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Female-biased parental investment is unusual but not unknown in hu­
man societies. Relevant explanatory models include Fisher's principle, 
the Trivers-Willard model, local mate and resource competition and 
enhancement, and economic rational actor models. Possible evidence of 
female-biased parental investment includes sex ratios, mortality rates, 
parents' stated preferences for offspring of one sex, and direct and indi­
rect measurements of actual parental behavior. Possible examples of 
female-biased parental investment include the Mukogodo of Kenya, the 
Ifalukese of Micronesia, the Cheyenne of North America, the Herero of 
southern Africa, the Kanjar of south Asia, the Mundugumor of New 
Guinea, contemporary North America, and historical Germany, Portugal, 
and the United States. 
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Societies in which sons receive better treatment than daughters are 
commonplace in ethnographic and demographic research, whereas soci­
eties in which daughters are favored are relatively rare. This article 
focuses on evolutionary biological explanations of female-biased paten-
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tal investment. The major theories involved are introduced first, fol­
lowed by a discussion of the evidence for sex-biased parental investment 
and some illustrative examples. 

Research on sex-biased parental investment is closely related to stud­
ies of biased sex ratios, but the two topics are distinct. This article is 
concerned with parental investment; sex ratios are discussed only when 
they are used as evidence of sex-biased parental investment. 

THEORETICAL OVERVIEW 

Two complementary questions have motivated the large and growing 
body of recent biosocial research on sex-biased parental investment. 
First, what might be the adaptive advantages of parental preference for 
children of one sex? Second, what are the physiological and behavioral 
mechanisms involved in sex-biased parental investment? 
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The Evolutionary Biology of Sex-Biased 
Parental Investment 

Fisher's Principle. Charles Darwin was the first to attempt an evolu­
tionary biological explanation of the sex ratio. Although at first he 
considered the balanced population sex ratios that are commoninna­
ture to be examples of a trait that evolved because of its advantages to 
the species, he later decided that "the whole problem is so intricate that 
it is safer to leave its solution for the future" (Darwin 1874:293). An 
explanation based on the reproductive advantages to individual parents 
was offered by .A, Fisher (1958:158-]69; seealsoCharnov 1982;Daly 
and Wilson 1984:224-226; Shaw and Mohler 1953), who began with the 
observation that because every individual in a sexually reproducing, 
diploid species gets half of its genetic material from its father and half 
from its mother, selection should favor parents who invest equally in 
daughters and sons. The idea is that a single unit of investment in an 
individual of one sex will have the same effect on a parent's fitness 
(measured in terms of grandchildren) as a unit invested in the other sex. 
If daughters and sons cost the same to produce, then equal numbers of 

sons and daughters would be expected. On the other hand, if daughters 
and sons do not cost the same, selection would favor greater production 
of the cheaper sex so the overall parental investment in the sexes is 
equal. For example, if sons cost half as much to rear as daughters, the 
equilibrium sex ratio for the population will b e200 males for every 100 
females. Although an average male will leave only half as many off­spring as an average female, males also cost only half as much to 
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Table 1. Predictions Based on Fisher's Principle 

389 

Relative Costs of 
Daughters and Sons 

Daughters cheaper 
to produce 

Sons cheaper to 
produce 

Daughters and sons 
cost the same to 
produce 

Sex Ratio at 
Birth 

Female-biased 

Male-biased 

Equal 

Amount 
of Parental 
Investment 

in Each 
Individual 

Born 

Male-biased 

Female-biased 

Equal 

Overall Ratio 
of Parental 
Investment 

in the Two Sexes 

Equal 

Equal 

Equal 

produce, so one unit of investment in sons will yield the same number 
of grandchildren as one unit of investment in daughters. 

Because Fisher's principle is an explanation of why the overall ratio of 
parental investment in the two sexes in a population should be equal, 
strictly speaking it does not contribute much to a discussion of female­
biased parental investment. Although Fisher's principle would predict 
female-biased offspring sex ratios in certain circumstances and greater 
parental investment in individual daughters than sons in others, de­
pending on how one measures parental investment, almost any species 
or society could be interpreted as having "female-biased parental invest­
ment" (Table 1). If one uses the sex ratio as one's yardstick, then Fisher's 
principle predicts that, when daughters cost less to produce than sons, 
parents would have more daughters, which might be interpreted as 
female-biased parental investment. If instead one uses the amount par­
ents invest in each individual offspring as a measurement of parental 
investment, then societies in which sons are cheaper would be defined 
as having "female-biased parental investment." The important thing to 
note is that, if Fisher was correct, in all of these situations selection 
should favor an overall equal ratio of parental investment in the two 
sexes, and in none of them would we be justified in labeling the popula­
tion as having female-biased parental investment. 

Fisher's principle may, however, help to explain why so few examples 
of female-biased childhood sex ratios are found in human societies. If 
males tend to die at a higher rate than females before the end of the 
period of parental investment, then males would be, on average, cheap­
er to rear because the period of parental investment would be cut short 
for many of them. Because parents should produce more of the cheaper 
sex, they should produce more sons. This pattern is precisely the one we 
see in most human societies. With some exceptions, in most human 
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societies male children tend to suffer from higher mortality rates than 
females, and slightly more male children are usually born. 

The Trivers-Willard Model. Fisher's prediction of overall equal paren­
tal investment in the sexes applies to the population average, and in 
certain circumstances natural selection may favor deviations from equal 
parental investment by individual parents (Clutton-Brock and Albon 
1982). Trivers and Willard (1973) identify one set of conditions that could 
lead to sex-biased parental investment. In its broadest formulation, the 
Trivers-Willard model predicts that if the condition of mothers during 
the period of parental investment correlates with the probable reproduc­
tive success of their offspring, natural selection should favor the ability 
of parents to adjust their investment in the sexes to favor the sex with 
the best reproductive prospects. More specifically, Trivers and Willard 
predict that, when the reproductive success of males is more variable 
than that of females and males benefit more than females from good 
maternal condition and suffer more than females from poor maternal 
condition, males should be favored by mothers in good condition and 
females by mothers in poor condition. Among humans, Trivers and 
Willard suggest that socioeconomic status may be a good predictor of 
parental investment patterns if reproductive success of males is greater 
than that of females at the upper end of the hierarchy and lower·than 
that of females at the lower end (Table 2). 

The Trivers-Willard hypothesis has had a controversial but generally 
successful history of application to nonhuman species (see Clutton­
Brock and lason 1986; Gray 1985; Hrdy 1987, 1988). Among humans, the 
model has been applied to data from feudal north India, imperial China, 
medieval Europe (Dickemann 1979), historical Germany (Voland 1984, 
1988; Voland et al. 1991), medieval Portugual (Boone 1986, 1988), the 
Micronesian atoll of Ifaluk (Betzig and Turke 1986), nineteenth-century 
Mormons (Mealey and Mackey 1990), contemporary North America 
(Gaulin and Robbins 1991), and the Mukogodo of Kenya (Cronk 1989a, 
1989b; see also Sieff 1990 for a review). Five cases that may involve 
female-biased parental investment (Germany, Portugal, the Mukogodo, 
lfaluk, and the Cheyenne) will be discussed below. 

Kin, Mates, and Resources. Natural selection may also favor sex biases 
in parental investment if offspring compete among themselves or with 
their parents for access to resources or mates, or if one sex of offspring 
tends to enhance the reproductive success of its parents or siblings by 
providing either resources or mates (Clark 1978; Hamilton 1967). If 
siblings of one sex tend to compete with one another or their parents for 
mates or resources, this competition may increase the costs of rearing 
offspring of that sex, and natural selection will favor greater production 
of the less competitive sex (Table 3). This situation is referred to either as 
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Table 2. The Trivers-Willard Model 
Predicted Bias Maternal Condition/ 

Socioeconomic Status 
Reproductive Prospects 

of Offspring in Parental Investment 

Poor/Low 
Good/High 

Daughters higher 
Sons higher 

In favor of daughters 
In favor of sons 

Table 3. Local Mate and Resource Competition and Enhancement 
Predicted Bias Overall Parental 
in Voluntary Investment (Both 

Parental Involuntary and 
Model Preconditions Investment Voluntary) 

Local mate One sex of offspring In favor of the Equal 
competition more expensive less 

because it competes competitive 
with parents or sex 
siblings for mates 

Local resource One sex of offspring In favor of the Equal 
competition more expensive less 

because it competes competitive 
with parents or sex 
siblings for 
resources 

Local mate One sex of offspring In favor of the Equal 
enhancement cheaper because it cheaper sex 

enhances the mating 
success of parents 
or siblings 

Local resource One sex of offspring In favor of the Equal 
enhancement cheaper because it cheaper sex 

enhances resource 
base of parents or 
siblings 

local mate competition (Hamilton 1967) or local resource competition (Clark 
1978), depending on the object of competition. On the other hand, if 
offspring of one sex tend to help their parents or siblings by attracting or 
obtaining mates or resources, this assistance may decrease the costs of 
rearing offspring of that sex, and natural selection should favor greater 
production of the cheaper, more helpful sex. This situation is referred to 
as either local mate enhancement or local resource enhancement (Sieff 1990; 
see also Toro 1982; Trivers and Willard 1973). 

The essence of these ideas is the same as that of Fisher's principle: 
when offspring of one sex cost more than offspring of the other, parents 
should produce more offspring of the cheaper sex (see Hoogland 1981). 
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The contribution of the local mate/resource competition/enhancement 
model is to point out that in some circumstances male and female 
offspring will impose different costs on parents regardless of the wishes 
of the parents themselves, and that this difference will lead the parents 
to direct more of their voluntary and deliberate investment toward the 
cheaper sex. For example, competition between sons and parents for 
resources will increase the amount parents must invest in a son. The fact 
that much of the increased investment will be the involuntary result of 
their competition with sons for resources does not take it out of the 
category of parental investment (Trivers 1972:139), and Fisher's princi­
ple still applies. Most research on sex-biased parental investment is 
primarily concerned with voluntary and deliberate parental investment, 
however, and local mate/resource competition/enhancement is still help­
ful as a guide to circumstances in which parents may prefer to direct 
their voluntary parental investment toward either daughters or sons. 

Local mate competition has been most successfully applied to a vari­
ety of insect species (Griffiths and Godfray 1988; Hamilton 1967; Werren 
1980) and may also explain sex ratio biases in wood lemmings (Myopus 
schisticolor) (Trivers 1985:277-278; Williams 1979). Local resource compe­
tition was first identified among African galagos. Whereas male galagos 
range widely, females remain near their mothers' home ranges and are 
therefore more costly because they compete with their mothers for food. 
Galago mothers accordingly produce fewer competitive, costly daugh­
ters and more sons (Clark 1978; for other nonhuman examples, see 
Caley and Nudds 1987; Clutton-Brock et al. 1982; Cockburn et al. 1985). 
Red-cockaded woodpeckers provide a possible example of local resource 
enhancement (Gowaty and Lennartz 1985). In this cooperatively breed­
ing species helpers-at-the-nest are almost always males, and the off­
spring sex ratio is significantly biased toward males. 

Although these ideas have only rarely been tested on data from 
human societies (e.g., Cronk 1989a, 1990), circumstances that may make 
offspring of one sex cheaper or more expensive to rear are common in 
our species. For example, in societies with bridewealth, competition 
among brothers and between fathers and sons for access to and control 
of resources with which to pay for wives might lead to a parental 
preference for daughters. Daughters in these societies would also have 
the added benefit of attracting bridewealth payments from other men. 
Similarly, daughters may be favored in societies with direct exchange of 
women, rather than bridewealth, if fathers, sons, and brothers compete 
with one another for the right to negotiate their daughters' and sisters' 
marriages. And finally, one sex or the other might make itself cheaper 
by doing more work. For example, on the Micronesian island of Ifaluk 
daughters are generally more helpful to their parents than sons, and 
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women whose first two children are daughters have higher reproductive 
success than women whose oldest children are sons (Turke 1988). How­
ever, there is no evidence of any tendency among Ifalukese to have 
more firstborn daughters than firstborn sons. Other possible examples 
of local mate and resource competition and enhancement are discussed 
below. 

Other Explanations of Sex-Biased Parental 
Investment 

Alternatives to the evolutionary biological approach to sex-biased 
parental investment come in two major varieties, idealist and materialist 
(Hrdy 1990:26). The idealist approach rests on the idea that parents' 
valuations of sons and daughters are essentially cultural constructs and 
as such are not reducible to either reproductive or economic costs and 
benefits. The fact that, as will be shown below, there is often sur­
prisingly little fit between parents' actual behavior and their stated, 
culturally determined preferences gives little support to this point of 
view. 

The nonevolutionary materialist approach holds that parents are ratio­
nal actors, favoring sons or daughters according to the costs and benefits 
associated with offspring of each sex. These costs and benefits are 
usually conceived of in economic terms, although occasionally such 
benefits as group defense by males, the role of one sex or the other in 
descent group formation, and alliance formation through marriage may 
enter into the analysis (Hrdy 1990). Das Gupta's study of parental 
behavior in rural Punjab is a good example of this approach (Das Gupta 
1987). Rural Punjabi sons in general are favored and usually have lower 
mortality rates than daughters, which Das Gupta attributes to a complex 
of cultural, social, and economic factors. It is interesting to note, how­
ever, that firstborn daughters in the rural Punjab actually have lower 
mortality rates than firstborn sons (95.7 vs. 126.8 deaths per 1000 live 
births), possibly because mothers favor firstborn daughters for the help 
they provide in caring for their younger siblings (Sieff 1990:33). Bambara 
women in Mali also say that although they have no overall preference 
for sons or daughters, they prefer daughters to be born first so they can 
benefit from their daughters' help (K. Dettwyler, personal communica­
tion; see Johansson 1984 for an economic explanation of a case of male­
biased parental investment). 

These materialistic, rational-actor models are very similar to the local 
resource enhancement and competition models described above. The 
fundamental difference between the two approaches is the level of 
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explanation sought. Local resource enhancement and competition mod­
els, like other evolutionary biological models, attempt to explain behav­
iors in terms of their consequences for reproductive success. In order to 
demonstrate that a model is relevant to a particular case, one must 
demonstrate not only that parents favor the cheaper sex, but that par­
ents benefit reproductively as well as economically or socially from the 
modeled behavior. If reproductive benefits cannot be demonstrated, 
then the behavior is explained only on the proximate level of rational 
economic decision-making. In only one case (Cronk 1990 and below) has 
a demonstration been attempted for a human example, and the results 
were negative, but many other opportunities exist for these tests, some 
of which will be discussed below. It is important to note that because 
they are concerned with different levels of explanation, the rational actor 
and local resource enhancement/competition models are complemen­
tary, not contradictory. 

Sources of Evidence of Sex-Biased Parental 

Investment 

Given that in some circumstances it may be adaptive for parents to 
favor children of one sex over children of the other, how is sex-biased 
parental investment accomplished, and what sorts of evidence have 
been used to identify it? One way to bias one's investment in favor of 
one sex is simply to give birth to more of that sex. In general, human sex 
ratios at birth are slightly male biased, although a number of factors, 
including the timing of fertilization, smoking, and a variety of diseases, 
may be able to lower the ratio (see James 1987a for a review). The main 
difficulty with using the sex ratio at birth as evidence of sex-biased 
parental investment is that good data are often hard to come by, espe­
cially in traditional societies. As explained above (Table 1), even when 
the sex ratio at birth is strongly biased, overall parental investment is not 
necessarily biased in the same direction. 

It is also unclear how responsive the sex ratio at birth is to conditions 
experienced by the parents. The main evidence of responsiveness is that 
males appear to be more vulnerable to maternal condition during preg­
nancy both pre- and postnatally (Stinson 1985). For example, in one 
study of pregnancies among 140 female former anorexia nervosa pa­
tients, the sex ratio at birth was even (n = 86), but the death rate during 
the first week of life was highly biased (six males and only one female 
died; Brinch et al. 1988). This greater male vulnerability to conditions 
during pregnancy may fit the prediction of the Trivers-Willard model 
that mothers in poor condition should produce more daughters. On the 
other hand, greater male vulnerability could be an effect of a develop-
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mental process that has nothing to do with the Trivers-Willard model. 
To test the validity of this prediction, we need studies of sex biases in 
vulnerability to maternal condition during pregnancy in species in 
which the reproductive success of female offspring is typically affected 
more by maternal condition than is the reproductive success of males. If 
in these cases we find greater female vulnerability to maternal condition 
during pregnancy, it would strengthen the argument that greater male 
vulnerability to conditions during pregnancy in our species is a product 
of the Trivers-Willard scenario and not just happenstance. 

Sex biases in parental investment may also be reflected in birth­
spacing patterns (Gaulin and Robbins 1991). For example, longer inter­
vals following the births of girls than those following boys may reflect a 
desire by parents to devote more attention to the rearing of daughters. 
Alternatively, intervals may be longer before the births of the favored 
sex if the in utero death rates of the other sex are increased (Jane 
Lancaster, personal communication). 

After birth, parents have a wide variety of ways to bias their invest­
ment in favor of children of one sex, ranging from infanticide to neglect 
to differential solicitude. The difficulty is not in imagining the methods 
parents use, but in detecting them. One way is to look for the possible 
effects of sex-biased parental investment on childhood sex ratios and 
associated childhood mortality rates. The main problem with this ap­
proach is that many other things besides parental behavior can affect 
these variables. For example, males may be more vulnerable to environ­
mental stresses than females (Stinson 1985), or work patterns may 
expose children of one sex to greater risks. 

Another way to detect parental sex biases is by asking them their 
preferences. In most societies, parents express either no preference or a 
preference for sons, but preferences for daughters have been noted in 
Jamaica and Venezuela (Cleland et al. 1983) and among Colombian 
women (Turner and Simmons 1975 [cited in Coombs 1977:265]), some 
Filipinos (Coombs 1977; Stinner and Mader 1975), American women of 
Hispanic origin (Coombs 1977), and Australian women of Greek and 
Italian origin (Callan and Kee 1981). The difficulty with these data is that 
informants' statements about their own behavior are likely to be better 
guides to their beliefs and traditions than to their actual behavior, 
and the two may not necessarily coincide (Cronk 1991a; Harpending and 
Pennington 1991; Hrdy 1990; see also the Mukogodo, Ifalukese, and 
Herero examples, below). 

Finally, one can look at the actual behavior of parents. This approach 
is clearly the best way to detect sex-biased parental investment, but it is 
by no means the easiest or most clear-cut. Infanticide can provide some 
of the most dramatic evidence of sex-biased parental investment. Infan­
ticide among humans is most often female-biased. A notable exception 
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are the Ayoreo Indians of Bolivia; however, the sex ratio of infanticide 
deaths (194:100) is not significantly different than the sex ratio of births 
(137:100; �

� = 2.20; p > .10; Bugos and McCarthy 1984; see also Perez 
Diez and Salzano 1978). Thus, even sex biases in infanticide are not 
necessarily good evidence of sex-biased parental investment. 

Another approach is to observe parental behavior for signs of greater 
solicitude toward one sex. This observation may be done either directly, 
through the use of behavioral scan techniques (Altmann 1974; Bor­
gerhoff Mulder and Caro 1985; Gross 1984), or indirectly through the use 
of other indicators of investment patterns. Betzig and Turke (1986), for 
example, used behavioral scans to study association patterns between 
parents and offspring on Ifaluk. One of the main advantages of this 
method is that it can be replicated almost anywhere, making systematic 
comparisons possible. One difficulty with this method is that "associa­
tion" may be a weak guide to parental investment patterns, and it may 
be hard to say whether the benefits of association are flowing from 
parents to offspring or vice versa (Betzig and Turke 1986; Sieff 1990:32). 
Breast-feeding patterns provide a much less ambiguous guide to paren­
tal investment patterns. Frequency and length of nursing bouts, length 
of the nursing period in a child's life, and, in societies with alternatives 
to breast milk, the proportions of children of each sex that are breast fed 
can all be good guides to parental investment patterns (Cronk 1989a; 
Gaulin and Robbins 1991). 

Indirect measurements of parental investment patterns can be ob­
tained from a number of sources. For example, the records of a dispens­
ary and a clinic suggest that Mukogodo parents are more solicitous of 
daughters than of sons (Cronk 1989a, 1989b, and below), and marriage 
records and dowry customs suggest that lower-status Portuguese no­
bility were more willing to invest in daughters than sons (Boone 1986). 
The disadvantages of using records are that they reveal only a small slice 
of total parental investment and that this method is not easily replicated 
elsewhere because comparable records may not be available for other 
societies. 

Anthropometry provides another very promising but infrequently 
used way to assess parental investment in the sexes. For example, 
analysis of body fat through skinfold measurements can reveal differ­
ences in the health and nutritional status of boys and girls that may be 
the result of differential parental investment (Harpending and Kurland 
1991). Other possibilities include the use of hormonal assays to assess 
stress levels among children and parents (Ellison 1988; Harpending and 
Kurland 1991) and the employment of theory-blind medical practitioners 
to assess children's health and nutritional status. Like sex ratios and 
mortality rates, however, sex differences in health status may be pro­
duced by factors other than parental behavior. 
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EXAMPLES 

The Mukogodo 

The Mukogodo are a small group of impoverished Maa-speaking 
pastoralists in Kenya . Until the 1920s and 1930s, they lived in caves as 
hunter-gatherers and beekeepers. Other Maa-speaking pastoralists gen­
erally despise foragers, and the Mukogodo are still stigmatized by their 
past. As a result of both their low status and their poverty, Mukogodo 
men are less successful than men from neighboring groups in obtaining 
wives and have relatively poor reproductive prospects . Mukogodo 
women, on the other hand, can always find a husband, either among 
the Mukogodo themselves or among one of the wealthier neighboring 
groups, and they have good reproductive prospects. As a result, the 
reproductive success of Mukogodo females is significantly higher than 
that of males. According to the Trivers-Willard hypothesis, Mukogodo 
parents should favor daughters since they have better reproductive 
prospects than sons, and the available evidence indicates that they do 
just that. The childhood sex ratio (ages 0-4) is significantly female-biased 
(67:100) . Because the sex ratio at birth is probably about equal or even 
slightly male-biased, the sex ratio bias is most likely the result of better 
treatment given daughters. Support for this interpretation comes from 
data on the use of local health facilities: Mukogodo parents are more 
likely to take daughters than sons to a local dispensary and to enroll 
them in a child care clinic (Tables 4 and 5) . Furthermore, they may nurse 
daughters longer than sons (0. 5  < p < 0. 10; see Cronk 1989a, 1989b) . 

Another possibility is that, in accordance with the local resource 
enhancement hypothesis, Mukogodo parents favor daughters because 
they attract bridewealth payments that may help their fathers or broth­
ers to obtain more wives. If this expectation were true, then men with 
more daughters or more sisters should have more wives, but no such 
relationship can be found in the data . A regression of total number of 
wives and number of daughters from men's first marriages who sur­
vived to age 15 reveals no significant relationship between these vari­
ables (N = 220, Pearson correlation coefficient = 0 .111,  regression 
coefficient = 0 .041, t = 1 . 652, p[two-tailed] = 0 . 100) . Similarly, the 
mean number of wives for men with daughters from their first marriage 
who survived to age 15 is actually slightly less than the number of wives 
for men with no such daughters, although the difference is not statis­
tically significant (mean [no daughters] = 1 .333; mean [some daughters] 
= 1 .320; t = 0. 13; p[two-tailed] > 0.25) . Nor do women enhance the 
marital success of their brothers. No statistically significant relationship 
was found between men's numbers of full sisters surviving to age 15 and 
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Table 4. Visits by Children Ages 0-4 to the Don Dol Roman 
Catholic Mission Dispensary in 1986, by Ethnic Group, Sex, 
and Type of Visit 

n 
N 

Population 
percentage° 

Mukogodo 

Males Females 

New Repeat New Repeat 
Visit Visit Visit Visit 

74 35 113 78 
109 191 

(36.3%) (63.7%) 

42.2% 57.8% 

Non-Mukogodo 

Males Females 

New Repeat New Repeat 
Visit Visit Visit Visit 

153 76 116 69 
229 185 

(55.3%) (44.7%) 

51% 49% 
T he Mukogodo figures are based on the numbers of person-years lived by children of 

each sex in the 0-4 age group in 1986. The non-Mukogodo figures are based on the 1979 
Kenyan census (Central Bureau of Statistics 1982 : 122). 

The female bias in visits to the dispensary is significantly different than the pattern 
shown by the non-Mukogodo dispensary visitors (X = 13.4369, p < .001). 

Table 5. Enrollment and Attendance at an Underweight Baby Clinic 
Run by the Don Dol Roman Catholic Mission, by Ethnic 
Group, in 1986 

Officially enrolled 
Population 

percentage" 
Actual monthly 

attendance 
Person-months 

lived" 

Mukogodo 
Males Females 

• .: • % 

12 (34.3%) 23 (65.7%) 
� - . . ° :  

42.2% 57.8% 

121 (38.5%) 193 (61.5%) 

768 (44.4%) 960 (55.6%) 

Non-Mukogodo 

Males Females 

206 (49.1%) 214 (50.9%) 

51% 49% 

NA NA 

NA NA 
* The Mukogodo figures are based on the numbers of person-years lived by children of 

each sex in the 04 age group in 1986. The non-Mukogodo figures are based on the 1979 
Kenyan census (Central Bureau of Statistics 1981 : 122). � Total numbers of months lived during 1986 by Mukogodo children of each sex. 

The female bias in actual monthly attendance among the Mukogodo is statistically 
significant (x = 4.441, p < .05) . 

their numbers of wives (N = 330, Pearson's correlation coefficiee' 
0.095, regression coefficient = - 0.045, 1 = -1.731, p[two-tj[f] , 
0.084). The lack of any relationshipbetweenmen's numbers of da"8], 
ters and sisters and their numbers of wives may be due to he poverty of 
the Mukogodo. Mukogodo herds are so small that it is probably unusual 
for a Mukogodo man to be able to take livestock given to him as 
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Table 6 .  Stated Offspring Sex Preferences of Mukogodo Women 
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Stated 
Preference 

More boys 
More girls 
Even 
No preference 
Total 

More Boys 

8 
0 

1 1  
18 
37 

Sex of Current Offspring 
More Girls Even 

3 
3 

16 
24 
46 

2 
0 
8 
8 

18 

None 

1 
6 
9 
4 

20 

Total 

14 
9 

44 
54 

121 

bridewealth and immediately use it to pay for another wife for himself or 
one of his sons. Most men would probably have to use animals received 
as bridewealth to pay off debts and to maintain reciprocal livestock 
sharing arrangements, to sell for cash, and simply to support their 
families. 

Interestingly, the stated sex preferences of Mukogodo women do not 
match their behavior (Table 6; Cronk 1991a). Although their behavior 
and the childhood sex ratio suggest a strong tendency to favor daugh­
ters, many mothers express a preference for sons, and their overall 
stated sex preference is roughly equal. This finding demonstrates the 
importance of coupling studies of parents' stated sex preferences with 
measurements of actual parental behavior, since the two do not neces­
sarily correspond. 

Ifaluk 

Ifaluk is an atoll in Micronesia inhabited by about 450 people who 
subsist mainly on fish, taro, breadfruit, and coconut (Betzig and Turke 
1986). Ifalukese society is mildly stratified, with five clan chiefs, two 
local village chiefs, two chiefly advisors, and ten likely adult successors 
to these positions. Chiefs enjoy a variety of perquisites, including trib­
ute, advantages in food-sharing arrangements, extra fish from coopera­
tive catches, and less work than other men of their age group (Betzig 
1988). Furthermore, Ifalukese chiefs have higher reproductive success 
than commoners (Turke and Betzig 1985) . Since World War II there have 
also been a few job opportunities on Ifaluk, and the 25 Ifalukese men 
who have worked for a salary also have greater reproductive success 
than other Ifalukese men (Turke and Betzig 1985). Following Trivers and 
Willard (1973), Betzig and Turke (1986) predicted that high-status men 
and men who had worked for wages would invest more in sons than in 
daughters and that lower-status Ifalukese would invest more in daugh­
ters . They measured parental investment by recording association pat­
terns between parents and children on an Ifalukese islet during 48 days 



400 Human Nature, Vol. 2, No. 4, 1991 

in 1983. Whereas about two-thirds of the time that high-status and 
wage-earning men spent associating with their children was spent with 
sons, low-status men spent nearly the same proportion of time with 
daughters (the difference is statistically significant) . The time mothers 
spent with their children was similarly distributed; the wives of high­
status and salaried men spent between 49% and 62% of their time with 
sons, and the wives of low-status men spent 65 .7% of their time with 
daughters. Although Betzig and Turke's analysis exhibits a number of 
problems (e.g . ,  failure to separate observations into parent-child dyads; 
see Sieff 1990:32), these data do appear to support the Trivers-Willard 
model, and perhaps similar behavioral scans will be used more often to 
gauge parental behavior. Finally, it is interesting to note that Ifalukese 
parental behavior does not correspond with earlier findings that the 
Ifalukese express a preference for daughters over sons (Burrows and 
Spiro 1957:246), which again demonstrates the danger of assuming that 
stated sex preferences reflect actual behavior. 

The Cheyenne 

Among the Cheyenne Indians in the late nineteenth century, young 
men had two possible roads to success (Moore 1990). The more pres­
tigious path, followed mainly by young men born to the most pres­
tigious polygynous families, was to become a trader, priest, or "peace 
chief." This goal was an expensive proposition since becoming such a 
leader required a young man's father and his agnates and allies . to pay 
gifts to instructors and sponsors. The other path was to try to become a 
"war chief" by bravery in battle. This less expensive but more danger­
ous route was followed mainly by young men born to poor, fragmented, 
and marginal families. Peace chiefs not only tended to survive longer 
than war chiefs, they also tended to be more polygynous. Cheyenne 
society at the time was also divided along these same lines into "peace 
bands" and "war bands," with peace bands being generally wealthier 
and of higher status than war bands. 

.. Records f rom a census in1892 suggest that the Cheyenne may have 
been adjusting their sex ratio, and thus perhaps their parental invest­
ment patterns, in accordance with the Trivers-Willard hypothesis. The 
sex ratio for children aged 0-4 was 27 males to 39 females (69:100) in the 
war bands and 33:34 (97:100) in the peace bands (Moore 1990). Although 
the female sex ratio bias in the low-status war bands is not statistically 
significant (x = 2. 182, p > .10), the data's fit with the expectations of 
the Trivers-Willard model is intriguing enough to justify further analy­
sis, which is currently being conducted by Diana Robinette of the Uni-
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versity of Tennessee . One factor that complicates this case is the use of 
adoption among Cheyenne to form same-sex play groups (Moore and 
Campbell 1989). Adoption occurred mainly within band types rather 
than between them, however, and thus may have had little or no effect 
on the sex ratios (see also Moore 1980, 1987). 

Historical Germany 

Eckart Voland and his colleagues have found evidence of female­
biased parental investment in historical demographic data from three 
different regions in Germany: Schleswig-Holstein, Ostfriesland, and the 
Krummhorn (Voland 1984, 1988; Voland and Siegelkow 1990; Voland et 
al. 1991) .  In a sample from Schleswig-Holstein between 1720 and 1869, 
the daughters of smallholders had better survivorship rates than sons 
(10.9% vs. 15.8% mortality during the first year of life), which may be 
due to their low status compared with an upper class of wealthier 
farmers, in accordance with the Trivers-Willard hypothesis (Voland 
1984; cf. Brittain et al. 1988:688). The Trivers-Willard model also received 
some support from data from Ostfriesland between 1668 to 1879, where 
mortality rates suggest that widows may have favored daughters over 
sons (Voland 1988). 

Data from the Krummhorn in the eighteenth and nineteenth centuries 
offer some of the most interesting evidence of female-biased parental 
investment (Voland and Siegelkow 1990; Voland et al. 1991) .  Infant 
mortality rates suggest that high- rather than low-status families biased 
their investment in favor of daughters, a pattern that corresponds with 
both the relative reproductive prospects and the parental investment 
costs of sons and daughters. Owing to land scarcity, only the youngest 
son of a farmer inherited any land, and as a result sons of wealthy 
farmers were more likely to remain lifelong celibates than those of 
smallholders and landless families . Furthermore, additional sons had to 
be paid their share of the inheritance, which weakened the economic 
power of the farm. 

The daughters of landed farmers were cheaper to raise than their 
brothers because they inherited only half as much capital as their broth­
ers. Moreover, the daughters of landed farmers were less likely to 
remain celibate than either their brothers or the daughters of small­
holders and landless families . Both the Trivers-Willard and local re­
source competition models seem to be relevant to this case: high-status 
Krummhorn parents may have been more solicitous of daughters be­
cause of their better reproductive prospects, their lower costs, and the 
damaging effects brothers may have had on one another's fitness owing 
to the scarcity of land. 
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Table 7. Neonatal Sex Ratios in Good, Bad, and All Harvest Years, 
1671-1720, in Turcifal Parish, Portugal 

Males 
Males Females per 100 Annual 
Born Born Females Mean Total 

Bad years (n = 14) 283 312 90. 71 42.50 595 
Good years (n = 36) 741 661 112.10 38.94 1402 
All years (N = 50) 1024 973 105.24 39.94 1997 

For sex-ratio difference between bad years and all years, �� = 6. 10; p < 0.025 
For sex-ratio difference between good and bad years, �� = 17.40; p < 0.0005 
Source: Cowgill and Johnson 1971:325 

Historical Portugal 

Nobility. Historical demographic data on the Portuguese nobility be­
tween 1380 and 1580 reveals another possible example of female-biased 
parental investment (Boone 1986, 1988). The Portuguese nobility was 
divided into four strata. Those with primary titles were on top of the 
hierarchy, followed by members of the royal bureaucracy, a landed 
aristocracy called the senhorial class, and untitled and military special­
ists. Among the upper nobility, male offspring had better marital pros­
pects than their sisters, whereas the reverse was true among the lower 
nobility. Furthermore, women needed dowries to marry, and the fact 
thatlower-status women had better marital success than higher-status 
women suggests that the parents in the lower nobility were more willing 
than those of the upper nobility to invest in daughters. Boone argues 
that because patrimonies among lower-status nobles were often incapa­
ble of supporting a noble household, the dowries paid by these house­
holds for their daughters' marriages may well have been larger than the 
amounts of property they passed on to their sons . No quantitative data 
is available to compare dowries and patrimonies, however, and thus it is 
not clear whether the greater willingness of lower-status parents to 
invest in daughters led to truly female-biased parental investment. 

Peasants. Female-biased parental investment is also suggested by 
data on peasants in the Portuguese parish of Turcifalbetween 1671 and 
1720 (Cowgill and Johnson 1971). Grain prices can be used as a rough 
guide to harvest quality: high prices may have been the result of poor 
harvests and short supplies of grain, whereas low prices may have been 
the result of good harvests and abundant grain supplies. Although the 
birth rate did not change with harvest quality, the sex ratio at birth did. 
When prices were high (and harvest presumably poor), more girls were 
born, but when prices were low (and harvest presumably good), more 
boys were born (Table 7) . Cowgill and Johnson (1971:325) conclude, 
"there is little doubt that the annual standard of living, as estimated by 
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Table 8. Correlations Between Wheat and Barley 
Prices and Male and Female Deaths, 
1671-1720, in Turcifal Parish, Portugal 

403 

Male Deaths Female Deaths All Deaths 

Wheat 0.1201 0.2830* 0.2189 

Barley 0.0770 0.4096** 0.2703 

*p < .05 
**p < .005 
Source: Cowgill and Johnson 1971 : 323 

the price of grain, had a significant association with the sex of a child ." 
Females seem to have suffered more than males from food stress during 
poor harvest years, judging from correlations between grain prices and 
mortality rates (Table 8). This difference may have been due to the 
custom in which food was usually first served to male family members, 
and women received only leftovers (Cowgill and Johnson 1971:325--326). 

The obvious conclusion from these data is that maternal food stress 
during pregnancy led to a female-biased sex ratio at birth, but exactly 
how and why this bias happened remains unclear. Cowgill and Johnson 
suggest that the proximate cause of the sex ratio variations was likely to 
have been male-biased stillbirths during poor harvest years. Unless the 
additional male fetal deaths occurred soon after conception and mothers 
were able to reconceive soon thereafter, however, the increased still­
births postulated by Cowgill and Johnson would have reduced the 
overall number of births during poor harvest years. Another possibility 
is that the sex ratio at conception was sensitive to maternal nutritional 
stress, but most available evidence indicates that famine has little effect 
on the sex ratio at conception (see James 1987b:887). The ultimate rea­
sons for the variations in sex ratios in Turcifal are no clearer. Perhaps 
investment in sons was avoided during bad harvest years because they 
are more sensitive both pre- and postnatally to maternal food stress 
during pregnancy (Stinson 1985) . Given all of the questions that remain 
about the data from Turcifal, a detailed reanalysis of Cowgill and John­
son's original data might prove worthwhile, especially in light of the 
progress that has been made in the past 20 years in research on sex ratios 
and parental investment patterns. 

Contemporary North America 

Gaulin and Robbins (1991) have suggested that the ability of mothers 
in modern American society to invest in their offspring may be influ­
enced by both annual household income and the presence or absence of 
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an adult male in the household, and that, in accordance with the 
Trivers-Willard model, women who are poor or who do not have the 
help of an adult male may invest more in daughters than in sons. 
The responses of several hundred women to a questionnaire about their 
socioeconomic circumstances and reproductive histories give limited 
support to this prediction. The most convincing supporting evidence 
comes from data on nursing: 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. In addition, women without 
an adult male present tended to breast-feed their daughters 5.5 months 
longer than their sons. Gaulin and Robbins also argue that a female bias 
in parental investment among poor women and those without coresi­
dent adult males is shown by longer intervals before the birth of daugh­
ters than before sons, but their reasoning is unclear. It is widely accept­
ed that the intervals following the birth of a child of a certain sex may 
reflect parental investment patterns, but it is not clear why the intervals 
before that child's birth would be subject to manipulation since it is not 
obvious how parents could reliably predict a child's sex before its con­
ception, even if the prediction is not conscious. One possibility is that 
the intervals before girls would be longer among women in worse 
condition since they would experience higher in utero death rates of 
male fetuses (Jane Lancaster, personal communication 1991), but Gaulin 
and Robbins do not make this argument themselves. Also, not all of the 
preconditions of the Trivers-Willard may be present among modern 
Americans.  Specifically, Gaulin and Robbins give no evidence that the 
reproductive prospects of the daughters of women who are poor or who 
do not have an adult male present are better than the prospects of these 
women's sons. If no difference exists, then the Trivers-Willard effect, if 
present, would have to be seen as a sort of vestigial response to a 
situation that in the human past would have made greater investment in 
daughters than in sons advantageous to parents. 

Nineteenth-Century United States 

United States census records have provided circumstantial evidence 
of shifts in parental investment in favor of daughters during the nine­
teenth century. The general pattern indicates that treatment of daugh­
ters may have been worst in rural areas and best in urban areas. The 
reason appears to have been economic. Sons were more valuable in rural 
farming areas, whereas industrialization presented daughters with new 
economic opportunities and increased their value to their parents. Ham­
mel, Johansson, and Ginsberg (1983) have shown that, in the United 
States as a whole, between 1800 and 1860 the childhood sex ratio in 
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nonurbanized regions was male-biased, whereas in more urbanized 
regions, such as New England, it was female-biased. These results 
match earlier findings from Massachusetts in 1860 that life expectancy 
was higher for male children in rural areas and in towns smaller than 
10,000 and higher for female children in towns of 10,000 people or more 
(Vinovskis 1972) . In a more detailed study of sex ratios and mortality 
patterns in Massachusetts between 1860 and 1899, Ginsberg and 
Swedlund (1986) found that although the survivorship of males aged 10-
19 was much better than that of females in areas dominated by agricul­
ture, fishing, forestry, and mining, the difference between male and 
female survivorship was much smaller in more industrialized areas. This 
example demonstrates dramatically how changes in the economic value 
of daughters can affect the amount of parental investment they receive. 
It is important to note that although these studies suggest that parental 
investment toward females increased with industrialization, the conclu­
sion that parental investment ever became truly female-biased, even in 
industrialized areas in nineteenth-century America, is not justified. 

The Herero 

The Herero are prosperous pastoralists in the northern Kalahari de­
sert. Several types of evidence indicate that Herero daughters are fa­
vored over sons. First, the infant and childhood death rates of Herero 
boys are between two and three times those of Herero girls, which is far 
beyond what would be expected from greater male vulnerability alone . 
The effects of the high male mortality can be seen on sex ratios. The sex 
ratio at birth is estimated to be 105 males to 100 females, but it drops to 
97:100 by the end of the first year of life and to 94:100 by the end of the 
fourth year. Second, some !Kung neighbors of the Herero have noticed 
the vulnerability of Herero sons and explain that Herero mothers take 
"their daughters to their hearts" but refuse their sons (Harpending and 
Kurland 1991) .  Finally, preliminary analysis of skinfold measurements 
show the effects of greater investment in daughters: by age 2, girls have 
almost 40% more triceps fat than boys. 

The reasons for this sex bias are not clear. Harpending and Pen­
nington (1991) tested a local resource enhancement model, with mixed 
results. The idea is that daughters may make themselves cheaper to 
raise by attracting wealth not only in the form of bridewealth payments, 
which are small, but also in the form of seduction and child fees paid by 
fathers of children of unmarried women. One prediction of Harpending 
and Pennington's model is that newborns should have better chances of 
surviving if they have older siblings of the opposite sex. A newborn boy 
may have better reproductive prospects if he has an older sister to attract 
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wealth to the family; while a newborn girl will be more valuable if she 
has an older brother to help by attracting wealth to the family. The 
available data only half-support this prediction. Although an older sister 
does have a significant positive effect on the survivorship of a newborn 
boy until age two, having an older brother does not enhance the survival 
chances of a newborn girl. Another possibility is that Herero parental 
behavior is affected by their child fostering customs. Many Herero 
children are fostered, and fostering by maternal grandmothers is espe­
cially common. Thus, having many daughters may provide women with 
more opportunities for indirect reproduction in the future (Harpening 
and Kurland 1991). This idea remains to be tested, but it does receive 
support from some women's statements that their daughters' children 
are "of their own blood" while those of their sons are of "unknown 
blood." 

The Herero themselves attribute the high death rate among boys to 
witchcraft motivated by jealousy, which is inspired by births of sons but 
not daughters. This jealousy may endanger both baby boys and their 
mothers, so an added risk is involved in having a boy. Harpending and 
Kurland (1991) predict that, if true, mothers of male infants should be 
more stressed than mothers of females, and they suggest that these 
stresses may be detectable through salivary or urinal assays of adrenal 
hormones. 

As in the Mukogodo case, Hereroparents do not admit to any sex bias 
in parental investment. This finding reinforces the case for treating 
informants' stated sex preferences as potential guides to cultural tradi­
tions and beliefs but poor guides to actual behavior (Cronk 1991a, 1991b; 
Harpending and Pennington 1991). 

The Kanjar 

The Kanjar are a peripatetic people in South Asia who specialize in 
prostitution and production and sale of clay and papier-mache toys and 
other household items. They also give public performances of music and 
dance, beg, and occasionally offer carnival-type rides (Berland 1982, 
1987; Gautam1983). Kanjar society is remarkable for the degree to which 
the usual positions of the sexes have been reversed. Males are said to 
live "like drones" (Tandon 1968:80), tending to be passive, cooperative, 
and subordinate to females, whereas females dominate public and pri­
vate affairs and are socialized to be aggressive and independent. Al­
though their parental behavior has never been studied in detail, Kanjar 
parents express a strong preference for daughters. This preference is 
reflected in the fact that celebrations are held at the birth of a girl, 
whereas the birth of a boy is received without fanfare (Berland 1982:131). 
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Both economic and reproductive factors may play a role in explaining 
the Kanjars' preference for daughters . First, Kanjar females are more 
economically productive than males. Activities that are exclusively or 
primarily done by females, such as prostitution, dancing and singing, 
the sale of toys and other items, and begging, account for about 51% of 
the income to Kanjar households in rural areas and about 73% in urban 
areas (Berland 1987:253). Especially attractive and talented Kanjar girls 
may also be sold into professional groups of prostitutes and dancers in 
urban centers, which further increases their economic value to their 
families. The effect of girls' economic productivity on parental invest­
ment patterns became especially clear in 1986-1987 when Pakistan un­
derwent a period of Islamization. The Kanjar stopped dancing and the 
prostitution market was depressed, and there was a slight shift towards 
more equal treatment of sons and daughters (Joseph Berland, personal 
communication). 

Second, Kanjar females help their brothers to get married. Bride­
wealth among the Kanjar is very expensive, ranging from two to ten 
times their annual income (Gautam 1983:22), so many marriages instead 
involve exchanges of one woman for another. Usually the children of 
siblings are exchanged. One of Berland's female informants explained it 
this way: " . . . the only way I can avoid paying a fortune for my son's 
bride is to make his marriage with my brother's daughter and to give my 
daughter to my brother's son . We call this wady de shadi or exchange 
marriage" (Berland 1982:128, 1987:259). Berland's informants also point­
ed out that exchange marriage makes it easier for a household to save 
cash to pay bridewealth for other marriages. Of course, when Kanjar 
daughters do marry for bridewealth they bring a great deal of wealth to 
their households. Thus the Kanjar appear to favor their daughters both 
because of the wealth they bring to their households and because of 
their ability to help their brothers to marry. 

The Mundugumor 

The Mundugumor of Papua New Guinea were studied by Margaret 
Mead and Reo Fortune in the 1930s (McDowell 1991; Mead 1935, 1949). 
The Mundugumor lived near the confluence of the Yuat and Sepik rivers 
and subsisted on horticulture and fishing. A difference of opinion ex­
isted between Mundugumor fathers and mothers about the values of 
daughters and sons: fathers tended to favor daughters, whereas moth­
ers tended to favor sons. Relationships between fathers and daughters 
were close, and fathers tried to favor their daughters over their sons in 
inheritance and tried to allocate more property to them. The reverse was 
true of Mundugumor mothers, who had closer relationships with their 
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adult sons than with their daughters, and who attempted to allocate 
more goods and property to sons than to daughters. 

The reason for Mundugumor fathers' preference for daughters seems 
to be related to their marriage system, which, like that of the Kanjar, 
involved direct exchange of women. Ideally, girls were to be used to 
obtain wives for their brothers, but fathers also sometimes used their 
daughters to obtain additional wives for themselves. This situation put 
fathers and sons in direct competition for the resources-daughters and 
sisters-needed to obtain mates and thus increased the costs of sons to 
fathers. The tension between fathers and sons is reflected in their rela­
tionships, which were characterized by formality, respect, and avoid­
ance, and by the fact that sons "had to be vigilant to ensure that their 
sisters were not used to acquire more wives for their fathers" (McDowell 
1991). Relationships between brothers were also distant and formal, 
whereas those between brothers and sisters were close and cooperative. 

It is less clear why mothers favored sons over daughters. Perhaps 
women sided with their sons in the competition between fathers and 
sons because a women's inclusive fitness is enhanced if her son obtains 
a wife but not if her husband obtains one, or perhaps women's favor­
itism toward sons was simply an attempt to balance their husband's 
favoritism toward daughters, or perhaps both factors contributed. Al­
though Mundugumor society has changed so much since the time of 
Mead and Fortune's fieldwork that it may no longer be possible to 
determine which factors most affected their parental investment pat­
terns, many other societies with direct exchange mating systems offer 
similar opportunities to study the effects on parental behavior of mating 
competition between fathers and sons. 

CONCLUSION 

Table 9 summarizes the examples presented above. In almost all cases 
the evidence of female-biased parental investment is indirect. The 
Trivers-Willard model has been suggested as an ultimate, evolutionary 
explanation of more than half of the cases, but the set of ideas known as 
local mate/resource enhancement/competition and the nonevolutionary 
rational actor model may help to explain five of the examples. This 
finding provides support for Sieff's (1990) contention that models other 
than Trivers-Willard deserve more attention in evolutionary biological 
studies of sex-biased parental investment among humans. The examples 
of the Kanjar, nineteenth-century America, the Mundugumor, and pos­
sibly the Herero suggest that researchers should look for female biases 
in parental investment wherever females are more economically produc-
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tive than males, attract large bridewealth payments, are used in direct 
exchange mating systems, or where fathers, sons, and brothers are the 
main competitors for the resources required for mating. In most of these 
cases, the evidence is sufficient only to support the rational actor model. 
In order for the local resource enhancement/competition model to be 
supported as well, the observed female bias must be shown to lead to 
reproductive advantages for the parents in terms of either their own 
reproductive success or that of their other offspring. 

Many opportunities exist for improvement and expansion of research 
on sex-biased parental investment. For example, none of the studies 
discussed here address the issue of the proximate psychological mecha­
nisms involved in parental behavior (cf. Mackey and Coney 1987). This 
analysis is a necessary step toward a full, vertically integrated explana­
tion of any behavioral pattern (Barkow 1989; Cronk 1991b). The discrep­
ancies between informants' stated sex preferences and their actual be­
havior are relevant to the issue of proximate psychological mechanisms. 
In none of the cases discussed above for which there are data on both 
parental investment and parents' stated sex preferences do the two 
correspond. This finding suggests not only that parents' statements 
should not be used as proxies for actual parental behavior but also that 
the proximate psychological mechanisms involved in parenting may be 
subtle and are often difficult for informants to articulate. These examples 
also demonstrate the need for better methods of measuring parental 
investment, including more direct behavioral observations and more 
measurements of children's health and nutritional status. A systematic 
comparison of several different methods of assessing parental invest­
ment patterns in a society thought to have sex-biased parental invest­
ment would be particularly useful . 

The main benefit of more research on sex-biased parental investment 
would be a more complete understanding of why parental investment 
patterns vary from society to society, from parent to parent, and from 
child to child, which may help us to predict and prevent child neglect. 
For example, one obvious implication of the local resource enhancement 
model is that development efforts aimed at improving the economic 
productivity of females may have the unplanned benefit of encouraging 
parents to treat their daughters better. These projects would also pro­
vide new and interesting opportunities for research into why and how 
parental behavior changes with changing conditions. 

Jim Boone, Katherine Dettwyler, Sarah Hrdy, and Beth Leech made helpful 
comments on an earlier draft of this manuscript. William Irons suggested that I 
look at the Kanjar case. John Moore provided additional information about the 
Cheyenne. Comments made by Monique Borgerhoff Mulder and Daniela Sieff 
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Table 9. Summary of Examples of Female-Biased Parental Investment 

Possible 
Evidence of Female-biased Explanatory 

Case Parental Investment Model 

Mukogodo Childhood sex ratio, Trivers-Willard 
dispensary and clinic 
records, nursing 

Ifaluk Parent-child Trivers-Willard 
association patterns 

Cheyenne Childhood sex ratios Trivers-Willard 

Schleswig-Holstein Mortality rates Trivers-Willard 

Ostfriesland Mortality rates Trivers-Willard 

Krummhorn Mortality rates Trivers-Willard/ 
Local resource 
competition 

Portuguese nobles Dowry payments as Trivers-Willard 
indicated by 
marriage rates 

Do Stated 
Sex Preferences and 
Parental Behavior 

Correspond? Sources 

No Cronk 1989a, 1989, 
1990, 1991a 

No Betzig and Turke 1986; 
Burrows and Spiro 
1957 

No statements Moore 1980, 1987, 1990; 
available Moore and Campbell 

1989 
No statements Voland 1984 

available 
No statements Voland 1988 

available 
No statements Voland and Siegelkow 

available 1990; Voland et al. 
1991 

No statements Boone 1986, 1988 
available 



Portuguese peasants Correlation between Unknown No statements Cowgill and Johnson 
harvest quality and available 1971 
sex ratio at birth 

Contemporary North Nursing and birth- Trivers-Willard No statements Gaulin and Robbins 1991 
America spacing patterns available 

Nineteenth-century Mortality rates Rational actor, No statements Ginsberg and Swedlund 
United States local resource available 1986; Hammel et al. 

enhancement 1983; Vinovskis 1972 
Herero !Kung opinions Enhancement of No Harpending and Kurland 

opportunities 1991 
for indirect 
reproduction? 

Mortality rates, Local resource Harpending and 
skinfold enhancement? Pennington 1991 
measurements 

-- Kanjar Participant observation Rational actor, local mate No statements Berland 1982, 1987; see )1 

)1 and resource available also Gautam 1983; 
enhancement Tandon 1968 

Mundugumor Participant observation Local mate and resource No statements McDowell 1991; Mead 
enhancement and available 1935, 1949 
competition 
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on an unpublished manuscript also helped with this one. Deborah Gewertz 
helped me to track down information about the Mundugumor, and Nancy 
McDowell kindly allowed me to see parts of her book prior to . publication. 
Joseph Berland made some helpful suggestions about the Kanjar. Henry Har­
pending and Renee Pennington helped me to learn about the Herero. Ursula 
Cowgill alerted me to the research she and Harold Johnson conducted on 
Portuguese sex ratios, and they both gave me useful information about their 
study. My fieldwork among the Mukogodo was funded by the Population 
Council, the National Science Foundation, and the Institute for Humane Stud­
ies. Thanks to everyone involved. All responsibility for errors and shortcomings 
rests with me. 

Lee Cronk is Assistant Professor of Anthropology at Texas A&M University, College 
Station, Texas. His main research interests are in human behavioral ecology, reproductive 
strategies, and East African hunter-gatherers and pastoralists. 

REFERENCES 

Altmann, J .  
1974 Observational Study of Behavior: Sampling Methods. Behavior 48:141 . 

Barkow, J. H. 
1989 Darwin, Sex, and Status. Toronto: University of Toronto Press. 

Berland, J. C. 
1982 No Five Fingers Are Alike: Cognitive Amplifiers in Social Context. Cambridge: 

Harvard University Press. 
1987 Kanjar Social Organization. In The Other Nomads: Peripatetic Minorities in 

Cross-Cultural Perspective, A. Rao, ed. Pp. 247-265. Koln: Bohlau Verlag. 
Betzig, L. L .  

1988 Redistribution: Equity or Exploitation? In Human Reproductive Behaviour: A 

Darwinian Perspective, L. Betzig, M. Borgerhoff Mulder, and P. Turke, eds. 
Pp. 49-63. Cambridge: Cambridge University Press. 

Betzig, L. L. ,  and P. W. Turke 
1986 Parental Investment by Sex on Ifaluk. Ethology and Sociobiology 7:29-37. 

Boone, J. L. 
1986 Parental Investment and Elite Family Structure in Preindustrial States: A 

Case Study of Late Medieval-Early Modern Portuguese Genealogies. Ameri­
can Anthropologist 88:859-878. 

1988 Parental Investment, Social Subordination, and Population Processes 
Among the 15th and 16th Century Portuguese Nobility. In Human Reproduc­
tive Behaviour: A Darwinian Perspective, L. Betzig, M. Borgerhoff Mulder, and 
P. Turke, eds. Pp. 201-219. Cambridge: Cambridge University Press. 

Borgerhoff Mulder, M., and T. Caro 
1985 The Use of Quantitative Observational Techniques in Anthropology. 

Current Anthropology 25:323-335. 



Preferential Parental Investment in Daughters Over Sons 413 

Brinch, M. ,  T. Isager, and K. Tolstrup 
1988 Anorexia Nervosa and Motherhood: Reproduction Pattern and Mother­

ing Behavior of 50 Women. Acta Psychiatria Scandinavica 77:611-617. 
Brittain, A. W. ,  W. T. Morrill, and J. A. Kurland 

1988 Parental Choice and Infant Mortality in a West Indian Population. Human 
Biology 60:679-692. 

Bugos, P. E., and L. M. McCarthy 
1984 Ayoreo Infanticide: A Case Study. In Infanticide: Comparative and Evolu­

tionary Perspectives, G. Hausfater and S. B. Hrdy, eds .  Pp. 503-520. New 
York: Aldine. 

Burrows, E. G. ,  and M. E. Spiro 
1957 An Atoll Culture: Ethnography of lfaluk in the Central Carolines. Westport, 

Connecticut: Greenwood Press. 
Caley, M. J . ,  and T. D. Nudds 

1987 Sex-ratio Adjustment in Odocoileus: Does Local Resource Competition 
Play a Role? American Naturalist 129:542-547. 

Callan, V. J . ,  and P-K. Kee 
1981 Sons or Daughters? Cross-Cultural Comparisons of the Sex Preferences 

of Australian, Greek, Italian, Malay, Chinese and Indian Parents in Austra­
lia and Malaysia. Population and Environment 4:97-108. 

Central Bureau of Statistics 
1981 1979 Population Census, Vol. 2: Analytical Report. Nairobi: Ministry of 

Finance and Planning. 
Charnov, E. 

1982 The Theory of Sex Allocation. Princeton: Princeton University Press. 
Clark, A. B. 

1978 Sex Ratio and Local Resource Competition in a Prosimian Primate. Science 
201:163-165. 

Cleland, J . ,  J .  Verrall, and M. Vaessen 
1983 Preferences for the Sex of Children and Their Influence on Reproductive 

Behaviour. WFS Comparative Studies No. 27. Voorburg, Netherlands: Inter­
national Statistical Institute. 

Clutton-Brock, T. H. ,  and S. D. Albon 
1982 Parental Investment in Male and Female Offspring in Mammals. In 

Current Problems in Sociobiology, King's College Sociobiology Group, eds. Pp. 
223-247. Cambridge: Cambridge University Press. 

Clutton-Brock, T. H. ,  and G. R. Jason 
1986 Sex Ratio Variation in Mammals. Quarterly Review of Biology 61(3):339-374. 

Clutton-Brock, T. H. ,  S. D. Albon, and F. E. Guinness 
1982 Competition Between Female Relatives in a Matrilocal Mammal. Nature 

300:178-180. 
Cockburn, A. M. ,  P. Scott, and C. R. Dickman 

1985 Sex Ratio and Intrasexual Kin Competition in Mammals. Oecologia (Ber­
lin) 66:427-429. 

Coombs, L. C. 
1977 Preferences for Sex of Children Among U.S. Couples. Family Planning 

Perspectives 9:259-265. 



414 Human Nature, Vol. 2, No. 4, 1991 

Cowgill, U. M., and H. B. Johnson, Jr. 
1971 Grain Prices and Vital Statistics in a Portuguese Rural Parish, 1671-1720. 

Journal of Biosocial Science 3:321-329. 
Cronk, L. 

1989a Low Socioeconomic Status and Female-Biased- Parental Investment: The 
Mukogodo Example. American Anthropologist 91:414--429. 

1989b The Behavioral Ecology of Change Among the Mukogodo of Kenya. Ph.D. 
dissertation, Northwestern University. Ann Arbor: University Microfilms. 

1990 Comment on "Explaining Biased Sex Ratios in Human Populations" by 
D. F. Sieff. Current Anthropology 31:35-36. 

1991a Intention vs. Behaviour in Parental Sex Preferences Among the 
Mukogodo of Kenya. Journal of Biosocial Science 23:229-240. 

1991b Human Behavioral Ecology. Annual Review of Anthropology 20:25-53. 
Daly, M. , and M. Wilson 

1984 Sex, Evolution, and Behavior, second ed. Belmont: Wadsworth. 
Darwin, C. 

1874 The Descent of Man and Selection in Relation to Sex, second ed. New York: A. 
L. Burt. 

Das Gupta, M. 
1987 Selective Discrimination Against Female Children in Rural Punjab, India. 

Population and Development Review 13:77-100. 
Dickemann, M. 

1979 Female Infanticide, Reproductive Strategies, and Social Stratification: A 
Preliminary Model. In Evolutionary biology and Human Social Behavior: An 
Anthropological Perspective, N. A. Chagnon and W. Irons, eds. Pp. 321-367. 
North Scituate, Massachusetts: Duxbury Press. 

Ellison, P. T. 
1988 Human Salivary Steroids: Methodological Considerations and Applica­

tions in Physical Anthropology. Yearbook of Physical Anthropology 31:115-142. 
Fisher, R. A. 

1958 The Genetical Theory of Natural Selection, second ed. Oxford: Clarendon. 
Gaulin, S. J. C.,  and C. J. Robbins 

1991 Trivers-Willard Effect in Contemporary North American Society. Ameri­
can Journal of Physical Anthropology 85:61-69. 

Gautam, M. K. 
1983 Itinerant Camping Life to Settled Basti Alliances: The Mechanism of 

Ethnic Maintenance and Social Organization of the Kanjars of North India. 
Eastern Anthropologist 36:15-29. 

Ginsberg, C. A., and A. C. Swedlund 
1986 Sex-Specific Mortality and Economic Opportunities: Massachusetts 1860-

1899. Continuity and Change 1:415-445. 
Gowaty, P. A. , and M. R. Lennartz 

1985 Sex Ratios of Nestling and Fledgling Red-Cockaded Woodpeckers 
(Picoides borealis) Favor Males. American Naturalist 126:347-353. 

Gray, J. P. 
1985 Primate Sociobiology. New Haven: HRAF Press. 



Preferential Parental Investment in Daughters Over Sons 415 

Griffiths, N. T . ,  and H. C. J. Godfray 
1988 Local Mate Competition, Sex Ratio and Clutch Size in Bethylid Wasps. 

Behavioral Ecology and Sociobiology 22:211-217. 
Gross, D. 

1984 Time Allocation: A Tool for the Study of Cultural Behavior. Annual Review 
of Anthropology 13:519-558. 

Hamilton, W. D. 
1967 Extraordinary Sex Ratios. Science 156:477-488. 

Hammel, E. A., S. R. Johansson, and C. A. Ginsberg 
1983 The Value of Children During Industrialization: Sex Ratios in Childhood 

in Nineteenth-Century America. Journal of Family History 8:346-366. 
Harpending, H.,  and J. Kurland 

1991 Resources and Life Course Management Among Rural Pastoralists. Proposal 
submitted to the National Science Foundation. Department of Anthropol­
ogy, Pennsylvania State University, University Park. 

Harpending, H.,  and R. Pennington 
1991 Age Structure and Sex Biased Mortality Among Herero Pastoralists. 

Human Biology 63:329-353. 
Hoogland, J. L. 

1981 Sex Ratio and Local Resource Competition. American Naturalist 117:796 
797. 

Hrdy, S. B .  
1987 Sex-Biased Parental Investment Among Primates and Other Mammals: A 

Critical Evaluation of the Trivers-Willard Hypothesis. In Child Abuse and 
Neglect: Biosocial Dimensions, R. J .  Gelles and J. B. Lancaster, eds. 97-147. 
New York: Aldine de Gruyter. 

1988 Daughters or Sons. Natural History 97(4):63-83. 
1990 Sex Bias in Nature and in History: A Late 1980s Reexamination of the 

"Biological Origins" Argument. Yearbook of Physical Anthropology 33:25-37. 
James, W. 

1987a The Human Sex Ratio, 1: A Review of the Literature. Human Biology 
59:721-752. 

1987b The Human Sex Ratio, 2: A Hypothesis and a Program of Research. 
Human Biology 59:873-900. 

Johansson, S. R. 
1984 Deferred Infanticide: Excess Female Mortality during Childhood. In 

Infanticide: Comparative and Evolutionary Perspectives, G. Hausfater and S. B. 
Hrdy, eds. Pp. 463-485. New York: Aldine. 

Mackey, W. C. ,  and N. Coney 
1987 Human Sex Ratios as a Function of The Woman's Psychodynamics-A 

Preliminary Study. Ethology and Sociobiology 8:49-60. 
McDowell, N. 

1991 The Mundugumor: From the Field Notes of Margaret Mead and Reo Fortune. 
Washington, D.C. :  Smithsonian Institution Press. 

Mead, M. 
1935 Sex and Temperament in Three Primitive Societies. New York: Morrow. 
1949 Male and Female. New York: Morrow. 



416 Human Nature, Vol. 2, No. 4, 1991 

Mealey, K., and W. Mackey 
1990 Variation in Offspring Sex Ratio in Women of Differing Social Status. 

Ethology and Sociobiology 11:83-95. 
Moore, J. H. 

1980 Aboriginal Residence Patterns Preserved in Censuses and Allotments. 
Science 207:201-203. 

1987 The Cheyenne Nation: A Social and Demographic History. Lincoln: University 
of Nebraska Press. 

1990 The Reproductive Success of Cheyenne War Chiefs: A Contrary Case to 
Chagnon's Yanomamo. Current Anthropology 31:322-330. 

Moore, J. H.,  and G. R. Campbell 
1989 An Ethnohistorical Perspective on Cheyenne Demography. Journal of 

Family History 14:1742. 
Perez Diez, A. A., and F. M. Salzano 

1978 Evolutionary Implications of the Ethnography and Demography of 
Ayoreo Indians. Journal of Human Evolution 7:253-268. 

Shaw, R. F., and J. D. Mohler 
1953 The Selective Advantage of the Sex Ratio. American Naturalist 87:337-342. 

Sieff, D. F. 
1990 Explaining Biased Sex Ratios in Human Populations: A Critique of Recent 

Studies. Current Anthropology 31:25-48. 
Stinner, W. F., and P. D. Mader 

1975 Sons, Daughters or Both? An Analysis of Family Sex Composition Prefer­
ences in the Philippines. Demography 12:67-79. 

Stinson, S. 
1985 Sex Differences in Environmental Sensitivity During Growth and Devel­

opment. Yearbook of Physical Anthropology 28:123-147. 
Tandon, P. 

1968 Punjabi Century: 1857-1947. Berkeley: University of California Press. 
Toro, M. A. 

1982 Altruism and Sex Ratio. Journal of Theoretical Biology 95:305-311. 
Trivers, R. L.  

1972 Parental Investment and Sexual Selection. In Sexual Selection and the 
Descent of Man, 1871-1971, B. Campbell, ed. Pp. 136-179. Chicago: Aldine. 

1985 Social Evolution. Menlo Park: Benjamin/Cummings. 
Trivers, R. L., and D. E. Willard 

1973Natural Selection of Parental Ability to Vary the Sex Ratio of Offspring. 
Science 179:90-92. 

Turke, P. W. 
1988 Helpers at the Nest: Childcare Networks on Ifaluk. In Human Reproductive 

Behaviour: A Darwinian Perspective, L. Betzig, M. Borgerhoff Mulder, and P. 
Turke, eds. Pp. 173-188. Cambridge: Cambridge University Press. 

Turke, P. W., and L. L. Betzig 
1985 Those Who Can Do: Wealth, Status, and Reproductive Success on Ifaluk. 

Ethology and Sociobiology 6:79-87. 
Turner, J. E . ,  and A. B. Simmons 

1975 Family Size Attitudes: A Comparison of Measures. Paper presented at 



Preferential Parental Investment in Daughters Over Sons 417 

the Conference on Measurement of Preferences for Number and Sex of 
Children, June 2-5. Honolulu: East-West Population Institute. 

Vinovskis, M. A. 
1972 Mortality Rates and Trends in Massachusetts Before 1860. Journal of 

Economic History 32:184-218. 
Voland, E. 

1984 Human Sex-Ratio Manipulation: Historical Data from a German Parish. 
Journal of Human Evolution 13:99-107. 

1988 Differential Infant and Child Mortality in Evolutionary Perspective: Data 
from Late 17th to 19th Century Ostfriesland (Germany) . In Human Reproduc­
tive Behaviour: A Darwinian Perspective, L. Betzig, M. Borgerhoff Mulder, and 
P. Turke, eds. Pp. 253--261 .  Cambridge: Cambridge University Press. 

Voland, E. ,  and E. Siegelkow 
1990 Comment on "Explaining Biased Sex Ratios in Human Populations" by 

D. F. Sieff. Current Anthropology 31 :42-43. 
Voland, E., E. Siegelkow, and C. Engel 

1991 Cost/Benefit Oriented Parental Investment by High Status Families: The 
Krummhorn Case. Ethology and Sociobiology 12:105-118. 

Werren, J. H. 
1980 Studies in the Evolution of Sex Ratios . Ph.D. dissertation, University of 

Utah, Salt Lake City. 
Williams, G. C .  

1979 The Question of  Adaptive Sex Ratio in Outcrossed Vertebrates. Proceed­
ings of the Royal Society of London, Series B 205:567-580. 


	Structure Bookmarks
	PREFERENTIAL PARENTAL INVESTMENT IN DAUGHTERS OVER SONS 
	PREFERENTIAL PARENTAL INVESTMENT IN DAUGHTERS OVER SONS 
	Lee Cronk 
	Texas A&M University 
	Female-biased parental investment unusual but not unknown in hu­man societies. Relevant explanatory models include Fisher's principle, the Trivers-Willard model, local mate and resource competition and enhancement, and economic rational actor models. Possible evidence of female-biased parental investment includes sex ratios, mortality rates, parents' stated preferences for offspring of one sex, and direct and indi­rect measurements of actual parental behavior. Possible examples of female-biased parental inv
	is 

	Parental Investment; Parental Behavior; Sex Ratios; Reproductive Strategies; Child Neglect; Evolutionary Theory. 
	KEY woRDS: 

	Societies in which sons receive better treatment than daughters are commonplace in ethnographic and demographic research, whereas soci­eties in which daughters are favored are relatively rare. This article focuses on evolutionary biological explanations of female-biased paten-
	Received February 28, 1991; accepted May 10, 1991. 
	Address all correspondence to Lee Cronk, Department of Anthropology, Texas A&M University, College Station, TX 77843-4352. 
	Copyright 1991 by Walter de Gruyter, Inc. New York Human Nature, Vol. 2, No. 4, pp. 387-417. 
	© 

	1045-6767/91/$1.00+ .10 
	387 
	388 
	Human Nature, Vol. 2, No. 4, 1991 
	tal investment. The major theories involved are introduced first, fol­lowed by a discussion of the evidence for sex-biased parental investment and some illustrative examples. 
	Research on sex-biased parental investment is closely related to stud­ies of biased sex ratios, but the two topics are distinct. This article is concerned with parental investment; sex ratios are discussed only when they are used as evidence of sex-biased parental investment. 
	THEORETICAL OVERVIEW 
	Two complementary questions have motivated the large and growing body of recent biosocial research on sex-biased parental investment. First, what might be the adaptive advantages of parental preference for children of one sex? Second, what are the physiological and behavioral mechanisms involved in sex-biased parental investment? 
	*I"-:'. ŁŁ Ł Ł 
	Ł Ł etc.::'.J: :.. 
	The Evolutionary Biology of Sex-Biased 
	The Evolutionary Biology of Sex-Biased 
	Parental Investment 

	Fisher's les Darwin the attempt an evolu­tionary biological explanation of the sex ratio. Although at first he considered the balanced poulation sex ratios that are commoninnature to be examples trait thaevolved ecause its advantages to the species, later decided that "the whole problem is so intricthat t is safer to leave its soluion or the future" (Darwin 1874:293)An explanatioased reproductive advantages rents s d Fishr seeasoChanov 1982;Dand Wilson 1984:224-226; Shaw and Mohler 1953), who began with the
	Principle
	. 
	Char
	was 
	first 
	to 
	p
	­
	of a 
	t 
	b
	of 
	he 
	a
	t
	e 
	i
	t
	f
	. 
	n 
	b
	on the 
	to 
	individual pa
	wa
	offere
	by .A, 
	e
	(1958:158-]69; 
	l
	r
	al
	y 
	every 
	sexually 
	of 
	n
	m 
	and 
	fr
	should 
	equally 
	s 
	is 
	of 
	in 
	an 
	i
	i
	i
	of 
	n
	sex will 
	s
	effect 
	a 
	e
	'
	ss 
	u
	in 
	e
	of 
	a
	a
	a 
	e
	e
	If 
	and 
	the 
	d
	sons 
	do not cost the same, 
	the 
	e
	r 
	so 
	r
	a
	ent
	n
	e
	nt 
	in 
	the 
	s
	e
	xes is 
	sons 
	half 
	rear 
	an ave
	r
	a
	e ma
	e 
	will 
	leave 
	only 
	half as m
	ny of
	­
	only 

	II 
	Predictions Based on Fisher's Principle 
	Table 1. 

	Relative Costs of Daughters and Sons 
	Relative Costs of Daughters and Sons 
	Relative Costs of Daughters and Sons 
	Relative Costs of Daughters and Sons 

	Sex Ratio at Birth 
	Sex Ratio at Birth 

	Amount of Parental Investment 
	Amount of Parental Investment 
	in Each 
	Individual 
	Born 


	Overall Ratio of Parental Investment 
	Overall Ratio of Parental Investment 
	in the Two Sexes 



	Daughters cheaper to produce 
	Daughters cheaper to produce 
	Daughters cheaper to produce 

	Female-biased 
	Female-biased 

	Male-biased 
	Male-biased 

	Equal 
	Equal 


	Sons cheaper to produce 
	Sons cheaper to produce 
	Sons cheaper to produce 

	Male-biased 
	Male-biased 

	Female-biased 
	Female-biased 

	Equal 
	Equal 


	Daughters and sons cost the same to produce 
	Daughters and sons cost the same to produce 
	Daughters and sons cost the same to produce 

	Equal 
	Equal 

	Equal 
	Equal 

	Equal 
	Equal 



	produce, so one unit of investment in sons will yield the same number of grandchildren as one unit of investment in daughters. 
	Because Fisher's principle is an explanation of why the overall ratio of parental investment in the two sexes in a population should be equal, strictly speaking it does not contribute much to a discussion of female­biased parental investment. Although Fisher's principle would predict female-biased offspring sex ratios in certain circumstances and greater parental investment in individual daughters than sons in others, de­pending on how one measures parental investment, almost any species or society could be
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	Fisher's principle may, however, help to explain why so few examples of female-biased childhood sex ratios are found in human societies. If males tend to die at a higher rate than females before the end of the period of parental investment, then males would be, on average, cheap­er to rear because the period of parental investment would be cut short for many of them. Because parents should produce more of the cheaper sex, they should produce more sons. This pattern is precisely the one we see in most human 
	societies male children tend to suffer from higher mortality rates than females, and slightly more male children are usually born. 
	Fisher's prediction of overall equal paren­tal investment in the sexes applies to the population average, and in certain circumstances natural selection may favor deviations from equal parental investment by individual parents (Clutton-Brock and Albon 1982). Trivers and Willard (1973) identify one set of conditions that could lead to sex-biased parental investment. In its broadest formulation, the Trivers-Willard model predicts that if the condition of mothers during the period of parental investment correl
	The Trivers-Willard Model. 

	The Trivers-Willard hypothesis has had a controversial but generally successful history of application to nonhuman species (see Clutton­Brock and lason 1986; Gray 1985; Hrdy 1987, 1988). Among humans, the model has been applied to data from feudal north India, imperial China, medieval Europe (Dickemann 1979), historical Germany (Voland 1984, 1988; Voland et al. 1991), medieval Portugual (Boone 1986, 1988), the Micronesian atoll of Ifaluk (Betzig and Turke 1986), nineteenth-century Mormons (Mealey and Mackey
	Natural selection may also favor sex biases in parental investment if offspring compete among themselves or with their parents for access to resources or mates, or if one sex of offspring tends to enhance the reproductive success of its parents or siblings by providing either resources or mates (Clark 1978; Hamilton 1967). If siblings of one sex tend to compete with one another or their parents for mates or resources, this competition may increase the costs of rearing offspring of that sex, and natural sele
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	(Hamilton 1967) or (Clark 1978), depending on the object of competition. On the other hand, if offspring of one sex tend to help their parents or siblings by attracting or obtaining mates or resources, this assistance may decrease the costs of rearing offspring of that sex, and natural selection should favor greater production of the cheaper, more helpful sex. This situation is referred to as either or (Sieff 1990; see also Toro 1982; Trivers and Willard 1973). 
	local mate competition 
	local resource competition 
	local mate enhancement 
	local resource enhancement 

	The essence of these ideas is the same as that of Fisher's principle: when offspring of one sex cost more than offspring of the other, parents should produce more offspring of the cheaper sex (see Hoogland 1981). 
	The contribution of the local mate/resource competition/enhancement model is to point out that in some circumstances male and female offspring will impose different costs on parents regardless of the wishes of the parents themselves, and that this difference will lead the parents to direct more of their voluntary and deliberate investment toward the cheaper sex. For example, competition between sons and parents for resources will increase the amount parents must invest in a son. The fact that much of the in
	Local mate competition has been most successfully applied to a vari­ety of insect species (Griffiths and Godfray 1988; Hamilton 1967; Werren 1980) and may also explain sex ratio biases in wood lemmings (Myopus schisticolor) (Trivers 1985:277-278; Williams 1979). Local resource compe­tition was first identified among African galagos. Whereas male galagos range widely, females remain near their mothers' home ranges and are therefore more costly because they compete with their mothers for food. Galago mothers 
	Although these ideas have only rarely been tested on data from human societies (e.g., Cronk 1989a, 1990), circumstances that may make offspring of one sex cheaper or more expensive to rear are common in our species. For example, in societies with bridewealth, competition among brothers and between fathers and sons for access to and control of resources with which to pay for wives might lead to a parental preference for daughters. Daughters in these societies would also have the added benefit of attracting b
	women whose first two children are daughters have higher reproductive success than women whose oldest children are sons (Turke 1988). How­ever, there is no evidence of any tendency among Ifalukese to have more firstborn daughters than firstborn sons. Other possible examples of local mate and resource competition and enhancement are discussed below. 
	Other Explanations of Sex-Biased Parental Investment 
	Alternatives to the evolutionary biological approach to sex-biased parental investment come in two major varieties, idealist and materialist (Hrdy 1990:26). The idealist approach rests on the idea that parents' valuations of sons and daughters are essentially cultural constructs and as such are not reducible to either reproductive or economic costs and benefits. The fact that, as will be shown below, there is often sur­prisingly little fit between parents' actual behavior and their stated, culturally determ
	The nonevolutionary materialist approach holds that parents are ratio­nal actors, favoring sons or daughters according to the costs and benefits associated with offspring of each sex. These costs and benefits are usually conceived of in economic terms, although occasionally such benefits as group defense by males, the role of one sex or the other in descent group formation, and alliance formation through marriage may enter into the analysis (Hrdy 1990). Das Gupta's study of parental behavior in rural Punjab
	These materialistic, rational-actor models are very similar to the local resource enhancement and competition models described above. The fundamental difference between the two approaches is the level of 
	explanation sought. Local resource enhancement and competition mod­els, like other evolutionary biological models, attempt to explain behav­iors in terms of their consequences for reproductive success. In order to demonstrate that a model is relevant to a particular case, one must demonstrate not only that parents favor the cheaper sex, but that par­ents benefit reproductively as well as economically or socially from the modeled behavior. If reproductive benefits cannot be demonstrated, then the behavior is
	Sources of Evidence of Sex-Biased Parental 
	Sources of Evidence of Sex-Biased Parental 
	Investment 

	Given that in some circumstances it may be adaptive for parents to favor children of one sex over children of the other, how is sex-biased parental investment accomplished, and what sorts of evidence have been used to identify it? One way to bias one's investment in favor of one sex is simply to give birth to more of that sex. In general, human sex ratios at birth are slightly male biased, although a number of factors, including the timing of fertilization, smoking, and a variety of diseases, may be able to
	It is also unclear how responsive the sex ratio at birth is to conditions experienced by the parents. The main evidence of responsiveness is that males appear to be more vulnerable to maternal condition during preg­nancy both pre-and postnatally (Stinson 1985). For example, in one study of pregnancies among 140 female former anorexia nervosa pa­tients, the sex ratio at birth was even (n = 86), but the death rate during the first week of life was highly biased (six males and only one female died; Brinch et a
	mental process that has nothing to do with the Trivers-Willard model. To test the validity of this prediction, we need studies of sex biases in vulnerability to maternal condition during pregnancy in species in which the reproductive success of female offspring is typically affected more by maternal condition than is the reproductive success of males. If in these cases we find greater female vulnerability to maternal condition during pregnancy, it would strengthen the argument that greater male vulnerabilit
	Sex biases in parental investment may also be reflected in birth­spacing patterns (Gaulin and Robbins 1991). For example, longer inter­vals following the births of girls than those following boys may reflect a desire by parents to devote more attention to the rearing of daughters. Alternatively, intervals may be longer before the births of the favored sex if the in utero death rates of the other sex are increased (Jane Lancaster, personal communication). 
	After birth, parents have a wide variety of ways to bias their invest­ment in favor of children of one sex, ranging from infanticide to neglect to differential solicitude. The difficulty is not in imagining the methods parents use, but in detecting them. One way is to look for the possible effects of sex-biased parental investment on childhood sex ratios and associated childhood mortality rates. The main problem with this ap­proach is that many other things besides parental behavior can affect these variabl
	Another way to detect parental sex biases is by asking them their preferences. In most societies, parents express either no preference or a preference for sons, but preferences for daughters have been noted in Jamaica and Venezuela (Cleland et al. 1983) and among Colombian women (Turner and Simmons 1975 [cited in Coombs 1977:265]), some Filipinos (Coombs 1977; Stinner and Mader 1975), American women of Hispanic origin (Coombs 1977), and Australian women of Greek and Italian origin (Callan and Kee 1981). The
	Finally, one can look at the actual behavior of parents. This approach is clearly the best way to detect sex-biased parental investment, but it is by no means the easiest or most clear-cut. Infanticide can provide some of the most dramatic evidence of sex-biased parental investment. Infan­ticide among humans is most often female-biased. A notable exception 
	are the Ayoreo Indians of Bolivia; however, the sex ratio of infanticide deaths (194:100) is not significantly different than the sex ratio of births (137:100; Ł= 2.20; p >.10; Bugos and McCarthy 1984; see also Perez Diez and Salzano 1978). Thus, even sex biases in infanticide are not necessarily good evidence of sex-biased parental investment. 
	Ł 

	Another approach is to observe parental behavior for signs of greater solicitude toward one sex. This observation may be done either directly, through the use of behavioral scan techniques (Altmann 1974; Bor­gerhoff Mulder and Caro 1985; Gross 1984), or indirectly through the use of other indicators of investment patterns. Betzig and Turke (1986), for example, used behavioral scans to study association patterns between parents and offspring on Ifaluk. One of the main advantages of this method is that it can
	Indirect measurements of parental investment patterns can be ob­tained from a number of sources. For example, the records of a dispens­ary and a clinic suggest that Mukogodo parents are more solicitous of daughters than of sons (Cronk 1989a, 1989b, and below), and marriage records and dowry customs suggest that lower-status Portuguese no­bility were more willing to invest in daughters than sons (Boone 1986). The disadvantages of using records are that they reveal only a small slice of total parental investm
	Anthropometry provides another very promising but infrequently used way to assess parental investment in the sexes. For example, analysis of body fat through skinfold measurements can reveal differ­ences in the health and nutritional status of boys and girls that may be the result of differential parental investment (Harpending and Kurland 1991). Other possibilities include the use of hormonal assays to assess stress levels among children and parents (Ellison 1988; Harpending and Kurland 1991) and the emplo
	EXAMPLES 
	The Mukogodo 
	The Mukogodo are a small group of impoverished Maa-speaking pastoralists in Kenya. Until the 1920s and 1930s, they lived in caves as hunter-gatherers and beekeepers. Other Maa-speaking pastoralists gen­erally despise foragers, and the Mukogodo are still stigmatized by their past. As a result of both their low status and their poverty, Mukogodo men are less successful than men from neighboring groups in obtaining wives and have relatively poor reproductive prospects. Mukogodo women, on the other hand, can al
	Another possibility is that, in accordance with the local resource enhancement hypothesis, Mukogodo parents favor daughters because they attract bridewealth payments that may help their fathers or broth­ers to obtain more wives. If this expectation were true, then men with more daughters or more sisters should have more wives, but no such relationship can be found in the data. A regression of total number of wives and number of daughters from men's first marriages who sur­vived to age 15 reveals no signific
	t 
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	Table
	TR
	Mukogodo 
	Mukogodo 

	Non-Mukogodo 
	Non-Mukogodo 


	Males 
	Males 
	Males 

	Females 
	Females 

	Males 
	Males 

	Females 
	Females 


	New 
	New 
	New 
	Visit 

	Repeat 
	Repeat 
	Visit 

	New 
	New 
	Visit 

	Repeat 
	Repeat 
	Visit 

	New 
	New 
	Visit 

	Repeat 
	Repeat 
	Visit 

	New 
	New 
	Visit 

	Repeat 
	Repeat 
	Visit 


	n 
	n 
	n 

	74 
	74 

	35 
	35 

	113 
	113 

	78 
	78 

	153 
	153 

	76 
	76 

	116 
	116 

	69 
	69 


	N 
	N 
	N 

	109 
	109 
	(36.3%) 

	191 
	191 
	(63.7%) 

	229 
	229 
	229 
	(55.3%) 


	185 
	185 
	(44.7%) 


	percentage° 
	percentage° 
	percentage° 
	Population 


	42.2% 
	42.2% 

	57.8% 
	57.8% 

	51% 
	51% 

	49% 
	49% 



	The Mukogodo figures are based on the numbers of person-years lived by children of each sex in the 0-4 age group in 1986. The non-Mukogodo figures are based on the 1979 Kenyan census (Central Bureau of Statistics 1982:122). 
	The female bias in visits to the dispensary is significantly different than the pattern shown by the non-Mukogodo dispensary visitors (X = 13.4369, p <.001). 
	Enrollment and Attendance y Clinic Run by the Don Dol Roman Catholic Missio, by Ethnic Group, in 1986 
	Table 5. 
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	Table
	TR
	Mukogodo 
	Mukogodo 

	Non-Mukogodo 
	Non-Mukogodo 


	Males 
	Males 
	Males 

	Females 
	Females 
	• 
	• 
	• 
	% 


	•
	•
	•
	.: 



	Males 
	Males 

	Females 
	Females 


	Officially enrolled 
	Officially enrolled 
	Officially enrolled 

	12 (34.3%) 
	12 (34.3%) 

	23 (65.7%) 
	23 (65.7%) 

	206 (49.1%) 
	206 (49.1%) 

	214 (50.9%) 
	214 (50.9%) 


	Population percentage" 
	Population percentage" 
	Population percentage" 

	42.2% 
	42.2% 

	Ł 
	Ł 
	-..°: 
	57.8% 

	51% 
	51% 

	49% 
	49% 


	Actual monthly attendance 
	Actual monthly attendance 
	Actual monthly attendance 

	121 (38.5%) 
	121 (38.5%) 

	(61.5%) 
	(61.5%) 
	193 


	NA 
	NA 

	NA 
	NA 


	Person-months lived" 
	Person-months lived" 
	Person-months lived" 

	768 (44.4%) 
	768 (44.4%) 
	768 (44.4%) 


	960 (55.6%) 
	960 (55.6%) 

	NA 
	NA 

	NA 
	NA 



	* The Mukogodo figures are based on the of person-years lived by children of each sex in the 0
	number
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	4 age group in 1986. The non-Mukogodo figures are based on the 1979 Kenyan census (Central Bureau of Statistics 1981:122). 
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	of months lived during 1986 by Mukogodo children of each sex. The female bias actual monthly attendance among the Mukogodo is statistically 
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	6. Stated Offspring Sex Preferences of Mukogodo Women 
	Table 

	Stated 
	Stated 
	Stated 
	Stated 
	Stated 
	Preference 


	More Boys 
	More Boys 

	Sex Current Offspring 
	Sex Current Offspring 

	None 
	None 

	Total 
	Total 


	of 
	of 
	of 
	of 

	More Girls 

	Even 
	Even 


	More boys 
	More boys 
	More boys 

	8 
	8 

	3 
	3 

	2 
	2 

	1 
	1 

	14 
	14 


	More girls 
	More girls 
	More girls 

	0 
	0 

	3 
	3 

	0 
	0 

	6 
	6 

	9 
	9 


	Even 
	Even 
	Even 

	11 
	11 

	16 
	16 

	8 
	8 

	9 
	9 

	44 
	44 


	No preference 
	No preference 
	No preference 

	18 
	18 

	24 
	24 

	8 
	8 

	4 
	4 

	54 
	54 


	Total 
	Total 
	Total 

	37 
	37 

	46 
	46 

	18 
	18 

	20 
	20 

	121 
	121 



	bridewealth and immediately use it to pay for another wife for himself or one of his sons. Most men would probably have to use animals received as bridewealth to pay off debts and to maintain reciprocal livestock sharing arrangements, to sell for cash, and simply to support their families. 
	Interestingly, the stated sex preferences of Mukogodo women do not match their behavior (Table 6; Cronk 1991a). Although their behavior and the childhood sex ratio suggest a strong tendency to favor daugh­ters, many mothers express a preference for sons, and their overall stated sex preference is roughly equal. This finding demonstrates the importance of coupling studies of parents' stated sex preferences with measurements of actual parental behavior, since the two do not neces­sarily correspond. 
	Ifaluk 
	Ifaluk is an atoll in Micronesia inhabited by about 450 people who subsist mainly on fish, taro, breadfruit, and coconut (Betzig and Turke 1986). Ifalukese society is mildly stratified, with five clan chiefs, two local village chiefs, two chiefly advisors, and ten likely adult successors to these positions. Chiefs enjoy a variety of perquisites, including trib­ute, advantages in food-sharing arrangements, extra fish from coopera­tive catches, and less work than other men of their age group (Betzig 1988). Fu
	in 1983. Whereas about two-thirds of the time that high-status and wage-earning men spent associating with their children was spent with sons, low-status men spent nearly the same proportion of time with daughters (the difference is statistically significant). The time mothers spent with their children was similarly distributed; the wives of high­status and salaried men spent between 49% and 62% of their time with sons, and the wives of low-status men spent 65.7% of their time with daughters. Although Betzi
	The Cheyenne 
	Among the Cheyenne Indians in the late nineteenth century, young men had two possible roads to success (Moore 1990). The more pres­tigious path, followed mainly by young men born to the most pres­tigious polygynous families, was to become a trader, priest, or "peace chief." This goal was an expensive proposition since becoming such a leader required a young man's father and his agnates and allies. to pay gifts to instructors and sponsors. The other path was to try to become a "war chief" by bravery in battl
	and of higher status than war bands. 

	Records rom a census in1892 suggest that the Cheyenne may have been adjusting their sex ratio, and thus perhaps their parental invest­ment patterns, in accordance with the Trivers-Willard hypothesis. The sex ratio for childreaged 0-4 was 27 males to 39 emales (69:100) in the war bands and 33:34 (97:100) in the peace bands (Moore 1990). Although the female sex ratio bias in the low-status war bands is not statistically significant (x = 2.182, p >.10), the data's fit with the expectations of the Trivers-Willa
	f
	.. 
	n 
	f

	versity of Tennessee. One factor that complicates this case is the use of adoption among Cheyenne to form same-sex play groups (Moore and Campbell 1989). Adoption occurred mainly within band types rather than between them, however, and thus may have had little or no effect on the sex ratios (see also Moore 1980, 1987). 
	Historical Germany 
	Eckart Voland and his colleagues have found evidence of female­biased parental investment in historical demographic data from three different regions in Germany: Schleswig-Holstein, Ostfriesland, and the Krummhorn (Voland 1984, 1988; Voland and Siegelkow 1990; Voland et al. 1991). In a sample from Schleswig-Holstein between 1720 and 1869, the daughters of smallholders had better survivorship rates than sons (10.9% vs. 15.8% mortality during the first year of life), which may be due to their low status compa
	Data from the Krummhorn in the eighteenth and nineteenth centuries offer some of the most interesting evidence of female-biased parental investment (Voland and Siegelkow 1990; Voland et al. 1991). Infant mortality rates suggest that high-rather than low-status families biased their investment in favor of daughters, a pattern that corresponds with both the relative reproductive prospects and the parental investment costs of sons and daughters. Owing to land scarcity, only the youngest son of a farmer inherit
	The daughters of landed farmers were cheaper to raise than their brothers because they inherited only half as much capital as their broth­ers. Moreover, the daughters of landed farmers were less likely to remain celibate than either their brothers or the daughters of small­holders and landless families. Both the Trivers-Willard and local re­source competition models seem to be relevant to this case: high-status Krummhorn parents may have been more solicitous of daughters be­cause of their better reproductiv
	Table 7. Neonatal Sex Ratios in Good, Bad, and All Harvest Years, 1671-1720, in Turcifal Parish, Portugal 
	Table
	TR
	Males 
	Males 
	Born 

	Females 
	Females 
	Born 

	per 100 Females 
	per 100 Females 
	Males 


	Annual 
	Annual 
	Mean 


	Bad years 14) 
	Bad years 14) 
	Bad years 14) 
	(n 
	= 


	283 
	283 

	312 
	312 

	90.71 
	90.71 

	42.50 
	42.50 


	Good years 36) 
	Good years 36) 
	Good years 36) 
	(n
	= 


	741 
	741 

	661 
	661 

	112.10 
	112.10 

	38.94 
	38.94 


	All years (N 50) 
	All years (N 50) 
	All years (N 50) 
	= 


	1024 
	1024 

	973 
	973 

	105.24 
	105.24 

	39.94 
	39.94 



	Total 
	Total 
	Total 


	595 
	595 
	595 


	1402 
	1402 
	1402 


	1997 
	For sex-ratio difference between bad years and all years, ŁFor sex-ratio difference between good and bad years, ŁSource: Cowgill and Johnson 1971:325 
	Ł = 6.10; p <0.025 
	Ł = 17.40; p <0.0005 
	Historical Portugal 
	Nobility. Historical demographic data on the Portuguese nobility be­tween 1380 and 1580 reveals another possible example of female-biased parental investment (Boone 1986, 1988). The Portuguese nobility was divided into four strata. Those with primary titles were on top of the hierarchy, followed by members of the royal bureaucracy, a landed aristocracy called the senhorial class, and untitled and military special­ists. Among the upper nobility, male offspring had better marital pros­pects than their sisters
	-
	hat 
	o
	o
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	Peasants. Female-biased parental investment is also suggested by data on peasants in the Portuguese parish of Turcifalbetween 1671 and 1720 (Cowgill and Johnson 1971). Grain prices can be used as a rough guide to harvest quality: high prices may have been the result of poor harvests and short supplies of grain, whereas low prices may have been the result of good harvests and abundant grain supplies. Although the birth rate did not change with harvest quality, the sex ratio at birth did. When prices were hig
	Correlations Between Wheat and Barley Prices and Male and Female Deaths, 1671-1720, in Turcifal Parish, Portugal 
	Table 8. 

	Wheat 
	Wheat 
	Wheat 
	Wheat 



	Barley 
	Barley 
	Barley 
	Barley 




	Male Deaths 
	Male Deaths 
	Male Deaths 


	0.1201 
	0.1201 
	0.1201 


	0.0770 
	0.0770 
	0.0770 


	Female Deaths 
	Female Deaths 
	Female Deaths 


	0.2830 
	0.2830 
	0.2830 
	*
	*




	0.4096 
	**
	**


	All Deaths 
	All Deaths 
	All Deaths 
	All Deaths 



	0.2189 
	0.2189 
	0.2189 
	0.2189 



	0.2703 
	*p < .05 
	*p < .05 
	**p <.005 
	Source: Cowgill and Johnson 1971:323 
	the price of grain, had a significant association with the sex of a child." Females seem to have suffered more than males from food stress during poor harvest years, judging from correlations between grain prices and mortality rates (Table 8). This difference may have been due to the custom in which food was usually first served to male family members, and women received only leftovers (Cowgill and Johnson 1971:325--326). 
	The obvious conclusion from these data is that maternal food stress during pregnancy led to a female-biased sex ratio at birth, but exactly how and why this bias happened remains unclear. Cowgill and Johnson suggest that the proximate cause of the sex ratio variations was likely to have been male-biased stillbirths during poor harvest years. Unless the additional male fetal deaths occurred soon after conception and mothers were able to reconceive soon thereafter, however, the increased still­births postulat
	in 

	Contemporary North America 
	Gaulin and Robbins (1991) have suggested that the ability of mothers in modern American society to invest in their offspring may be influ­enced by both annual household income and the presence or absence of 
	an adult male in the household, and that, in accordance with the Trivers-Willard model, women who are poor or who do not have the help of an adult male may invest more in daughters than in sons. The responses of several hundred women to a questionnaire about their socioeconomic circumstances and reproductive histories give limited support to this prediction. The most convincing supporting evidence comes from data on nursing: women with annual household incomes of less than $10,000 or without an adult male p
	Nineteenth-Century United States 
	United States census records have provided circumstantial evidence of shifts in parental investment in favor of daughters during the nine­teenth century. The general pattern indicates that treatment of daugh­ters may have been worst in rural areas and best in urban areas. The reason appears to have been economic. Sons were more valuable in rural farming areas, whereas industrialization presented daughters with new economic opportunities and increased their value to their parents. Ham­mel, Johansson, and Gin
	nonurbanized regions was male-biased, whereas in more urbanized regions, such as New England, it was female-biased. These results match earlier findings from Massachusetts in 1860 that life expectancy was higher for male children in rural areas and in towns smaller than 10,000 and higher for female children in towns of 10,000 people or more (Vinovskis 1972). In a more detailed study of sex ratios and mortality patterns in Massachusetts between 1860 and 1899, Ginsberg and Swedlund (1986) found that although 
	The Herero 
	The Herero are prosperous pastoralists in the northern Kalahari de­sert. Several types of evidence indicate that Herero daughters are fa­vored over sons. First, the infant and childhood death rates of Herero boys are between two and three times those of Herero girls, which is far beyond what would be expected from greater male vulnerability alone. The effects of the high male mortality can be seen on sex ratios. The sex ratio at birth is estimated to be 105 males to 100 females, but it drops to 97:100 by th
	The reasons for this sex bias are not clear. Harpending and Pen­nington (1991) tested a local resource enhancement model, with mixed results. The idea is that daughters may make themselves cheaper to raise by attracting wealth not only in the form of bridewealth payments, which are small, but also in the form of seduction and child fees paid by fathers of children of unmarried women. One prediction of Harpending and Pennington's model is that newborns should have better chances of surviving if they have old
	wealth to the family; while a newborn girl will be more valuable if she has an older brother to help by attracting wealth to the family. The available data only half-support this prediction. Although an older sister does have a significant positive effect on the survivorship of a newborn boy until age two, having an older brother does not enhance the survival chances of a newborn girl. Another possibility is that Herero parental behavior is affected by their child fostering customs. Many Herero children are
	The Herero themselves attribute the high death rate among boys to witchcraft motivated by jealousy, which is inspired by births of sons but not daughters. This jealousy may endanger both baby boys and their mothers, so an added risk is involved in having a boy. Harpending and Kurland (1991) predict that, if true, mothers of male infants should be more stressed than mothers of females, and they suggest that these stresses may be detectable through salivary or urinal assays of adrenal hormones. 
	As in the Mukogodo case, Hereroarents do not admit to any sex bias in parental ivestment. This finding reinforces the case for treating informants' stated sex preferences as potential guides to cultural tradi­tions and beliefs but poor guides actual behavior (Cronk 1991a, 1991b; Harpending and Pennington 1991). 
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	The Kanjar 
	The Kanjar are a peripatetic people in South Asia who specialize in prostitution and production and sale of clay and papier-mache toys and other household items. They also give public performances of music and dance, beg, and occasionally offer carnival-type rides (Berland 1982, 1987; Gautam1983). Kanjar society is remarkable for the degree to which the usual positions of the sexes have been reversed. Males are said to live "like drones" (Tandon 1968:80), tending to be passive, cooperative, and subordinate 
	s 
	e
	. 

	Both economic and reproductive factors may play a role in explaining the Kanjars' preference for daughters. First, Kanjar females are more economically productive than males. Activities that are exclusively or primarily done by females, such as prostitution, dancing and singing, the sale of toys and other items, and begging, account for about 51% of the income to Kanjar households in rural areas and about 73% in urban areas (Berland 1987:253). Especially attractive and talented Kanjar girls may also be sold
	Second, Kanjar females help their brothers to get married. Bride­wealth among the Kanjar is very expensive, ranging from two to ten times their annual income (Gautam 1983:22), so many marriages instead involve exchanges of one woman for another. Usually the children of siblings are exchanged. One of Berland's female informants explained it this way: " . . . the only way I can avoid paying a fortune for my son's bride is to make his marriage with my brother's daughter and to give my daughter to my brother's 
	The Mundugumor 
	The Mundugumor of Papua New Guinea were studied by Margaret Mead and Reo Fortune in the 1930s (McDowell 1991; Mead 1935, 1949). The Mundugumor lived near the confluence of the Yuat and Sepik rivers and subsisted on horticulture and fishing. A difference of opinion ex­isted between Mundugumor fathers and mothers about the values of daughters and sons: fathers tended to favor daughters, whereas moth­ers tended to favor sons. Relationships between fathers and daughters were close, and fathers tried to favor th
	adult sons than with their daughters, and who attempted to allocate more goods and property to sons than to daughters. 
	The reason for Mundugumor fathers' preference for daughters seems to be related to their marriage system, which, like that of the Kanjar, involved direct exchange of women. Ideally, girls were to be used to obtain wives for their brothers, but fathers also sometimes used their daughters to obtain additional wives for themselves. This situation put fathers and sons in direct competition for the resources-daughters and sisters-needed to obtain mates and thus increased the costs of sons to fathers. The tension
	It is less clear why mothers favored sons over daughters. Perhaps women sided with their sons in the competition between fathers and sons because a women's inclusive fitness is enhanced if her son obtains a wife but not if her husband obtains one, or perhaps women's favor­itism toward sons was simply an attempt to balance their husband's favoritism toward daughters, or perhaps both factors contributed. Al­though Mundugumor society has changed so much since the time of Mead and Fortune's fieldwork that it ma
	CONCLUSION 
	Table 9 summarizes the examples presented above. In almost all cases the evidence of female-biased parental investment is indirect. The Trivers-Willard model has been suggested ultimate, evolutionary explanation of more than half of the cases, the set of ideas known as local mate/resource enhancement/competition and the nonevolutionary rational actor model may help to explain five of the examples. This finding provides spport for Sieff's (1990) contention that models other than Trivers-Willard deserve more 
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	tive than males, attract large bridewealth payments, are used in direct exchange mating systems, or where fathers, sons, and brothers are the main competitors for the resources required for mating. In most of these cases, the evidence is sufficient only to support the rational actor model. In order for the local resource enhancement/competition model to be supported as well, the observed female bias must be shown to lead to reproductive advantages for the parents in terms of either their own reproductive su
	Many opportunities exist for improvement and expansion of research on sex-biased parental investment. For example, none of the studies discussed here address the issue of the proximate psychological mecha­nisms involved in parental behavior (cf. Mackey and Coney 1987). This analysis is a necessary step toward a full, vertically integrated explana­tion of any behavioral pattern (Barkow 1989; Cronk 1991b). The discrep­ancies between informants' stated sex preferences and their actual be­havior are relevant to
	The main benefit of more research on sex-biased parental investment would be a more complete understanding of why parental investment patterns vary from society to society, from parent to parent, and from child to child, which may help us to predict and prevent child neglect. For example, one obvious implication of the local resource enhancement model is that development efforts aimed at improving the economic productivity of females may have the unplanned benefit of encouraging parents to treat their daugh
	Jim Boone, Katherine Dettwyler, Sarah Hrdy, and Beth Leech made helpful comments on an earlier draft of this manuscript. William Irons suggested that I look at the Kanjar case. John Moore provided additional information about the Cheyenne. Comments made by Monique Borgerhoff Mulder and Daniela Sieff 
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	9. Summary of Examples of Female-Biased Parental Investment 
	9. Summary of Examples of Female-Biased Parental Investment 
	9. Summary of Examples of Female-Biased Parental Investment 
	9. Summary of Examples of Female-Biased Parental Investment 
	Table 



	Case 
	Case 
	Case 

	Evidence of Female-biased Parental Investment 
	Evidence of Female-biased Parental Investment 

	Possible 
	Possible 
	Explanatory 
	Model 

	Do Stated 
	Do Stated 
	Sex Preferences and 
	Parental Behavior 
	Correspond? 

	Sources 
	Sources 


	Mukogodo 
	Mukogodo 
	Mukogodo 

	Childhood sex ratio, dispensary and clinic records, nursing 
	Childhood sex ratio, dispensary and clinic records, nursing 

	Trivers-Willard 
	Trivers-Willard 

	No 
	No 

	Cronk 1989a, 1989, 
	Cronk 1989a, 1989, 
	1990, 1991a 


	Ifaluk 
	Ifaluk 
	Ifaluk 

	association patterns 
	association patterns 
	Parent-child 


	Trivers-Willard 
	Trivers-Willard 

	No 
	No 

	Betzig and Turke 1986; Burrows and Spiro 
	Betzig and Turke 1986; Burrows and Spiro 
	1957 


	Cheyenne 
	Cheyenne 
	Cheyenne 

	Childhood sex ratios 
	Childhood sex ratios 

	Trivers-Willard 
	Trivers-Willard 

	No statements 
	No statements 
	available 


	Moore 1980, 1987, 1990; 
	Moore 1980, 1987, 1990; 
	Moore and Campbell 
	1989 


	Schleswig-Holstein 
	Schleswig-Holstein 
	Schleswig-Holstein 

	Mortality rates 
	Mortality rates 

	Trivers-Willard 
	Trivers-Willard 

	No statements 
	No statements 
	available 


	Voland 1984 
	Voland 1984 


	Ostfriesland 
	Ostfriesland 
	Ostfriesland 

	Mortality rates 
	Mortality rates 

	Trivers-Willard 
	Trivers-Willard 

	No statements 
	No statements 
	available 


	Voland 1988 
	Voland 1988 


	Krummhorn 
	Krummhorn 
	Krummhorn 

	Mortality rates 
	Mortality rates 

	Trivers-Willard/ 
	Trivers-Willard/ 
	Local resource competition 

	No statements 
	No statements 
	available 


	Voland and Siegelkow 
	Voland and Siegelkow 
	1990; Voland et al. 
	1991 


	Portuguese nobles 
	Portuguese nobles 
	Portuguese nobles 

	Dowry payments as indicated by marriage rates 
	Dowry payments as indicated by marriage rates 

	Trivers-Willard 
	Trivers-Willard 

	No statements 
	No statements 
	available 


	Boone 1986, 1988 
	Boone 1986, 1988 



	Portuguese peasants 
	Portuguese peasants 
	Portuguese peasants 
	Portuguese peasants 

	harvest quality and 
	harvest quality and 
	Correlation between 
	sex ratio at birth 


	Unknown 
	Unknown 

	No statements 
	No statements 
	available 


	Cowgill and Johnson 
	Cowgill and Johnson 
	1971 


	Contemporary North 
	Contemporary North 
	Contemporary North 
	America 

	Nursing and birth-
	Nursing and birth-
	spacing patterns 


	Trivers-Willard 
	Trivers-Willard 

	No statements 
	No statements 
	available 


	Gaulin and Robbins 1991 
	Gaulin and Robbins 1991 


	Nineteenth-century 
	Nineteenth-century 
	Nineteenth-century 
	United States 

	Mortality rates 
	Mortality rates 

	Rational actor, 
	Rational actor, 
	local resource 
	enhancement 


	No statements 
	No statements 
	available 


	Ginsberg and Swedlund 1986; Hammel et al. 
	Ginsberg and Swedlund 1986; Hammel et al. 
	1983; Vinovskis 1972 


	Herero 
	Herero 
	Herero 

	!Kung opinions 
	!Kung opinions 

	Enhancement of 
	Enhancement of 
	opportunities 
	for indirect 
	reproduction? 


	No 
	No 

	Harpending and Kurland 
	Harpending and Kurland 
	1991 


	Mortality rates, 
	Mortality rates, 
	Mortality rates, 
	skinfold 

	measurements 

	Local resource 
	Local resource 
	enhancement? 


	Harpending and 
	Harpending and 
	Pennington 1991 


	--
	--
	--
	)1 
	)1 

	Kanjar 
	Kanjar 

	Participant observation 
	Participant observation 

	Rational actor, local mate 
	Rational actor, local mate 
	and resource 
	enhancement 


	No statements 
	No statements 
	available 


	Berland 1982, 1987; see 
	Berland 1982, 1987; see 
	also Gautam 1983; 

	Tandon 1968 


	Mundugumor 
	Mundugumor 
	Mundugumor 

	Participant observation 
	Participant observation 

	Local mate and resource 
	Local mate and resource 
	enhancement and 
	competition 


	No statements 
	No statements 
	available 


	McDowell 1991; Mead 
	McDowell 1991; Mead 
	1935, 1949 



	on an unpublished manuscript also helped with this one. Deborah Gewertz helped me to track down information about the Mundugumor, and Nancy McDowell kindly allowed me to see parts of her book prior topublication. Joseph Berland made some helpful suggestions about the Kanjar. Henry Har­pending and Renee Pennington helped me to learn about the Herero. Ursula Cowgill alerted me to the research she and Harold Johnson conducted on Portuguese sex ratios, and they both gave me useful information about their study.
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