile 
to occasionally assess the profitability of solitary fishing. 

It is often argued that Western influences such as individualism and capitalism 
have negative effects on the cooperative social structure of traditional societies 
(e.g., Bethlehem 1975; Meeker 1970). In many cases this may be true. Within Yap 
State, Ifaluk is the only atoll where men still regularly fish cooperatively. The most 
obvious explanation for the breakdown of cooperative fishing on the other atolls 
is the introduction of motor boats and freezers, both of which the chiefs have pro- 
hibited on Ifaluk. Motor boats can be operated solitarily with very high return 
rates, and large catches can be stored in a freezer for long-term consumption. My 
results suggest, however, that westernization may actually have a positive effect 
on the prevalence of cooperative fishing on Ifaluk. Time constraints imposed by 
institutionalized schooling, a product of American colonialism in Micronesia, has 
probably resuIted in a generation of males who are less skilled fishermen than their 
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ancestors. Less time to invest in acquiring fishing skills is likely to have a greater 
impact on solitary fishing success than on cooperative fishing success, since soli- 
tary fishing is a skill-intensive activity. Certain roles in cooperative sail-fishing are 
also highly skilled, such as locating patches of fish and directing the canoe, but 
only one or two members of the crew need to perform these tasks. The remainder 
of the tasks involved in cooperative fishing require almost no skill. Indeed, the 
author, who had never fished a day in his life prior to visiting Ifaluk, proved to be 
a productive crew member simply by holding a fishing line. Although some boys 
skip school occasionally to fish, most boys fish only on the weekends and holi- 
days. In addition, most males leave the atoll after the eighth grade to continue 
school on Woleai and then Ulithi, where the traditional fishing practiced on Ifaluk 
does not occur. Thus, with the introduction of Western schooling, males may not 
be acquiring the necessary fishing skills that would make solitary fishing a prof- 
itable winter activity. It is interesting to note that the individual who fished alone 
most frequently and maintained the highest mean solitary return rate had dropped 
out of school by second grade. 

Technology also plays an important role in the emergence of cooperation on 
Ifaluk. The resource patch that is being exploited on Ifaluk consists of distinct, 
large packages typically weighing 5-20 kg. The most important technology uti- 
lized to exploit this patch is the sailing canoe, which requires cooperative partici- 
pation. Operating a sailing canoe not only requires multiple individuals, it also 
necessitates a coordinated division of labor. Improvements in technology can also 
encourage cooperation by lowering the costs of acquisition. The recent transition 
from using heavy sails woven of palm fibers to lightweight American-made sails 
(purchased on Yap) has certainly lowered the energetic costs of Cooperative sail- 
fishing on Ifaluk. 

Stability of Cooperative Fishing on Ifaluk 

Although the necessary conditions for cooperative foraging seem to hold on 
Ifaluk, these conditions are not sufficient for cooperation to be stable. Stability of 
cooperative foraging requires a mechanism that either controls a free rider’s share 
of returns or imposes costs on free riders. The model presented here has specifi- 
cally considered the first of these mechanisms. Concerning the latter mechanism, 
it may be that cooperative behavior is promoted through social controls such as the 
negative effect of gossip on reputation, although the costs in terms of reproductive 
fitness of a negative reputation are difficult to measure. 

Unlike previous models of the evolution and stability of cooperation, which 
assume equal sharing among foragers or group members, the model presented 
here used empirically observed biases in the fish-sharing patterns on Ifaluk. The 
model has shown that the observed sharing patterns help us to predict the condi- 
tions under which an individual will join a cooperative pursuit. The sharing pat- 
terns appear to be the mechanism by which a free rider’s share of returns is limited. 
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Although the model is a significant predictor of cooperative fishing participa- 
tion, inclusion of at least two variables would improve the model’s ability to 
approximate the conditions of production on Ifaluk. These elements will provide 
the basis for future research on the evolution of cooperative fishing on Ifaluk. 

Opportunity costs One of the most notable shortcomings of the model is that 
the opportunity costs of cooperative sail-fishing have been ignored, primarily 
because of the difficulty in determining activities that were foregone. The most 
obvious consideration would be solitary fishing. However, the mutually exclusive 
weather conditions necessary for the success of these fishing activities makes this 
prospect unlikely. Another possibility is that the opportunity costs couId be mea- 
sured as a tradeoff between paternal care and cooperative fishing. However, the fit- 
ness benefits for men of, say, an hour of childcare may be much lower than the 
fitness benefits of an hour spent fishing, given an abundance of related female 
caregivers. Indeed, Sosis et al. (1998) found that the number of coresidential off- 
spring was positively correlated with cooperative fishing participation. The most 
prominent type of male childcare observed consisted of boys joining their fathers 
or kin on a sailing canoe. If we consider what males who are not fishing are doing 
while others are out fishing, it is not obvious how the opportunity costs could be 
measured. Males who are not fishing in the morning are typically sleeping. Gen- 
erally, males return from cooperative sail-fishing between 7:OO and 8:00 A.M., 

which is when males who do not fish usually begin their day. This may suggest 
that the opportunity costs to cooperative fishing could be measured as a tradeoff 
with somatic investment. 

Relatedness The model would also be greatly improved if it accounted for the 
effect of a male’s relatedness to the recipients of the catch on his fishing decisions, 
Preliminary analyses of a model that incorporates the amount of fish that a man 
expects his kin to receive into his payoff curves has yielded significant results 
(Sosis 1998). There are conditions under which the predictions of an inclusive fit- 
ness model differ from the predictions of a direct fitness model, such as the one 
presented above. For example, if the increase in foraging efficiency of joining a 
group is outweighed by the costs of lowering an individual’s inclusive fitness by 
reducing the foraging efficiency of related group members, the individual is not 
expected to join the group (Rodman 1981; Smith 1985). However, this is not likely 
to be relevant to cooperative fishing on Ifaluk since the monotonically increasing 
payoff curves (see Figure 20.7a-d) suggest a lack of conflicts between joiners and 
members. One interesting consequence of including kin in the model is that the 
energetic costs of fishing become inconsequential. In other words, the addition of 
inclusive fitness benefits to the model would vastly increase an individual’s bene- 
fits whereas energetic costs would remain the same as in the model presented 
above. 
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The importance of a man’s relatedness to the recipients of his production is evi- 
dent in the pattern of canoe use-namely, that men fish on the canoe of their natal 
compound rather than the canoe of their residential compound. If fish are distrib- 
uted via a canoe-owner distribution, married men are largely acquiring fish for 
their sister’s families rather than their own. When married men were asked why 
they do not fish on the canoes of their residential compound more often, they 
invariably communicate a sense of duty, claiming that they must “fish on the canoe 
that fed me when I was young.” Whether the inclusive fitness benefits for a mar- 
ried man of fishing on the canoe of his natal compound are greater than the inclu- 
sive fitness benefits of fishing on the canoe of his residential compound needs to 
be further explored. 

SUMMARY 

1. This paper tests theoreticaI models of the emergence and stability of coop- 
erative foraging using empirical data on cooperative sail-fishing activities 
on Ifaluk Atoll. 

2. Consistent with a necessary condition for the emergence of cooperative 
foraging, it was found that the mean per capita net production and con- 
sumption rates of cooperative fishing are significantly greater than the 
mean per capita net production and consumption rates of solitary fishing. 
Once cooperative foraging has emerged, a necessary condition for its sta- 
bility is that the benefits of cooperation must outweigh the benefits of free 
riding. Two factors determine the success of a free riding strategy: the abil- 
ity of cooperators to control a free rider’s share of returns, and the ability 
of cooperators to impose costs on free riders. 

4. The fish distribution patterns following cooperative sail-fishing events are 
a mix of investment-based distribution types, which reward men who fish, 
and population-wide distributions, which ensure that all residents, or all 
male residents, receive fish regardless of their participation in production. 
Although there is potential for free riding when fish are distributed to all 
residents on the atoll, the investment-based distribution types limit the suc- 
cess of a free riding strategy. The distribution patterns are a likely mecha- 
nism that enables the stability of cooperative fishing on Ifaluk. 

5. By using empirically observed biases in the fish distribution pattern, a 
model was generated that predicts the conditions under which an individ- 
ual will join a cooperative pursuit. Predictions from the model were com- 
pared with observed fishing behavior on Ifaluk. The results indicate that 
the difference in expected caloric payoff curves if an individual fishes or 
does not fish is a significant predictor of men’s participation in cooperative 
sail- fis hing . 

3. 
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NOTES 

1. Equation 2 is not a decision variable, such as the choice of whether to join a coop- 
erative group or forage solitarily. Models of optimal group size, such as Smith’s (1981) 
joiner’s rule, assume that cooperation exists. The joiner’s rule assumes that the decision 
variable that a forager faces is a choice between foraging solitarily or joining a grotlp offor- 
agers. Equation 2 does not assume that group foraging already exists, rather, it is an attempt 
to establish the conditions that must exist for cooperative foraging to emerge. 

For a more detailed ethnographic description of Ifaluk see Burrows and Spiro 
(1957), Bates and Abott (1958), Turke (1983, Lutz (1988), and Sosis (1997). 

During the 1994-1995 field session the movement of residents on and off the atoll 
were monitored for Falalop but not for Falachig atoll. Census data on Falachig were col- 
lected over a two-month period in which there were several opportunities for residents to 
return to and leave the atoll. No data were collected on the number of residents for all of 
Ifaluk at any specific point in time; thus the estimate of slightly more than 600 residents, 
rather than an exact figure. 

Males under 14 years of age may of course receive fish within their own compound. 
Informants claimed that solitary line fishing with bait was the main type of fishing 

(solitary or cooperative) during the season of calm winds (lecheg) from May to October. 
These data refer to daytime solitary fishing. I did not collect systematic data on 

nighttime solitary fishing activities. However, casual discussions about solitary fishing indi- 
cate that nighttime solitary fishing occurred less frequently than daytime solitary fishing, 
and no individual exclusively fished at night. 

On average Iyeur received 9.5% more fish than Iyefang during village-level ilct dis- 
tributions, but it maintains 72.7% more ilet than Iyefang and the ilet represent 36.3% more 
residents (n = 17). 

Fifteen males were observed fishing alone; however, data were not collected for 
three events that were the only solitary fishing events for three males. 

It is not surprising that all consumption rates are negative given the wide distribu- 
tion of fish on Ifaluk. In addition, these consumption rates do not account for the high value 
of fish calories, since it is the primary source of protein on Ifaluk (see below). 

Whatever ecological cues individuals are using to assess the fishing conditions, 
they will never generate exact knowledge about the number of fishermen on a given day. 
Nor will an individual possess precise knowledge of his payoffs for a given number of fish- 
ermen. This is a problem that all deterministic models face; strategists rarely have perfect 

2. 

3. 

4. 
5. 

6. 

7. 

8. 

9. 

10. 
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knowledge of all the factors relevant to the outcome of their behavioral decision. A sto- 
chastic model that took into account errors in individua1 estimates of the number of partic- 
ipants would be more realistic, although considerably more complex than the model 
presented here. 

1 1. Egalitarian distributions were not included in the following model since this type 
of distribution was only observed twice and accounts for less than 1% of the total fish dis- 
tributed. 

12. The caloric gains individual k expects to receive from a men’s feast was calculated 
as the expected caloric value of a men’s feast multipIied by the ratio $, where N is the total 
number of men at risk of partaking in a men’s feast. In order to simplify equation 4, the 
men’s feast was not designated by a separate variable from the other distributions. How- 
ever, in generating predictions and testing the model, men’s feasts were not multiplied by 
the consumer ratio as implied in equation 4. 

Women’s and children’s weights were not measured. I have used Hillard Kaplan’s 
calculation of consumer proportions by age, sex, and weight for the Piro (University of New 
Mexico, unpublished data) to estimate consumer proportions for Ifaluk residents. The Piro 
data were used because the physiques of the Piro and the people of Ifaluk are similar. 
Kaplan (1994) followed a procedure used by the World Health Organization (1985) and the 
National Research Council (1989a, Table 3-1; 1989b) for calculating the resting metabolic 
energy expenditure of individuals as a function of age, sex, and weight. The following table 
presents the consumer proportions that were used to determine the number of consumers in 
a compound on Ifaluk. 

13. 

Proportion of Consumer 

Age Male Female 

0-2 
3-5 
6-8 
9-1 1 

12-14 
15-17 
18-20 
2 1-24 
25-39 
40-49 
50-59 
>59 

0.3 
0.5 
0.6 
0.7 
0.9 
1.2 
1.1 
1.1 
1.1 
1.1 
1.1 
.8 

0.3 
0.5 
0.6 
0.7 
0.8 
0.9 
0.9 
0.9 
1 .o 
0.9 
0.9 
0.7 

14. Only 78 (rather than 79) cooperative sail-fishing events were used since data are 
missing on the number of fishermen for one fishing event. 

15. Fish from a men’s feast were generally left in the main canoe house for the dura- 
tion of the day. Thus, any males over 14 years of age were able to consume this fish. 

16. Ideally, to determine the value of a unit of protein and carbohydrate we would 
want to know the price that a kilogram of fish could be purchased on IfaIuk, not sold. How- 
ever, these data are unavailable since individuals never purchased fish or tar0 from each 
other. 

17. In contrast, Smith (1991) found that over the observed range of Inuit hunters in 16 
hunt types, net return rates decreased at the largest group sizes for 15 of the hunt types ana- 
lyzed, and thus there was expected to be a conflict of interest between joiners and members. 



470 Richard Sosis 

REFERENCES 

Alexander, R. 1974. The evolution of social behavior. Annual Review of Ecology and Sys- 
tematics 5:325-383. 

Axelrod, R., and W. Hamilton. 1981. The evolution of cooperation. Science 211: 
1390-1396. 

Barnard, C. Editor. 1984. Producers and Scroungers: Strategies of Exploitation and Para- 
sitism. London: Croom Helm. 

Barnard, C., and R. Sibly. 198 1. Producers and scroungers: A general model and its appli- 
cation to captive flocks of house sparrows. Animal Behaviour 29543-550. 

Bates, M., and D. Abbott. 1958. Coral IsZund: Portrait ofan atoll. New York: Charles Scrib- 
ner’s Sons. 

Bethlehem, D. 1975. The effect of westernization on cooperative behaviour in Central 
Africa. International Journal of Psychology 10:2 19-224. 

Betzig, L. 1988. Redistribution: equity or exploitation? In Human Reproductive Behavior: 
A Darwinian Perspective. L. Betzig, M. Borgerhoff Mulder, and P. Turke, eds. Pp. 
49-63. Cambridge: Cambridge University Press. 

Boesch, C. 1994. Cooperative hunting in wild chimpanzees. Animal Behaviour 

Boone, J. 1992. Competition, Conflict, and the Development of Social Hierarchies. In Evo- 
lutionary Ecology and Humart Behavior: E. Smith, and B. Winterhalder, eds. Pp. 
301-337. New York: Aldine. 

Boyd, R., and P. Richerson. 1992. Punishment allows the evolution of cooperation (or any- 
thing else) in sizable groups. Ethology and Sociobiology 13: 171-195. 

Burrows, E., and M. Spiro. 1957. An Atoll Culture: Ethnography of Ifaluk in the Central 
Curulines. Westport, Connecticut: Greenwood Press. 

Caraco, T. 1981. Risk sensitivity and foraging groups. Ecology 62527-531. 

48:653-667. 

. 1987. Foraging games in a random environment. In Foraging Behaviol: A. Kamil, 
J. Krebs, and H. Pulliam, eds. Pp. 389-414. New York: Plenum Press, 

Caraco, T., and H. Pulliam. 1984. Sociality and survivorship in animals exposed to preda- 
tion. In A New Ecology: Novel Approaches to Interactive Systems. P. Price, C .  Slo- 
bodchikoff, and W. Gaud, eds. Pp. 279-309. New York: Wiley. 

Caraco, T., and L. Wolf. 1975. Ecological determinants of group sizes of foraging lions. 
American Naturalist 109: 343-352. 

Clark, C., and M. Mangel. 1984. Foraging and flocking strategies: Information in an uncer- 
tain environment. American Naturalist 123:626-641. 

Crook, I. 1972. Sexual selection, dimorphism, and social organization in the primates. In 
Sexual Selection and the Descent of Man, 1871-1971. B. Campbell, ed. Pp. 231-281. 
Chicago: Aldine. 

Enquist, M., and 0. Leimar. 1993. The evolution of cooperation in mobile organisms. Ani- 
mal Behaviour 45:747-757. 

Freeman, 0. Editor. 1951. Geography of the Pacijic. New York: John Wiley and Sons. 
Giraldeau, L. 1988. The stable group and the determinants of foraging group size. In The 

Ecology of Social Behaviol: C. Slobodchikoff, ed. Pp. 33-53. San Diego: Academic 
Press. 

Hamilton, W. 1971. Geometry for the selfish herd. Journal of Theoretical Biology 

Hawkes, K. 1992. Sharing and collective action. In Evolutionary Ecology and Human 
Behaviol: E. Smith and B. Winterhalder, eds. Pp. 269-300. New York: Aldine. 

Hayden, B. I98 1. Subsistence and ecological adaptations of modem hunter-gatherers. In 
Omnivorous Primates: Hunting and Gathering in Human Evolution. G. Teleki and R. 
Harding, eds. Pp. 344-422. New York: Columbia University Press. 

3 1~295-3 11. 



The Emergence and Stability of Cooperative Fishing 47 1 

Higashi, M., and N. Yamamura. 1993. What determines animal group size? Insider-outsider 
conflict and its resolution. American Naturalist 142553-563, 

Hill, K., and K. Hawkes. 1983. Neotropical hunting among the Ache of Eastern Paraguay. 
In Adaptive Responses of Native Amazonians. R. Hames and W. Vickers, eds. Pp. 
223-267. New York: Academic Press. 

Hirshleifer, J., and J. M. Coll. 1988. What strategies can support the evolutionary emer- 
gence of cooperation? Journal of ConfZict Resolution 32:367-398. 

Kaplan, H. 1994. Evolutionary and wealth flows theories of fertility: Empirical tests and 
new models. Population and Development Review 20:753-791. 

Kaplan, H., and K. Hill. 1992. The evolutionary ecology of food acquisition. In Evolution- 
ary Ecology and Human Behaviol: E. Smith and B. Winterhalder, eds. Pp. 167-201. 
New York: Aldine de Gruyter. 

Kurland, J., and S. Beckerman. 1985. Optimal foraging and hominid evolution: labor and 
reciprocity. American Anthropologist 87:73-93. 

Lutz, C. 1988. Unnatural Emotions. Chicago: University of Chicago Press. 
MacDonald, D. 1983. The ecology of carnivore social behaviour. Nature 301 :379-384. 
Maynard Smith, J. 1983. Game theory and the evolution of cooperation. In Evolution from mol- 

ecules to man. D. Bendall, ed. Pp. 445-456. Cambridge: Cambridge University Press. 
Meeker, B. 1970. An experimental study of cooperation and competition in West Africa. 

International Journal of Psychology 5: 11-19. 
Mesterton-Gibbons, M., and L. Dugatkin. 1992. Cooperation among unrelated individuals: 

evolutionary factors. The Quarterly Review of Biology 1992:267-28 1. 
NationaI Research Council. 1989a. Diet and Health. Washington D.C.: National Academy 

Press. 
. 1989b. Recommended Daily Allowances. Washington D.C.: National Academy 

Press. 
Packer, C. 1986. The ecology of sociality in felids. In EcologicaZAspects of Social Evolu- 

tion: Birds and Mammals. D. Rubenstein and R. Wrangham, eds. Pp. 429-451. 
Princeton: Princeton University Press. 

. 1988. Constraints on the evolution of reciprocity: lessons from cooperative hunt- 
ing. Ethology and Sociobiology 9: 137-147. 

Packer, C., and L. Ruttan. 1988. The evolution of cooperative hunting. American Natural- 
ist 1 32: 1 59- 1 98. 

Packer, C., D. Scheel, and A. Pusey. 1990. Why lions form groups: Food is not enough. 
American Naturalist 136:l-19. 

Pulliam, H., and T. Caraco. 1984. Living in groups: is there an optimal group size? In 
Behavioural Ecology: An Evolutionary Approach. J. Krebs and N. Davies, eds. Pp. 
122-147. Sunderland, Massachusetts: Sinauer Associates. 

Pulliam, H., and G. Millikan. 1982. Social organization in the nonreproductive season. In 
Avian Biology. D. Farner and J. King, eds. Pp. XX-XX. New York: Academic Press. 

Rannala, B., and C .  Brown. 1994. Relatedness and conflict over optimal group size. Trends 
in Ecology and Evolution 9: 117-1 19. 

Real, L., and T. Caraco. 1986. Risk and foraging in stochastic environments. Annual Review 
of Ecology and Systematics 17:371-390. 

Rodman, P. 1981, Inclusive fitness and group size with a reconsideration of group sizes in 
lions and wolves. American Naturalist 1 18:275-283. 

Schoener, T. 197 1. Theory of feeding strategies. Annual Review of EcoZogy and Systemat- 
ics 2:369-404. 

Sibly, R. 1983. Optimal group size is unstable. Animal Behaviour 31:947-948. 
Slobodchikoff, C. 1988. Cooperation, aggression, and the evolution of social behavior. In 

The Ecology of Social Behaviol: C. Slobodchikoff, ed., Pp. 13-32. San Diego: Aca- 
demic Press. 



472 Richard Sosis 

Smith, E. A. 1981. The application of optimal foraging theory to the analysis of hunter- 
gatherer group size. In Hunter-Gatherer Foraging Strategies. B. Winterhalder and E. 
Smith, eds. Pp. 36-65. Chicago: University of Chicago Press. 

. 1983. Anthropological applications of optimal foraging theory: A critical review. 
Current Anthropology 24525-65 1. 

. 1985. Lnuit foraging groups: Some simple models incorporating conflicts of inter- 
est, relatedness, and central-place sharing. Ethology and Sociobiology 6:37-57. 

. 199 1. Inujjuamiut Foraging Strategies. New York: Aldine de Grutyer. 
Sosis, R. 1997. The Collective Action Problem of Male Cooperative Labor on Ifaluk Atoll. 

Unpublished Ph.D. dissertation, Department of Anthropology, University of New 
Mexico. 

. 1998. Explaining Variation in Cooperative Fishing Participation on lfatuk AtuEi. 
Invited Lecture, Department of Anthropology, University of Connecticut, April 20. 

Sosis, R., S. Feldstein, and K. Hill. 1998. Bargaining theory and cooperative fishing par- 
ticipation on Ifaluk Atoll. Human Nature 9: 163-203. 

Stephens, D., and J. Krebs. 1986. Foraging Theory, Princeton: Princeton University Press. 
Turke, P. 1985. Fertility Determinants on Ifaluk and Yap: Tests of Economic and Darwin- 

ian Hypotheses. Unpublished Ph.D. dissertation, Department of Anthropology, North- 
western University. 

Vickery, W., L. Giraldeau, J. Templeton, D. Kramer, and C. Chapman. 1991. Producers, 
scroungers, and group foraging. American Naturalist 137: 847-863. 

Washburn, S., and C .  Lancaster. 1968. The evolution of human hunting. In Man the Huntel: 
R. Lee and I. DeVore, eds. Pp. 293-303. Chicago: Aldine. 

Wittenberger, J. 1980. Group size and polygamy in social mammals. American Naturalist 

World Health Organization. 1985. Energy and protein requirements. Report of a joint 
FAO/WHO/UNU expert consultation. Technical Report Series 724. Geneva: World 
Health Organization. 

1 15: 197-222. 





This page intentionally left blank 



21 
Thenty Years of Evolutionary Biology and 

Human Social Behavior 

'Where Are We Now? 

J. PATRICK GRAY 

WHERE WE ARE NOT 

Closing the volume that resulted from the 1976 American Anthropological 
Association sessions on sociobiology, Chagnon wrote: 

We can imagine nothing more exciting or scientifically profound than the possibil- 
ity that much of human behavior conforms to predictions from evolutionary biol- 
ogy-and nothing more legitimate as a field of anthropological inquiry. . . . Almost 
no explicitly sociobiological fieldwork in human societies has yet been accom- 
plished. But, as the essays in this volume suggest, some existing data give us reason 
to believe that the return for such efforts will be great (1979:525-526). 

This volume demonstrates that Chagnon's appraisal of the potential rewards for 
investing effort in sociobiological research was accurate. In the past twenty years, 
field workers guided by selectionist thinking' have revolutionized our views of 
many aspects of human sociality. The data gathered by these researchers have pro- 
foundly affected our understandings of human marriage and mating systems, par- 
enting behaviors, social life in foraging societies, and many other topics. At a time 
when many cultural anthropologists have rejected the view that matters of fact are 
best established by systematic observation and measurement in favor of the idea 
that moral posturing and literary skills are better guides to reality, overestimating 
the value of the data produced by this group of field workers is difficult, The 
papers in this volume exhibit struggles with issues of how to operationalize vari- 
ables, how to collect reliable information, and how to replicate results. These data 
will, therefore, be useful even to researchers who spurn a selectionist approach to 
human behavior. 

Chagnon was also right about the excitement. The theoretical advances and 
empirical findings of the past twenty years have captured the imaginations of 
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many scholars in the social sciences and humanities. Some lines of research have 
generated intense interest in the “pop intellectual” world of news magazines, talk 
shows, and general appeal books. The rapidity with which the topics of fluctuat- 
ing asymmetry and mate selection, “sperm wars,” or evolutionary expIanations of 
(male) political power and sexual success found media exposure suggests that the 
public finds the application of evolutionary theory to certain aspects human social 
behavior to be of abiding interest. This media exposure is best characterized as a 
mixed blessing. While no one doubts the value of exposing the public to evolu- 
tionary theory and research (especially outside the creationlevolution debate so 
important in the United States), the publicity is marked by the loss of careful qual- 
ifications of the current limits o f  our knowledge, a feature characteristic of each 
chapter in this volume. 

If we equate the scientifically profound with the practically important (as many 
funding agencies do), Chagnon was clearly right again. For example, the papers 
teasing apart the tangled relationships between reproductive success, pursuit of 
wealth, mortality rates, and social status have powerful implications for govern- 
ments and agencies operating in a world where policies to affect population size 
are seen as urgently needed and yet frequently attacked as ineffective and as moti- 
vated by less than honorable intentions. New work on the tradeoffs women in 
postindustrial economies make between marriage, career, and reproduction, and 
on the dynamics of paternal investment in households where males are involved 
with children who are not their genetic offspring, raises significant questions for 
policies ranging from divorce law to welfare policy. 

Unfortunately, Chagnon’s claim that applying evolutionary theory to human 
behavior is a legitimate field of anthropological inquiry is still not widely accepted 
by cultural anthropologists. I attended both the 1474 and 1996AAA meetings and 
left the latter feeling that exciting progress had occurred in the twenty years sepa- 
rating the two sessions, I did not feel that we had arrived at definitive answers for 
many questions raised at the 1976 meetings. Rather, I had the sense that the past 
twenty years had clarified some basic theoretical and methodological issues in 
how to apply selectionist thinking to human behavior. The sometimes heated 
debate among human behavioral ecologists, evolutionary psychologists, and dual 
inheritance theorists had highlighted differences in approaches that were not clear 
in 1976. The process of theoretical clarification has cast new light on the first gen- 
eration of empirical studies and is stimulating ever more convincing research. Yet 
the I996 meetings also produced a frisson of temporal disjointedness. While the 
sessions illustrated how a scientific paradigm had evolved and was continuing to 
evolve, 1 felt that the debate over the anthropological legitimacy of the paradigm 
had not advanced since the 1976 meetings. One reason for this feeling is clearly 
that many cultural anthropologists have explicitly moved away from the scientific 
model of analysis followed by selectionist thinkers. For some of this persuasion 
the theoretical and empirical results of the past twenty years need not be 
addressed-a blanket dismissal of the legitimacy of the scientific world view suf- 
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fices to make the work worthy of attention only as another example of the inade- 
quacy and danger of that world view. I will discuss this situation in the section on 
“where we are now.” 

The second reason for my temporal discomfort is more troubling. It appears to 
me that the responses of many who encounter evolutionary approaches to human 
behavior are still shaped by the highly polemical arguments that greeted sociobi- 
ology’s debut on the stage of social science. For a large segment of the academic 
world the received wisdom is that sociobiology can be ignored, and should be 
avoided, because it is inherently racist, sexist, elitist, and genetically determinist. 
The sources cited for this opinion often include the first critical responses to socio- 
biology (especially Sahlins 1976 and Sociobiology Study Group of Science for the 
People 1976). Unfortunately, coining alternative (and more useful) labels for evo- 
lutionary approaches (human behavioral ecology, evolutionary psychology, etc.) 
does not seem to have changed how people regard such approaches. Selectionist 
thinking seems to have lost a vital public relations battle in cultural anthropology 
and other social sciences. This state of affairs requires that before we evaluate 
where we are now, refuting these charges by reviewing where we are not will be 
worthwhile. 

If sociobiology is merely a reff ection of “the socioeconomic prejudices” of its 
founders designed to legitimize existing social arrangements as “natural” (Socio- 
biology Study Group of Science for the People 1976: 182), it must be judged to be 
a failure. At some point the paradigm seems to have escaped the control of its 
founders. A paradigm seeking to legitimize male domination of females, for 
example, should have continued to adhere to the “Man the (pair-bonded) Hunter” 
model popular at the time of the 1976 meetings. Instead we find many scenarios 
of human evolution that treat both males and females as active agents. In this vol- 
ume Blurton Jones and colleagues (Chapter 4) and Hawkes and colleagues (Chap- 
ter 12) reevaluate the male provisioning explanation of pair bonds and suggest an 
alternative model focused on intergenerational bonds between females. I doubt 
that an inherently sexist paradigm could generate, much less consider seriously, 
models of human evolution incorporating the images of female primate sexuality 
in scenarios advanced by Hrdy (1997) and Smuts (1995). Should the datum that 
some women in pair-bonds synchronize extra-pair copulation with ovulation 
(Baker and Bellis 1995) be seen as feeding into male distrust of women, as pro- 
moting the view of women as active sexual agents, or just another facet of human 
behavior that makes sense in light our evolutionary history? 

No doubt some individuals applying evolutionary theory to human behavior are 
sexist and some hypotheses and models they formulate are expressions of their 
prejudices. Nevertheless, the past twenty years have been marked by open debate 
over the role of the sexes in human evolution and over how much specific models 
have to say about the relations between the sexes among modern humans. At pres- 
ent, no one evolutionary scenario holds the assent of the majority of selectionist 
thinkers, and it is hard to find one in contention that somehow legitimizes the sta- 
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tus quo as “natural.” There is little agreement over how our evolutionary history 
affects the arrangement of sex roles in existing societies. Perhaps the only area of 
agreement is that the reproductive interests of men and women frequently conflict 
and that different environments result in different balances of costs and benefits 
for each sex. We have just started to tote up the relative costs and benefits in dif- 
ferent societies. For example, Strassmann (Chapter 3) suggests that some polygy- 
nous Dogon males may achieve reproductive success at the expense of their wives. 
In contrast, male exploitation seems lower, or absent, in some cases discussed by 
Sellen and colleagues (Chapter 5). 

There is also agreement that conflicts of interest over reproduction affect rela- 
tionships between members of the same sex. Both Strassmann and Irons (Chapter 
11) consider if Dogon and Yomut men increase their reproductive success at the 
expense of close male relatives. Investigations into the consequences of polygyny 
usually examine whether earlier wives achieve reproductive success at the 
expense of later co-wives. Wright (1994) provides a verbal model of conflicts of 
interest between females in societies with socially imposed serial monogamy and 
great skew in male resource control. Of course, we should not overlook the fact 
that frequently the interests of men and women are best served by cooperation, not 
conflict. 

A review of the past twenty years clearly shows that sociobiology is not trapped 
in the position of attempting to legitimize male economic, political, personal, or 
sexual domination of women (see also Liesen 1995; Buss and Malamuth 1996). 
Researchers do not argue that such phenomena do not exist, but that they cannot 
be explained merely as the result of male bad faith. What is more important, they 
suggest that knowledge of the basic conflict of interests between the sexes and of 
how environmental variation affects the resolution of such conflicts provides the 
best base for designing policies to alter relations between the sexes. Also required, 
of course, is a selectionist analysis of how the alterations might affect the inclu- 
sive fitness of those promoting and resisting them. 

The chapters in this volume are sufficient to refute the charge that selectionist 
theory is inherently racist. Human behavioral ecology does not suggest that the 
behavioral strategy sets of humans vary between “races.” The Darwinian algo- 
rithms hypothesized by evolutionary psychologists are assumed to be common to 
all human populations. The definition of “culture” used by dual inheritance theo- 
rists sees cultural differences between populations arising out of historical and 
environmental, not biological, differences. Unfortunately, scholars cdtiquing 
explicitly racialist arguments such as The Bell Cuwe (Hemstein and Murray 
1994) often condemn all work relating human biology and behavior as a manifes- 
tation of racism. The only possible response to this tactic is to continue to stress 
that racial classifications play no role in selectionist theory. A more troubling sit- 
uation occurs when authors use the vocabulary and principles of evolutionary the- 
ory to argue for racial differences (e.g., Rushton 1995). The most appropriate 
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response here is not less biology, but better biology. Demonstrations of the mis -  
uses of evolutionary theory and of the superiority of explanations derived from 
human behavioral ecology are required (e.g., Mealey 1990). 

The claim that sociobiology is inherently elitist is easily refuted by pointing to 
human behavioral ecology’s concern with delineating how common goals and 
strategy sets get played out in different resource environments. Irons reports that 
he originally rejected the idea that Yomut striving for wealth was striving for 
reproductive success because “it painted a grim picture of winners and losers” 
(1997:48). A theory focused on differential success in obtaining resources neces- 
sary for reproduction must identify who wins and who loses. However, the theory 
does not necessarily predict that the winners have different evolved goals or strate- 
gies than the losers. All Yomut men probably strive for wealth, but some achieve 
it without too much effort because they are born into wealthy families while oth- 
ers fail to achieve it because of a poor starting condition or bad luck. Identification 
of winners and losers in one environment does not imply that the mix will stay the 
same if the environment changes. Nor does it force us to conclude that the social 
arrangement that helped to produce the current mix of winners and losers is either 
morally good or socially functional. Human behavioral ecology does not suggest 
that losers should passively endure social arrangements detrimental to their inter- 
ests to secure a greater social good. In fact, by analyzing such cultural pro- 
nouncements as manipulative strategies winners use to increase their inclusive 
fitness (Alexander 1987; Cronk 1995; Wright 1994), selectionist thinking can pro- 
vide losers with a more accurate critique of social settings characterized by high 
skew in resource control. Further, discovery of how winners become winners and 
losers become losers may help in devising strategies for changing the distribution 
of outcomes. Again, a selectionist analysis of the motives of those arguing for 
change and those resisting it is vital. 

Finally, this volume shows that application of evolutionary theory to human 
behavior, especially in the human behavioral ecology tradition, is not about 
genetic determinism. Careful reading of these chapters reveals that no author 
hypothesizes genes for behavior. The route from gene to behavior is so tortuous 
that behavioral ecologists typically adopt the phenotypic gambit (see Smith, 
Chapter 2). There must be genetic underpinnings relevant to the potential strategy 
set possessed by members of a species. However, analysis of how different envi- 
ronmental contingencies (including other members of the species) affect the 
occurrence of behaviors in that strategy set and the payoffs for these behaviors can 
be analyzed without worrying about these underpinnings. 

The heat generated by sociobiology ’s explosive introduction to the human sci- 
ences will continue to dissipate with the passage of time. With continued careful 
empirical research, and with rapid responses when evolutionary theory is misap- 
propriated to further programs of sexism, racism, or elitism, it is possible the pub- 
lic relations war may yet be won. 
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WHEW ARE WE NOW? 

J. Patrick Gray 

This section is not intended as an overview of the current state of selectionist 
theory in cultural anthropology. Instead, I will first briefly discuss three important 
trends that I find to be exemplified by the papers in this volume: (1) a movement 
away from tests that pit selectionist hypotheses against null hypotheses generated 
by various types of cultural determinism; (2) increased theoretical and method- 
ological sophistication; and (3) increasing awareness of the potential practical 
applications of selectionist thinking. I will then address the question from a sec- 
ond direction by discussing how selectionist thinking relates to the postmodernist 
moments ascendent in cultural anthropology during the past twenty years. 

In their review of several classic papers in human behavioral ecology, Kacelnik 
and Krebs note that in early optimality studies models of optimization are usually 
pitted against the null hypothesis of random behavior (1997:23). Once the ran- 
domization hypothesis is rejected more sophisticated analyses of relations 
between currency and fitness, strategy sets and feedback functions can be con- 
ducted. Much selectionist social science is at the stage of demonstrating that selec- 
tionist-inspired hypotheses accord better with empirical data than do the null 
hypotheses generated by theoretical positions that eschew evolutionary theory, 
Chagnon and Bugos’s paper in the 1979 volume showing that knowledge of degree 
of genetic relatedness could help predict sides in a Yanomamii axe fight is an 
excellent example of this type of argument. The null hypothesis here was simply 
that such knowledge would not help explain the distribution of fighters. In the cur- 
rent volume, Hames’s demonstration that predictions from reciprocal altruism the- 
ory fit Yanomamo patterns of food exchange better than predictions from 
egalitarian exchange theory (Chapter 18) is a satisfying example of this mode of 
reasoning. 

The resistance to selectionist thinking in cultural anthropology means that the 
pitting of evolutionary-based hypotheses against null hypotheses generated by 
theoretical positions emphasizing total cultural determinism will continue to be an 
important task for some time to come. However, most of the papers in the current 
volume (including Hames’s) are already operating at the more sophisticated level 
identified by Kacelnik and Krebs. The authors analyze the predictions of different 
models generated from within the selectionist perspective, and the contrast 
between the perspectives of selectionist and nonselectionist cultural anthropology 
is either absent or left implicit. 

The papers that assay the effects of polygynous marriage on female reproduc- 
tive success (Strassmann, Sellen et al.) start with the assumption that human mar- 
riage systems can be analyzed using this currency and explore questions generated 
from the selectionist perspective. Both papers spotlight the potential conflicts 
between the sexes and emphasize the need to identify the environmental condi- 
tions that permit one sex to achieve its goal at the expense of the other. Each con- 
tributes information about possible feedback mechanisms between female 
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reproductive success and marriage form. While previous studies have focused 
mainly on female fertility, these papers find an important role for child mortality. 
If we highlight feedback mechanisms affecting male reproductive success, we are 
led to question whether polygynous males achieve their increased reproductive 
success at the expense of their brothers or other close male relatives. Strassmann 
finds that while work group bosses gain more, subordinates also gain from polyg- 
ynous marriage (see Irons on the Yomut situation). Finally, discovery of the vari- 
ous feedback mechanisms may allow us to predict shifts in the relative frequency 
of different strategies under conditions of environmental change (Borgerhoff Mul- 
der 1996). 

The section on the demographic transition provides a second example of this 
trend. The “obvious” null or negative correlation between wealth and reproductive 
success in societies that have undergone the demographic transition is often taken 
as a fact sufficient to prove that an evolutionary theory based on inclusive fitness 
considerations does not apply to human behavior (Vining 1986). A less extreme 
view hypothesizes a gulf between “us” of the demographic transition, where inclu- 
sive fitness theory does not apply, and “they” of traditional societies, where it does. 
Many commentators on Vining’s paper noted that selectionist thinking can gener- 
ate several models in which wealth was not related to reproductive success. Lutt- 
beg and colleagues (Chapter 16) discuss three such models (quality/quantity 
tradeoff, indirect bias, and novel circumstances) and make a start toward examin- 
ing their relevance to human behavior by determining if the marriage behavior of 
Kipsigis males is best explained by a decision rule that maximizes wealth passed 
to children or by one that maximizes reproductive success. The fact that the wealth 
maximization rule is the better predictor in this situation immediately leads to the 
problems of identifying (1) those environments in which wealth maximization 
demands fertility reduction, and (2) which variables affect the degree to which 
wealth maximization and reproductive rnaximization are in conflict. Kaplan and 
Lancaster’s study of a skills-based competitive labor market economy (Chapter 
14) provides one set of answers. They note that in this environment parents prob- 
ably cannot detect diminishing returns for investment in a child until very high 
levels are reached. They also identify the balance between the time spent in infant 
care and the time required to feed family members as an important constraint on 
fertility in traditional societies. This constraint may have less of an impact on fer- 
tility decisions in societies where extrasomatic wealth is present. 

The papers by Kaplan and Lancaster and by Luttbeg and colleagues close the 
gulf between demographic transition societies and traditional societies by sug- 
gesting that extrasomatic wealth andor decision rules (and motivational struc- 
tures) designed to maximize wealth per child are found in some traditional 
societies. Kaplan and Lancaster also argue that evolved proximate mechanisms 
might not respond to maximize fitness once extrasomatic wealth exists. Closing 
the gulf, however, raises some interesting questions about Irons’s concept of the 
Adaptively Relevant Environment (ARE) and the relationship between cultural 
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and reproductive success. Irons argues that socially imposed monogamy and 
widespread use of contraception do not belong to the ARE, and that we should not 
expect to find correlations between cultural and reproductive success in societies 
characterized by these features. Kaplan and Lancaster and Luttbeg and colleagues 
pose the question of whether or not inheritable extrasomatic wealth should be con- 
sidered as part of the ARE. An exploration of this issue might involve some inter- 
esting research from the direction of evolutionary psychology. For example, does 
assuming that the strategy set open to foragers in the Environment of Evolution- 
ary Adaptedness (EEA) lacked the option of maximizing extrasomatic wealth 
passed to offspring have significant implications for the Darwinian algorithms 
exhibited by the human mind? Mace (Chapter 13) notes that research on fertility 
behavior requires information on parental images of success for children, and Low 
(Chapter 15) remarks that we need more information how fertility decisions are 
related to absolute resource control and to images of perceived wealth trajectories. 
Again, this will be rich ground for research inspired by both the evolutionary psy- 
chology and dual inheritance perspectives. 

This trend toward testing of alternative selectionist hypotheses is also found in 
Hewlett and colleagues’ use in Chapter 8 of Draper and Harpending’s and Blurton 
Jones’s models to compare child rearing practices among the Aka, Ngandu, and 
Euro-Americans; in Blurton Jones and colleagues’ exploration of the correlations 
between father-effect’ fertility units per male, and divorce rate in four foraging 
societies (Chapter 4);2 and in the comparisons of the grandmothering hypothesis 
and the male provisioning hypothesis of human evolution contained in papers by 
Hawkes and colleagues (Chapter 12). Finally, Sugiyama and Chacon (Chapter 17) 
argue that models generated from kin selection and reciprocal altruism theory are 
not adequate to explain how systems that buffer individuals against pathology risk 
evolve or are maintained in foraging groups, and thus turn to a selectionist theory 
based on social niche differentiation to solve their problem. 

My comments on the second trend are more succinct. Most papers in this vol- 
ume exhibit a methodological sophistication that is refreshing given much of cul- 
tural anthropology’s resistance to quantification. An obvious example of that 
sophistication is the analysis of pitfalls in testing the relationship between wealth 
and reproductive success in societies stratified by wealth. The methodologies used 
by several authors are not widely known in cultural anthropology. I believe that the 
dynamic state modeling approach used by Mace and by Luttbeg and colleagues 
has great potential in cultural anthropology. Especially exciting is the idea that 
submitting such models to sensitivity analyses allows us to assign plausibility 
weights to suggested alternative explanations. When hypotheses are restricted to 
verbal arguments, discerning the sheer unlikeliness of some alternatives is often 
difficult. The values of time allocation studies are amply illustrated by several 
papers. Both dynamic state models and time allocation studies serve to examine 
intracultural variability in behavior, so I think it especially noteworthy that this 
volume contains two papers using multidimensional scaling techniques to investi- 
gate intracultural variation in cognitive structures. Most of the papers contain 
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statements to the effect that we require more data on individual decision rules and 
perceptions if we are to increase our understanding of the phenomenon under 
analysis. Studies demonstrating how principles of behavioral ecology can be used 
to analyze the distribution and uses of cultural symbols certainly would increase 
the appeal of seIectionist thinking to cultural anthropologists. The MDS tech- 
niques used by Jones (Chapter 7) and by Patton (Chapter 19) and Chagnon’s work 
on Yanomamo kinship manipulation are excellent starts. These types of method- 
ologies may also help move evolutionary psychology out of the laboratory and 
into the field, a move suggested by Smith. 

The third trend I discuss will generate the most controversy. Several papers in 
this volume clearly show that selectionist-inspired research has the potential to 
make important contributions to pubIic policy. Evolutionary medicine and evolu- 
tionary psychology will play important roles in the American subcultures of ther- 
apy. This, of course, is dangerous ground and threatens to rekindle the passions 
that greeted sociobiology’s introduction to the public. For the taste of many, 
Wright (1994) may be too willing to derive policy implications from selectionist 
research, but his discussion of how such research can legitimately claim our men- 
tion is lucid. He argues that we cannot derive moral lessons from evolution. Once 
we have decided, on whatever grounds, that a given outcome is morally or practi- 
cally desirable, however, selectionist research can legitimately enter the discus- 
sion by pointing to the potential costs and benefits of achieving that outcome. 
Selectionist analysis may also play a role in the debate over what is morally desir- 
able by pointing out that moral claims may serve the inclusive fitness interests of 
those who make them. This will rarely shock the participants in a moral debate, 
although which interests are being served may occasion some surprise. 

Wright is not alone in his willingness to draw pragmatic lessons from evolu- 
tionary research. After he places the human family system in evolutionary per- 
spective, Emlen (1997; see also Davis and Daly 1997) suggests five steps to lower 
the risks of stepfamily dysfunctions. These are mainly educational, serving to 
warn participants and family therapists about potential problems (expect greater 
conflicts, understand the evolutionary basis of emotions, anticipate flashpoints of 
conflict). His recommendation that therapists should help alter the criteria used in 
selecting replacement mates could conceivably be implemented as public policy 
through training programs. His last recommendation, the signing of a stepfamily 
agreement, threatens to get lawyers involved, a sure sign of evolutionary theory’s 
arrival on the American scene.3 While some theorists may resist drawing policy 
implications from their research, we can be sure that individuals outside the field 
will do so. Coney and Mackey (1997), for example, do not discuss policy impli- 
cations of their argument that social fathers serve as a deterrent to female “promis- 
cuity,” but as their research correlates rate of out-of-wedlock births with rates of 
sexually transmitted diseases its potential uses in public debates over policies are 
clear. 

Should selectionist social science avoid the mine field of public policy? I 
believe that even if a retreat to academic journals and symposia were possible, it 



484 J. Patrick Gray 

would be unwise (see Beckstrom 1993). The image of human nature offered by 
evolutionary theory is too important not to be placed alongside the images that 
currently dominate the social sciences and policy debates. As an example, con- 
sider the social “problem” of criminal behavior. Extreme cultural determinism, 
with its image of human nature as empty and as infinitely malleable, explains 
criminal behavior in terms of inadequate socialization into the norms of the social 
group. One can question the morality or fairness of those norms, but because 
humans are so pliable, socializing them into accepting norms that are unfair or 
even detrimental to their well-being should be possible. If “human needs and 
drives are indeterminate as regards their object because bodily satisfactions are 
specified in and through symbolic values” (Sahlins 1996:4O4), manipulating the 
symbol values to ensure compliance with any set of noms should be easy. Social 
policy based on this image of humans emphasizes education as the solution to 
criminal behavior. Children in social environments where hegemonic norms are 
not vaIued should be targeted for (counter-)educational programs that espouse 
such norms. Individuals caught in criminal activities should be reeducated into the 
conventional norms. I do not want to underestimate the impact of such programs, 
but their effectiveness and efficiency are questionable when they are used without 
programs that significantly affect the resource accumulation potential of individ- 
uals. The images of human nature derived from evolutionary theory (of “adapta- 
tion executors” or “fitness maximizers”) can suggest when educational programs 
are likely to be effective and where behavior cannot be changed by moral suasion 
alone. 

Another response to criminal behavior is to chalk it up to some form of innate 
depravity. It does not matter whether we see criminals as “evil” or as possessing 
“genes” €or criminal behavior, this response sets them apart from the rest of the 
human community. The only effective action under this image of human nature is 
to remove the criminal from the community. In contrast, the perspective repre- 
sented in this volume requires that we first hypothesize that criminals are individ- 
uals with the same evolved predispositions or Darwinian algorithms as all other 
humans. Their behaviors should be examined as adaptive responses to their 
resource environments. This formulation suggests that policies designed to lower 
rates of criminal behavior will be most effective when they alter the resource envi- 
ronments of individuals. Selectionist research can provide important clues about 
which aspects of the resource environment will be more effective in producing the 
desired changes. For example, Zhang (1997) finds that in the United States cash 
or in-lund welfare programs are negatively correlated with level of property crime, 
while Medicaid and school Iunch programs exhibit no correlation with these 
offenses. He also notes that programs directed primarily at women and children 
(AFDC) have a smaller impact on property crime rates than general programs like 
public housing. Although Zhang operates from a simple economic model of crim- 
inal behavior, a selectionist perspective clearly has a great deal to contribute to the 
issues he discusses. 
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Daly and Wilson’s use of evolutionary theory to elucidate the risks of child 
abuse in stepparent households offers another example of where a selectionist per- 
spective would be helpful in producing more effective social programs. In their 
Canadian sample (Daly and Wilson 1997) the risk of abuse was negatively corre- 
lated with age of the mother. Social programs that teach maternal skills to young 
mothers probably will lower the rate of child abuse in this population. However, 
the finding that the stepparent effect on risk of abuse was independent of maternal 
age implies that programs only teaching mothering skills will not be as effective 
as programs that try both to improve maternal skills and to alter the calculus of the 
stepparent effect. Knowledge of the stepparent effect may be vital in explaining 
why educational programs sometimes fail to achieve their goals. A young mother 
may know perfectly well how to mother but may be trapped in a relationship 
where a potentially brighter reproductive future is purchased at the cost of per- 
mitting the abuse or neglect of her existing childtren). 

Each chapter in this volume contains material applicable to social policy. I can 
only briefly highlight one area. The papers on the demographic transition illustrate 
why the results of selectionist research must be brought into the debates over pop- 
ulation control programs and environmental protection. Exploration of the 
evolved motivational structures relating reproductive success to material success 
is vital to understanding the possible ecological impacts of programs that effec- 
tively reduce fertility. The papers in this section suggest that one way to reduce fer- 
tility levels is to increase the resources required to produce chiIdren with high 
reproductive potential. As Low suggests, the possibility that lower fertility can be 
attained only through even greater per capita consumption of resources is a chill- 
ing thought for an environmental movement that tends to accept slower population 
growth as inherently good. 

The complex relationships between sex differences in resource control, energy 
budgets, and fertility examined by Low and by Kaplan and Lancaster should be 
part of the intersecting dialogues on gender roles, family policies, and welfare that 
ignite passions in every country. Low (Chapter 15) notes that we have not yet col- 
lected the data necessary to conclude that fertility and wealth are negatively 
related in industrial societies, yet much social debate and many social programs 
assume that such a relationship exits. The successes and failures of social pro- 
grams may be explained by the dynamics exposed by selectionist research. For 
example, in a sample of 22 industrialized countries Gauthier and Hatzius (1997) 
found that higher governmentally provided family benefits tend to elevate fertility, 
but that the effect was very small. As these countries exhibit the skill-based com- 
petitive labor market environment discussed by Kaplan and Lancaster, the small 
size of the effect should not surprise us. In a finding also relevant to Kaplan and 
Lancaster’s paper Gauthier and Hatzius found that while in-kind and cash benefits 
affected fertility, maternity leave had no impact. Finally, selectionist thinking may 
help understand social dynamics in societies that are currently undergoing the 
demographic transition. For example, the Tnvers-Willard hypothesis discussed in 
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Cronk’s paper (Chapter 10) suggests that sometimes programs to reduce fertility 
will lead to an unbalanced sex ratio, perhaps by increasing female childhood mor- 
tality rates (see Das Gupta and Bhat 1997). Proponents of population limitation 
need to be aware of this possibility. Selectionist research may help design fertility 
limitation programs to counteract this scenario. 

Because evolutionary theory’s potential contribution to social policy is so 
great, its relationship to the postmodern moments in cultural anthropology is 
important. For many readers of this volume the first response to postmodernism 
may be to assume a live-and-let-live posture and to abandon a cultural anthropol- 
ogy that refuses to consider the impact of our evolutionary history on our social 
behavior. To the extent that such a response allows postmodernists to write socio- 
biological research out of cultural anthropology and aids in the general acceptance 
of their images of human nature, it limits the intellectual and social impact of the 
evolutionary perspective. Further, to the extent that postmodernism offers valuable 
insights into the realities studied by cultural anthropologists, such a response 
serves to buffer selectionist thinkers from important ideas. I do not tabor under the 
delusion that a complete rapprochement between evolutionary and postmodern 
approaches to human behavior is possible, but I think it worthwhile to discuss 
whether the two positions are totally antithetical. 

Some postmodernists argue that to define something is to engage in an act of 
force,4 so I will not be so discourteous as to attempt a definition of postmodernism. 
Instead, I will discuss several strands of thought that people group under the label 
of postmodernism. I will take little time with the first strand, which makes scien- 
tific research impossible (see Kuznar 1997 for a more detailed analysis of post- 
modernism and science in anthropology). Positions that deny the existence of 
reality outside texts or those that state all truth claims are relative have little to 
offer evolutionary research. It should be noted, however, that theorists who hold 
such positions rarely demur from making pronouncements on social policy. One 
wonders from whence come their remedies for various social ills and how we 
could possibly judge their efficacy. 

The strand of postmodernist thought responsible for debates on ethnographic 
authority, the crisis of representation, and the conditions for the production of 
knowledge has had a salubrious effect in cultural anthropology. I believe that 
much of this material eventually boils down the same lessons presented (with 
fewer literary flourishes) in any course in research methodology: alert yourself to 
your biases; recognize the limitations of your instruments; counter the human ten- 
dency to focus on events that confirm what you want to be the case and ignore 
those that do not; never forget that your results are abstractions from reality, not 
reality itself (see Cronk 1998). Another facet of this strand is the position that the 
origin and popularity of all scientific theories (except postmodernism?) must be 
traced to the social interests of the creators and users of the theory. Clearly, such 
a perspective aids in understanding the history of ideas. It will be vital in a science 
of memetics (Lynch 1996) that seeks to trace the distribution of ideas. Selection- 
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ist thinkers who view moral pronouncements as strategies in struggles over inclu- 
sive fitness, or who suggest that we anaIyze culture by studying how people use it 
to manipulate others, should not find this perspective too alien. Further, the recent 
history of selectionist thought in the social sciences raises some interesting ques- 
tions along these lines. Is it coincidence that most models that assign a greater sex- 
ual agency to female primates were generated by women? Is it possible that the 
grandmothering hypothesis will gain wider currency because it allows aging baby- 
boomers to once again place their concerns at the center of the human story? 

The major weakness of this position is that all too frequently the origin of an 
idea is taken as a measure of its validity. Explaining that an idea serves the class 
interest of the “elite” does not show it to be false, nor does the fact that an idea 
serves the interests of the “oppressed” mean it is correct. In the context of justifi- 
cation, it does not matter whether a man or a woman generated a model of a pri- 
mate female sexual agency, all that matters is whether or not the model can be 
supported with empirical data. Having made this point, I do wish to note that the 
postmodern analysis does not become totally irrelevant. During periods when 
competing models coexist and the empirical evidence is not strong enough to 
eliminate all but one, we might expect adherence to one or the other model to be 
explained by personal interest. 

Another strand of postmodern thought is illustrated by Sherry Ortner’s (1995a) 
article on Sherpa shamanism. In the first part of the article she sketches an unpub- 
lished analysis of the decline of shamanism that she wrote in the mid-seventies. 
Her analysis was based on the binary opposition between individualisdrelation- 
ism and situated the Sherpas in the “modernization narrative.” She reexamines her 
analysis considering the lessons of feminist anthropology and postmodernism. 
She says of the modernization narrative and the binary oppositions (1995a:370): 

I do not want to say they are wrong, for I do not think they are, exactly. . . . I want to 
say, and show, that they are too simple, and that this simplicity is dangerous in all the 
ways that postmodern anthropology has recently brought to life: it feeds into a dis- 
course of otherness in which the Other is either inferior or romantic, but either way 
excluded from equality of intercourse with us. 

Ortner also notes (1995a:371) that a key lesson of feminist theory is that “a 
focus on oppositions encourages analysis in terms of ‘essences’ of the categories, 
rather than analysis in terms of the politics of the construction and deployment of 
the categories.” 

I suggest that because selectionist approaches to human behavior are firmly 
based in population thinking they tend not to fall victim to the kind of simplicity 
that worries Ortner. There is no tendency to mistake category names for essences. 
Typologies of various sorts do appear in hypothesis tests, of course, but they are 
usually proxies for difficult-to-measure variables. Tests comparing polygynous 
with monogamous societies, for example, are predicated on the hope that the con- 
trast roughly captures variation in the operationa1 sex ratio. Most of the papers in 
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this volume discuss intrasocietal variation in individual strategies and emphasize 
the flexibility of such strategies in responding to changes in an individual’s 
resource or social environment. The articles do nut suggest that selectionist 
research is trapped in a grand narrative (except the narrative of evolution). The 
closest analogy with the modernization narrative cited by Ortner is probably the 
demographic transition. Yet the papers that focus on it do not assume all societies 
must undergo this process, nor do they assert that once the transition occurs it can- 
not be reversed. Again, a focus on the flexibility of strategies short-circuits any 
tendency to place selectionist research into a grand narrative. 

Ortner suggests that if we abstain from thinking in essences and from inserting 
other societies into grand narratives we can avoid the discourse of otherness in 
which we define the Other to prevent him or her from engaging us as equals. I want 
to suggest that the evolutionary perspective is way ahead of the game here. Ortner 
is not clear on exactly how a relationship of equality is generated by the moves she 
suggests. In some strains of postmodernism once the Other is removed from the 
grand narratives of Western social science he or she is defined as living in a real- 
ity that is incommensurate with any Western narrative. If we resist the temptation 
to denigrate or romanticize this reality, we can grant equality only across a bound- 
ary of mutual incomprehension (although why we should do so is unclear). This 
is not the tack Ortner takes, however. She explores social dynamics that appeax to 
be common to all societies (e.g., antagonists use the individualisdrelationism 
dichotomy to maximize their advantage). In selectionist social science equality is 
granted by virtue of the fact that our evolved human nature is the same in all soci- 
eties. Thus, the calculations involved in dividing life effort into somatic, mating, 
and parenting investment are panhuman. Certain standards of beauty are univer- 
sal, as are Darwinian aIgorithrns invoked by universal social situations (e.g., the 
need to detect cheaters). 

I think that the assumption of an evolved human nature containing more than 
just a general “capacity for culture” casts brighter light on some discourses pro- 
duced by postmodernism’s introduction to cultural anthropology. The dialogue on 
resistance (Abu-Lughod 1990; Brown 1996; Ortner 1995b), for example, looks 
quite different if we assume an evolved human nature. During the conversation 
resistance has become more difficult to define. Some authors award the label only 
to cases when individuals consciously refuse hegemonic rhetoric and produce an 
antihegemonic discourse. For other theorists, any behavior or discourse that does 
not reproduce the hegemonic discourse exactly is seen as resistance. Thus, mis- 
takes in performance, understanding, or minor variations in style become exam- 
ples of resistance. What is under-theorized in this discourse is the grounding for 
resistance, If people are as easily inculcated as cultural determinism seems to 
argue, why should they resist the hegemonic discourse? To a selectionist thinker it 
makes sense that Bedouin women caught up in a system that frequently thwarts 
their reproductive interests sometimes lament their fate. Individuals with evolved 
motivational systems finely tuned to resource control, social contracts, and status 
differences will have plenty of grounds for resistance in any society. Because one’s 
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resource andor social position can almost always be improved, resistance against 
those who stand in the way of improvement should be expected. 

The selectionist notion of humankind also intersects with postmodernist dis- 
course on political action and cultural anthropology (see D’ Andrade 1995; 
Scheper-Hughes 1995). One place where the postmodernist rejection of essential- 
ist thinking is most likely to break down is in its analysis of those who hold power 
and those who do not. The former are often seen as evil or immoral and the latter 
as good and moral. Some anthropologists have argued that anthropology’s role 
should be to serve as a witness of the harms done to the opposed by the powerful 
and, if possible, to aid in the transformation of power relationships. Evolutionists 
will find it hard to buy into this romantic view of haves and have-nots. Those with 
power and those without bring the same set of evolved motivations and strategies 
to the table. We need to subject the world of the current winners to the same care- 
ful, and morally neutral, analysis that we use to understand the world of the losers. 
Analysis should be conducted in terms of winners and losers, not heros and villains. 
We should be aware that when the distribution of power changes, we will usually 
find many former “have-nots” adopting the same strategies of resource defense 
exhibited by the previous “haves.” This viewpoint places evolutionists in the same 
camp with some postmodernist positions criticized as too extreme because they do 
not provide a grounding for the political agenda favored by the critic (Mascia-Lees 
et al. 1989; Scheper-Hughes 1995). Evolutionary theory will not tell us whom to 
identify with, nor who to root for, in the battle for just social arrangements. It is 
more likely to make us question the rhetoric of just social arrangements and to 
probe the motivations of those who push for different social formations. Once we 
have decided to take a position, however, selectionist research may prove invalu- 
able in making sure our political activity is effective. 

Comparing the portrait of humanhnd offered by evolutionary theory with the 
content-free image proffered by the extreme cultural relativism favored by much 
postmodernist thought, I find that the former is likely to be closer to reality, and a 
more useful guide to social action. Unfortunately, selectionist theory will proba- 
bly not make much headway against the winds of postmodernism until it makes 
substantial progress in overcoming what cultural anthropologists see as its great- 
est weakness: the treatment of culture. With this thought, it is time to turn to the 
future. 

WHERE’, SHOULD WE BE? 

What should we aim for during the next twenty years? Some answers to this 
question are obvious. The public relations battle discussed in the first section will 
need continued attention. The rich tradition of sophisticated empirical research 
will continue to expand. With all due cautions, selectionist input into social policy 
will increase. As Smith notes, after having spent twenty years defining their dif- 
ferences, evolutionary psychology, human behavioral ecology, and dual inheri- 
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tance theory must spend the next twenty producing an integrated selectionist 
approach to human social behavior. 

I believe that the most important task in the next twenty years will be to incor- 
porate “culture” into selectionist models of human behavior in ways more subtle 
than has been possible previously. While some theorists find the concept of culture 
unnecessary (Betzig 1997:17), most of the authors in this volume view it as vital 
to their research. Several authors call for more analysis of the decision rules indi- 
viduals use in selecting among behavioral alternatives. I assume that such decision 
rules must be examined through the cultural logics in which they are embedded. 
The benefits of a new approach to culture do not flow only from cultural anthro- 
pology to evolutionary approaches to human behavior. The feedback between 
selectionist theory and cultural information may offer cultural anthropologists 
new insights into the dynamics of cultural systems. 

Cronk’s paper offers a glimpse into some possible rewards of adding “culture” 
to selectionist models. He notes that the Mukogodo are part of a larger cultural 
system with an expressed preference for males. His information on the stated pref- 
erences of Mukogodo women suggests either the absence of a preference or a 
slight bias toward males. However, these data were collected using prompts about 
desired family size and composition. It would be very interesting to have the same 
data for males and females gathered with several different prompts. Even more 
interesting would be an analysis of how variation in the culture of parenting 
behavior correlates with actual parenting behavior. 

Borgerhoff Mulder’s (1996) study of changes in Kipsigis bride-wealth provides 
another illustration of the types of questions that can be raised with selectionist 
thinking. Did the culture of bride-wealth (in Cronk’s sense of a set of socially 
transmitted bits of information) contain several mutually exclusive notions at the 
start of the period covered by her research? Were these ideas known to all males, 
or were there differences in their distribution? Did the changes she describes result 
in the creation of many new cultural concepts, or mainly the re-weighting of the 
traditional ideas? Was it easy to switch from acting on one concept to another, so 
that switchers achieved success in both the old and new environments? Or, did the 
changes mean that those who had opted to act on a less successful concept in the 
traditional environment suddenly find themselves more successful in the new 
environment? 

The incorporation of culture into selectionist models will be made easier by 
cultural anthropology’s shift from emphasizing cultural homogeneity to analyzing 
intracultural variation. As noted in the second section, methodologies such as 
MDS and cognitive mapping can provide quantitative measurements of intracul- 
tural variation that can be easily integrated into selectionist research protocols. A 
very promising tool is the Culture as Consensus model developed by Romney and 
colleagues (1986). Such tools would be useful in distinguishing cases where 
behavioral differences are associated with cultural differences (perhaps indicating 
alternative strategies) from cases where behavioral differences exist without cul- 
tural differences (suggesting a “best of a bad job” situation). 
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A serious consideration of culture by evolutionary thinkers is required to meet 
two of the most important challenges to the perspectives advanced in this volume. 
One challenge comes from the perspective of cultural determinism, while the 
other comes from within the selectionist perspective. 

Marshall Sahlins argues that selectionist social scientists are victims of the 
longstanding Western desire to explain all social reality as produced by the striv- 
ing of individuals to fulfil1 pre-cultural biological needs. Sociobiology thus 
becomes another example of the Western cosmology trying to fit all other cultural 
realities into its tidy framework: 

One probably does not need much persuasion that our folk anthropology is disposed 
to these explanations of culture by nature. Ranging from racism in the streets to 
sociobiology in the universities and passing by way of numerous expressions of the 
common tongue, biological determinism is a recurrent ideology of Western society. 
Its ubiquity, I will argue, is a function of its transmission in anthropological tradi- 
tions of cosmic dimensions: . . . the concept of man as a willful creature of need, 
especially as this notion has developed under the market economy, and, also, the the- 
ory of the human constitution inscribed in the Great Chain of Being, especially as 
linked to the antagonistic dualism of flesh and spirit of the Christian nightmare-the 
flesh as brutish, self-regarding animal nature underlying and overcoming the better 
inclinations of the human soul (1996400). 

On a superficial level, Sahlins restates the point that sociobiological ideas, like 
all other Western social science concepts, have their origin in Western social real- 
ities. As I noted above, the origin of scientific ideas ultimately has little to do with 
their validity. Sahlins has a more interesting point, one that forcefully demon- 
strates why selectionist thinkers need to grapple with the concept of culture. He 
sketches several cosmologies with social realities that are alien to the traditions of 
Western social science. What are we to make of his point that other societies con- 
ceptualize and explain social and physical reality with cultural logics different 
than Western cultural logic? One possible response is to suggest that selectionist 
theory need not consider how any group of people, including Westerners, sees its 
social reality. If selectionist theory can accurately predict behavioral outcomes 
without asking how people see their world, linking models derived from nonhu- 
man animals to human behavior is made easier. In fact, listening to what people 
say is going on can frequently mislead. If Cronk had accepted Mukogodo state- 
ments about investment biases toward males, he might have missed the advantages 
females seem to accrue. 

If we accept that selectionist social science needs to include “culture” in its 
explanations of human behavior, how can Sahlins’s call for constant awareness of 
alternative cosmologies (“methodological cosmopolitanism”) be incorporated 
into research? I see several possibilities that might apply to any particular case. 
Take the example of the free rider problem. Most selectionists assume that this 
problem is inevitable in any system with common goods and that actions must be 
taken against its destroying the system. One question to ask is whether people liv- 

. 



492 J. Patrick Gray 

ing in other cultural logics just not to conceptuaIize the free-rider problem, or do 
they conceptualize it differently than Westerners? A second question is: do people 
in other cultures act as if they were coping with the free rider problem even if they 
do not conceptualize it, or conceptualize it differently than Westerners? Theorists 
who find culture unnecessary assume that the answer to this question is yes, A 
third question is: is the free rider problem a trap of Western cosmology that would 
disappear if we changed our cultural logic? Might some alternative cultural logics 
sketched by Sahlins create a world where common goods exist and there is no 
need to deal with the possibility of free riders? This possibility is the one most 
desired by postmodemists most enamored of the idea that cultural logics are 
incommensurate. 

As selectionists conduct research, they should seize opportunities to deepen 
our understanding of culture by engaging in methodological cosmopolitanism. 
Dwyer and Minnegal’s (1997) analysis of reciprocal altruism and the free-rider 
problem among the Gwaimasi sago producers of New Guinea illustrates the 
potential for this type of research. A recent trend in Melanesianist cultural anthro- 
pology has been to emphasize the difference between Western and Melanesian 
social logics (see Strathern 1988, 1991), so Dwyer and Minnegal’s finding that 
Gwairnasi hosts were less willing to permit free riding by guests when the proba- 
bility of reciprocation disappeared is very interesting. Although Dwyer and Min- 
negal do not provide a full analysis of Gwaimasi social logic, their discussion of 
how discourse on relationships between guests, hosts, and resources changed as 
the probability for reciprocation declined illustrates the type of data necessary to 
meet Sahlins’s challenge. They describe a host chopping down a tree planted by a 
guest and angrily demanding that the guests leave. It would be interesting to know 
the cultural logic he used in making this demand and how it related to the logic 
that had permitted guests free access to host land just a few months earlier. 

The challenge to the perspective of this volume from within the selectionist 
perspective is the possible role of group selection in human evolution. After 
twenty years of debate, the issue of group selection is still not settled in evolu- 
tionary social science (see the debates in Boehm 1996; Palmer et al. 1997; Sober 
and Wilson 1998; Wilson 1998; Wilson and Sober 1994). I: expect the next few 
years will see an increase in research designed to test competing hypotheses gen- 
erated by group selectionist and lower level selectionist perspectives. There is lit- 
tle of group selection in the current volume, although Sugiyama and Chacon’s use 
of Tooby and Cosmides (1996) foreshadows forthcoming debates. Tooby and 
Cosmides sketch pathways to altruism that do not involve kin selection or recip- 
rocal altruism. Consideration of what role these pathways played in human evolu- 
tion and whether they can be conceptualized in ways that do not require some form 
of group selection will be one of the most important tasks of the next few years. 

In the 1979 AAA volume, E. 0. Wilson predicted that “Anthropology will 
become more biological, and biology will become more anthropological. The 
seam between the two subjects will disappear, and both will be richer” (1979521). 
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The papers in this volume are excellent illustrations of the mutual enrichment that 
is possible. Unfortunately, the two fields have not grown closer together during the 
past twenty years. Instead, a chasm has opened, threatening to isolate them from 
each other. We can only hope this was a temporary situation and that continued 
theoretical advancement and empirical research will eventually close the gap. 
There are signs that the postmodernist moment in cultural anthropology is waning 
and that younger researchers are more willing to consider evolutionary approaches 
to human social behavior. The next twenty years will be as exciting as the previ- 
ous twenty. 

NOTES 

1. I personally find the label “sociobiology” useful €or describing the types of research 
discussed in this volume. However, the phrase has now accumulated so much baggage that 
it is best to set it aside for a while. The phrases “selectionist social science” and “selectionist 
thinking” recommend themselves because they can accommodate each of the research tra- 
ditions described by Smith without favoring one over the others. 

2. See South and Lloyd (1995) for American data on this topic. 
3. The lawyers can get some guidance from Beckstorm (1985, 1989). 
4. Bourdieu and Passeron (1990:4) write, “every power which manages to impose 

meanings and to impose them as legitimate by concealing the power relations which are the 
basis of its force, adds its own specifically symbolic force to those power relations.” 
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