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Evolutionary and
Wealth Flows Theories
of Fertility: Empirical
Tests and New Models

HILLARD KAPLAN

HUMAN FERTILITY VARIES both among and within societies. Total fertility rates
have been reported to be over nine births per woman among the Hutterites
(Eaton and Mayer 1953) and lower than 1.5 in several European countries
(van de Kaa 1987). Even among low-density hunting and gathering socie-
ties, completed family sizes vary from just over four (Howell 1979) to al-
most eight (Hill and Kaplan 1988). In many developing countries and even
in the United States, both very high and very low fertility rates occur in
different sectors of the same population (Caldwell 1982; Whiteford 1986).
An adequate explanatory theory of human fertility ultimately will have to
account for this variation. Since the direct and indirect effects of popula-
tion growth may present the most serious social problems of the next cen-
tury (the current global population doubling rate is about 41 years: Brown
1990), a robust theory of high and low fertility rates would be of major
importance.

A plethora of alternative theoretical approaches to the study of hu-
man fertility is derived from different disciplines and schools within disci-
plines. Among these are the models of quality—quantity tradeoffs and of
opportunity costs, developed by the Chicago school of economics (Becker
and Lewis 1973; Becker 1981), the taste-preference (Easterlin 1973) and
supply-based models of the Pennsylvania school (Easterlin, Pollack, and
Wachter 1980), cultural evolutionary approaches that relate fertility to natu-
ral selection of culturally transmitted traits (Boyd and Richersen 1985), psy-
chological models of the effects of early childhood family rearing experi-
ence (Draper and Harpending 1982), models of female empowerment and
resource access (Handwerker 1988), proximate approaches to fertility de-
termination (Bongaarts 1978, 1983; Wood 1990), Caldwell’s wealth flows
theory (Caldwell 1978, 1982), and parental investment models derived from
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754 THEORIES OF FERTILITY

evolutionary biology (Blurton Jones 1986; Hawkes and Charnov 1988;
Pennington and Harpending 1988; Rogers 1990; Smith and Fretwell 1974).
Although much empirical research has been conducted on the basis of these
theories, less effort has been directed toward tests among alternative theo-
ries, especially those derived from different academic disciplines. The wealth
flows and parental investment models offer the opportunity for such a test
because they imply directly competing predictions.

The first part of this article presents tests of the competing predictions
of these two explanatory theories of human fertility. The second part dis-
cusses similarities and differences between evolutionary and wealth flows
theories of fertility, and develops a new set of models derived from the
logic of evolutionary ecology. The discussion focuses on tradeoffs between
fertility and the reproductive value of offspring and between care of, and
resource investment in, children. I discuss the new models in terms of the
kinds of physiological and psychological mechanisms that may have evolved
to solve those tradeoffs and to adjust behavior in response to variable eco-
logical conditions so as to approximate optimal fertility and parental in-
vestment. I then consider the empirical predictions those and other evolu-
tionary models generate, focusing on ecological variability in factors affecting
optimal birth spacing and investment in the adult income of children. The
article concludes with a discussion of the demographic transition and fertil-
ity in developed and developing countries. To explain fertility reduction
and the small effect of income on fertility in industrialized societies, I pro-
pose a hypothesis based upon competitive wage markets and the cumula-
tive nature of human capital.

Empirical tests of two theories of fertility

The wealth flows theory posits two distinctive human fertility regimes. In
the first or “pre—demographic transition” pattern, people express the desire
to have many children and average completed fertility exceeds four or five
live births. The second, or “post-demographic transition” regime occurs
when the demand for children is lower than the potential supply (see
Easterlin 1973) and people attempt to limit their fertility to two or three
births. Caldwell proposes that the economic value of children and the di-
rection of familial intergenerational wealth flows determine which regime
people will follow. When net wealth transfer from children to parents is
positive (i.e., subtracting the value of all parental wealth transfers to chil-
dren from the value of all children’s transfers to parents), parents are ex-
pected to desire as many children as possible because their wealth will in-
crease as a function of the number of children they produce. Alternatively,
when children consume more parental wealth than they provide (negative
wealth flow), parents are expected to desire fewer children (albeit some,
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because of the direct satisfaction children provide). Caldwell hypothesizes
that before modernization, children are net economic assets to parents. Fol-
lowing modernization, fertility is reduced when children cost more to raise
than they return. This theory has stimulated numerous studies aimed at
explaining the distribution and timing of fertility reduction in developing
countries (e.g., Handwerker 1986).

In contrast to wealth flows theory, models of fertility and parental in-
vestment derived from evolutionary biology expect that the net flow of re-
sources always will be from parents to offspring, even when fertility is high
(Turke 1989). The logic underlying this expectation is that natural selec-
tion has produced a preponderance of organisms that are designed to ex-
tract resources from the environment and convert those resources into de-
scendants carrying replicas of their genetic material. The theory predicts
that, of the existing genetic variants, those genes whose average effects on
phenotypes increase the number of descendants accumulate relative to al-
ternatives. Organisms that extract a net gain from their offspring would be
able to produce fewer genetic descendants than those that used their own
labor and excess energy to produce more viable offspring. This does not
mean that under some conditions natural selection could not favor a posi-
tive wealth flow from some offspring to parents or from offspring to par-
ents at some ages, but that the overall intergenerational flow of resources
will be downward. In addition, the Malthusian logic underlying evolution-
ary theory suggests that a positive wealth flow from offspring to parents
could not be sustained because it would lead to spiraling population growth.
Increases in fertility would lead to increased wealth, which, in turn, would
permit even greater fertility. In contrast to Caldwell’s view, evolutionary
theory predicts that the acquisition of wealth will be in the service of re-
production, rather than vice versa.

Opposing predictions from two theories permit one to make empirical
tests. However, as a recent debate between Turke (1989) and Fricke (1990)
shows, the flow of wealth between parents and children in a high-fertility
context has never been directly measured. Caldwell developed his theory
in response to what he considered to be poor measurement of inter-
generational wealth flows by other scientists, and a great deal of research
has been conducted since the theory’s publication. Virtually all of these
studies have measured intergenerational wealth flow with proxy variables
such as time allocation to labor (Cain 1977), children’s growth (Nag, White,
and Peet 1978; Stinson 1980), informant reports about the economic value
of labor (Bulatao and Arnold 1977), or availability of public education
(Caldwell 1982).

Small-scale societies with little or no involvement in the monetary
economy provide a relatively uncomplicated context for measuring the di-
rection of wealth flows because food is the principal form of wealth. In
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order to determine the net economic value of raising children and the life-
time direction of wealth flow, I draw on measurements of age-specific food
production and consumption' in three high-fertility traditional societies in
lowland South America. The results are presented below.

The study populations

There were three study communities:

Until the mid-1970s the northern Ache were full-time, nomadic hunter-
gatherers in the subtropical forests of eastern Paraguay. During the 1970s
all of the individual bands of northern Ache came into peaceful contact
with Paraguayan society. During the contact period (1970-78) about half
the population died from introduced diseases, and most of the remainder
were settled in religious missions where they were taught how to cultivate
manioc, sweet potato, corn, and beans. The study reported here was con-
ducted during two field sessions in 1981-82 and 1984-85 by Kim Hill, Kristen
Hawkes, A. M. Hurtado, and the author. During the period of study, the
Ache practiced a mixed economy, spending about 25 percent of their time
on extended hunting-and-gathering treks, foraging as in the past, and 75
percent at the mission with 200 inhabitants where they engaged in horti-
culture, fishing, hunting, and gathering. The data presented below were
collected during the hunting and gathering because the subsistence prac-
tices on these treks more closely resembled the Ache’s traditional subsis-
tence pattern. Data obtained from reproductive histories of a sample of 174
Ache women indicate that their total fertility rate was 8.15 prior to contact
with the society at large;? fertility increased in the 1980s following
sedentarization (Hill and Hurtado in press).

The second study community, Diamante, consisted of some 200 indi-
viduals of mixed, but mostly Piro, ancestry in southeastern Peru at the base
of the Andes. Having had marginal involvement with the national economy
for several generations, the Piro practiced a mixed economy of horticulture
(primarily manioc and plantains), shotgun hunting, fishing, gathering, and
some wage labor. About 7-10 percent of total food consumed was purchased
(about equal to the amount sold). The total fertility rate derived from in-
terviews with 27 women? currently living in the community was 8.2. The
behavioral data were collected by Michael Alvard and Teslin Phillips under
the author’s supervision from August 1988 to June 1989, and the demo-
graphic data were collected by Alejandro Smith.

The third community, Yomiwato, consisted of 105 Machiguenga located
in southeastern Peru on a small river in an area protected by the Peruvian
government as a national park. Because of park policy, no economic devel-
opment is allowed and its native inhabitants participate in a highly tradi-
tional economy with almost no access to money or wage labor. Their sub-
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sistence pattern during the study was based upon swidden horticulture,
bow-and-arrow hunting, fishing, and gathering. The total fertility rate de-
rived from interviews with 22 women currently living in the community
was 8.1. The data were collected by Kate Kopischke and the author from
September 1988 to May 1989.

Applicability of the study populations to a test of wealth
flows theory

Caldwell developed the wealth flows theory in response to demographic
patterns observed in developing country contexts. These pretransition soci-
eties might be described as “peasant” and had much stronger ties with the
state society than did the populations considered in this article. As such, it
might be argued that hunter-gatherers and forager-horticulturists are in-
appropriate test cases for the wealth flows theory.

There are three major advantages to conducting a test of Caldwell’s
theory among small-scale societies with very limited economic interaction
with state society and ownership of goods and land. First, the theory is
general. It relates fertility levels to the costs of children. If children are a
large net economic cost to parents in the societies considered here, we should
observe cultural patterns designed to limit fertility. As a corollary, if we
observe high fertility and pronatalist views, as is the case among the Ache,
Piro, and Machiguenga, the theory predicts that children should be net eco-
nomic assets to parents. Moreover, if in fact the psychology of fertility deci-
sions is sufficiently different for people in state and nonstate societies, we
need an overall theory that predicts those differences.

Second, while none of the study populations is “pristine,” their work
patterns are a response to economic and group-size conditions that are much
closer to those faced by humans throughout most of evolutionary history*
than is true for the societies for which the wealth flows theory was devel-
oped. A basic understanding of the psychology and culture underlying fer-
tility decisions in very small-scale societies may enable us to understand
human responses to the conditions of peasantry, modern industrial society,
and postindustrial society.

Third, as mentioned above, testing the wealth flows theory is much
less complicated in societies where wealth is not stored in land, cattle,
money, or other goods. In all three societies examined, food is consumed
within a few days of its acquisition or harvesting (usually the same day).
Moreover, power differences are small, there is no obvious control over
the labor of individuals by persons outside their immediate family, and ac-
cess to arable land and to hunting-and-gathering locations is essentially free.
This allows the investigator to focus on food as a measure of wealth flows
without missing major dimensions of economic costs and benefits.
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Resource production and acquisition During Ache foraging trips, the women
and children generally traveled as a group while men walked alone or in
small groups in search of game. To adequately sample Ache food produc-
tion, one investigator walked with the women and children while another
followed individual men. Since men brought virtually all the food they ac-
quired to the main group of women and children, the investigator who
remained with the women weighed all food acquired with Homs hanging
scales and recorded who acquired it. The weights of foods were then trans-
formed into caloric equivalents using published tables and laboratory analy-
ses of the samples we collected (Hill et al. 1984; Kaplan and Hill 1985a).
With this procedure, we summed all calories acquired by every individual
on treks and divided it by the number of days sampled to determine the
mean amount acquired per day by every individual.

Among the Piro and Machiguenga who lived in settled communities,
we employed a modified sampling method. Both communities were subdi-
vided into extended-family clusters of households separated by some min-
utes” walk from the next cluster. Since it was possible for one person to
monitor and weigh all food brought to a cluster, we defined a cluster as a
sampling unit. The day was divided into three four-hour sampling frames
(morning, midday, and afternoon) and each cluster was sampled equally
throughout the day. We also followed individuals away from their homes
to determine how much food was eaten away from the community. The
allocation of credit for garden products required special consideration. In
both communities, most of the forest clearance, planting, and weeding for
each garden was performed by a single man with some assistance from other
men and, perhaps, a little from his wife. Both men and women harvested
crops as needed for immediate consumption about every two to three days.
Children performed almost no garden labor with the exception of harvest-
ing. We assigned 50 percent of garden calories acquired to the harvester
and 50 percent to the person who cleared, burned, planted, and weeded
the garden. This proportional assignment was based on Baksh’s data (1984:
Table 4.18) on time allocation and work rates in a similar Machiguenga
community. He found that harvesting accounts for 46.2 percent of total
time spent in agricultural labor.’

In addition to the four-hour household samples in Diamante and
Yomiwato, we collected data on large game killed by all members of the
communities on most days during the field study. We used these data to
calculate large game acquisition in lieu of the data from household samples.
This was done because large game was killed rarely and the household sam-
pling procedure would have suffered from large sample error. We also col-
lected data on all large communitywide poison-fishing events for the same
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reason. The three data sets (household samples, large game, and poison-
fishing) were combined in determining total caloric production. The same
procedures as employed in the Ache study were used to convert weighed
foods to calories acquired per consumer per day. Average daily caloric ac-
quisition for each individual was measured as the sum of the average daily
caloric acquisition by that individual from each of the three data sets (i.e.,
from each of the three food types).

The sampling procedures were not strictly random for logistic reasons.
Among the Ache, although we attempted to sample as many groups as pos-
sible, our sample consisted solely of those individuals who decided to leave
the settlement to forage on wild foods.® Data were obtained on 14 foraging
trips. The sample includes 840 sample days on 101 Ache children under
the age of 18, and 1282 sample days on 94 Ache adults.

Among the Piro and Machiguenga, each cluster was sampled in rota-
tion because a random procedure would sometimes have required two suc-
cessive samples in the same place, a socially inappropriate length of visita-
tion. However, these deviations from random sampling were not syste-
matically related to age-specific food production and should not affect the
validity of the measures of resource flow. The Machiguenga sample includes
790 sample days on 58 individuals under age 18 and 506 sample days on
39 adults. The Piro sample consists of 818 sample days on 84 individuals
under age 18 and 489 sample days on 54 adults.

Food consumption Since food is eaten out of a common pot among the
Machiguenga and Piro and is shared extensively among the Ache, it was
not possible to measure individual food consumption directly. Food con-
sumption was estimated by a procedure used by the World Health Organi-
zation (1985) and the National Research Council (1989a: Table 3-1; 1989b)
for calculating the resting metabolic energy expenditure (REE) of individu-
als as a function of age, sex, and weight. The REE was determined for ev-
ery individual in our sample. The average daily food consumption for each
individual was then estimated assuming that all food was divided among
community members in proportion to their REE. This procedure resulted
in estimates of 3087, 3600, and 3827 calories per average adult per day for
the Machiguenga, Piro, and Ache, respectively.” Each individual’s estimated
daily caloric consumption was subtracted from the amount he or she actu-
ally acquired per day to determine the net deficit or surplus that individual
produced.

Time allocation For one of the groups, the Machiguenga, time alloca-
tion data from the four-hour sample blocks were used to examine the rela-
tionship between age, number of descendant kin, and work effort. Every
half-hour during the four-hour period, the behavior of each individual in
the household cluster was recorded. Those behaviors were either directly
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observed or obtained from reports. When individuals left the residential
area, they were asked what they were going to do, and when they returned
they were questioned about their activities while absent. Reports on the
activities of individuals who were absent during the entire four-hour pe-
riod were obtained from adults who were present and later verified by ques-
tioning the absent individual. The mean number of activity records per in-
dividual was 156.

Results

Figures 1-3 summarize the data. They show age-profiles of food produc-
tion, food consumption, and net productivity, for both sexes combined, for
the Machiguenga, Piro, and Ache, respectively.® (A more detailed analysis
of food production and consumption by age and sex will be published else-
where.)

The results for the Machiguenga (Figure 1) show that children con-
sumed many more calories than they produced during the period from birth
to age 18. The average child under the age of 18 consumed 2120 calories
per day but produced only 500 calories, or 24 percent of his or her total
caloric consumption. Thus, while the average child consumed close to 14
million calories before age 18, he or she produced only a little over 3 mil-
lion, yielding a net deficit of 10.5 million calories to be provided by adults.
Machiguenga adults, on the other hand, produced some caloric surpluses

FIGURE 1 Machiguenga food production and consumption by age: Both
sexes combined
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FIGURE 2 Piro food production and consumption by age: Both sexes combined
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at about age 20 and continued to produce more calories than they con-
sumed into old age. Even after age 60, the average adult produced about
4600 calories but only consumed around 2500.

Results for the Piro (Figure 2) parallel the Machiguenga data. The av-
erage child consumed about 2300 calories per day and produced only 370,
for a net daily deficit of 1970 calories. For the first 18 years of life, children
cost about 13 million calories in excess of what they provided. Piro adults
were also quite productive into old age. The average adult over age 60 pro-
duced some 6600 calories but consumed only around 2500.

The Ache did not differ substantially from the Piro and Machiguenga
(Figure 3). On average, children consumed 2500 calories and acquired about
560 calories, or about 22 percent of the total. For the period from birth to
age 18, the net deficit for children was about 13 million calories. Women
produced fewer calories than they consumed at all ages, but men produced
more than they consumed until about age 60. Old men (over age 60) in
our sample produced an average of only 800 calories per day even though
they probably consumed quite a bit more.’

The developmental trends differed between sexes and among groups.
Among the Machiguenga, girls’ food production exceeded that of boys from
age 6 to about age 20, after which males outproduced females. Girls helped
their mothers with the harvesting and processing of garden products, while
boys spent considerable time traveling in play groups, shooting small liz-
ards with miniature bows and arrows. Boys acquired more meat than girls
throughout adolescence. Since meat acquisition is much more time inten-

60 65
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FIGURE 3 Ache food production and consumption by age: Both sexes combined
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NOTE: Data for the Ache are limited to persons aged 45 or younger because our sample of women older than 45 is too small
to yield meaningful results.

sive than harvesting garden products, girls may not be cheaper to raise than
boys. There is also evidence of developmental change during adulthood
among men. Men between ages 20 and 40 acquired the most meat. Men
over age 50 hunted less and spent more time clearing and weeding gar-
dens. For this reason, the caloric production of old men was high, even
though they acquired little meat.

Among the Piro, the effects of age and sex on food production among
adults were almost identical with those among the Machiguenga. There is
no evidence, however, that girls outproduced boys in childhood and ado-
lescence. Among the Ache, girls acquired more food than boys until about
age 18. Again, boys spent more time in play and acquiring hunting skills,
while girls were more directly productive in gathering fruits. However, since
meat and honey accounted for some 80 percent of the total calories eaten
by the Ache, adult males outproduced females by a margin of about five to
one. In addition, the reduction in hunting productivity associated with ag-
ing rendered old men (60 and older) less productive than their counter-
parts among the Piro and Machiguenga horticulturists.

The Machiguenga data set also permitted additional analyses that are
the most direct tests of the alternative hypotheses regarding human fertil-
ity. For adults between ages 18 and 40, total caloric production was re-
gressed on number of dependent children and sex of producer. Males pro-
duced more than females, and food production was positively related to
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the number of biological children (n = 24, r*= .40, p = .0036; standardized
coefficient for sex = .489, partial p = .009, standardized coefficient for num-
ber of children = .36, partial p = .047). The results were even more telling
for the old-age security hypothesis. For adults over age 40, total food pro-
duction was regressed on number of grandchildren (which correlated with
number of adult children at .998; sex was not significantly related to food
production for this group). Again, older individuals’ food production was
positively correlated with both number of grandchildren (z = 13, p = .03)
and number of adult children (p = .049).

The time allocation data among the Machiguenga revealed similar
trends. Total work time (including time spent in foraging, gardening, pro-
cessing and cooking food, child care, manufacture and repair of tools, cloth-
ing, and houses, and other miscellaneous work) was regressed on number
of children and number of grandchildren for adults aged 18-40 and over
40, respectively. Number of children is positively correlated with total time
spent working for men aged 18-40 (n = 13, r* = .38, p = .02), but not for
women (n =11, p=.34). Although total work time was not related to num-
ber of grandchildren for adults over age 40, garden labor, the most energy-
intensive work, was strongly associated with number of grandchildren (n =
13, = .67, p = .0006).

Figure 4 shows the relationship between age and work effort through-
out the life course. The fitted curve is given by y = -21.62 + 19.55x — 0.24x°
(r*= .80, p<.0001, n = 87), where y is work time in minutes and x is age.
Work effort peaks at about age 40, when most adults are having their first
grandchildren as well as caring for several dependent children of their own.
Although work effort declines in old age, even the oldest adults work more
than adolescents.

Children work less than three hours per day until they reach age 15.
Much of their “work” is difficult to distinguish from play. Most foraging
time (which averages 30 minutes a day for 6-10-year-olds, 70 minutes a
day for 11-14-year-olds, and 100 minutes a day for 14-15-year-olds) is spent
play-hunting. Child care does not exceed an average of 15 minutes per day
for any age below 15 years. The same is true of gardening activities with
the exception of 14-15-year-olds, who average about 20 minutes per day.
Children aged 6-13 years spend about 20-30 minutes per day processing
food; the average for the two girls in the 14-15-year age class, however,
was 70 minutes a day.

Discussion

Our results have negative implications for Caldwell’s wealth flows hypoth-
esis. The data from all three groups show that even though children were
very costly to raise, fertility was high. In fact, children provided only about
20-25 percent of their caloric consumption before age 18. At the age when
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FIGURE 4 Time spent at all types of work by age among the Machiguenga
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they began to produce more than they consumed, most already had chil-
dren of their own. Postreproductive adults produced much more than they
consumed, and helped support their grandchildren. Net wealth flows were
downward in all three groups even though their fertility was high.

Rather than support the theory that parents in traditional societies
have many children in order to reap economic benefits (especially in old
age), these data suggest that parents desire children despite their economic
cost and that the labor of postreproductive individuals and adults with few
dependents supports this high fertility. To illustrate this, consider a hypo-
thetical Machiguenga couple with husband and wife both being between
30 and 40 years of age with three living children, a boy aged 4, a girl aged
8, and a boy aged 12. According to the food production and consumption
data underlying Figure 1, the daily deficit for the whole family would be
2160 calories. This deficit must be balanced, at least in part, by the surplus
production of other adults with fewer dependents, otherwise the adults could
not maintain weight and the children could not grow. The same calcula-
tion for Ache families would yield a net deficit of 2800 calories, and Piro
couples would have a surplus of about 2580 calories. Young Piro adults, on
the other hand, often have two or three children before they themselves
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produce more calories than they consume. During this time, older adults
support them and their young children. Data from other societies in Africa
(Hawkes, Blurton Jones, and O’Connell 1989) and Asia (Nag, White, and
Peet 1978) also show that old people work very hard, possibly indicating
that a life history pattern in which people experience reduced fertility in
old age and support the rearing of grandchildren may be a fundamental
human adaptation. Even if menopause cannot be explained by investment
in grandchildren (see Hill and Hurtado 1991; Rogers 1993), selection for
increased longevity following reproduction could be due to the ability of
grandparents to support the rearing of grandchildren. This may be unique
to humans.

Some objections to these conclusions could be raised. It is possible, for
instance, that the procedure used to estimate caloric consumption overesti-
mated the food eaten by children. Since the procedure did not adjust for
energy expenditure due to activity, children’s food consumption would have
been overestimated if adults were much more active than children. Also, if
some individuals, such as adult males, have preferential access to food and
consume more as a result, the estimates might not reflect true consump-
tion. However, sharing is very egalitarian in each of the groups. Among the
Piro and Machiguenga, women and children tend to eat from one pot and
men from another. But women serve the dishes with little male supervi-
sion and children appear to eat freely. Among the Ache, sharing is band-
wide and much attention is paid to equality of shares (see Kaplan and Hill
1985a for a detailed discussion of Ache food sharing). Children receive their
shares through their parents, but our informal observations suggest that
children receive preferential treatment when food is scarce.

Moreover, the estimates of caloric consumption used here do not dif-
fer substantially from National Research Council recommendations for very
active children. For example, NRC recommendations for the average
Machiguenga child would be 2030 calories per day'® compared with the
2110 calories generated by the estimation procedure used here. While the
activity data for children in these groups have yet to be analyzed, they ap-
pear to be much more active than American children and are exposed to a
very high disease and parasite load.!! Nevertheless, even if this procedure
overestimated children’s caloric consumption by 30 percent, correcting for
this error would only raise children’s food production to 30-35 percent of
the calories they consumed.

It is also possible that the caloric production of children was underes-
timated. The attribution of 50 percent credit to the gardener and 50 per-
cent to the harvester for garden products acquired by the Machiguenga and
Piro may have been incorrect. However, since felling large trees and weed-
ing are almost certainly the most energy-intensive activities in slash-and-
burn horticulture, 50 percent credit to the harvester may be too high, over-
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estimating the productivity of children. Among the Ache, the change from
a lifestyle based solely on hunting and gathering to a mix of horticulture
and foraging may have rendered children less effective as foragers than chil-
dren in the past. Ache informants report, though, that prior to peaceful
contact with other cultures, boys began to kill animals regularly only after
ages 15-16.

Other objections might be raised regarding the use of calories as a mea-
sure of the economic value of children. Differences in the nutrient content
of foods acquired by different age and sex classes could have a considerable
impact on economic costs and benefits. Meat appears to be a limiting re-
source among traditional Amazonian peoples, and garden products, par-
ticularly manioc, are often in abundant supply (see Hames and Vickers 1983
for a collection of such reports). This is probably the case here. Adjusting
for the fat and protein content of foods would make children even more
expensive to raise, but would also lower the value of the labor of older
people.

Children do other chores, such as cleaning, bringing water, and car-
ing for other children. Although data on these activities have yet to be ana-
lyzed for all three groups, adult women and men appear to spend much
more time in domestic chores than do children. Virtually all firewood is
acquired by adult women in all three groups. The only individuals observed
to engage in building and repairing houses were adult men and women.
Although children were frequently sent for water, those trips rarely lasted
more than five minutes because village sites and foraging camps were lo-
cated along water courses. The data from the Machiguenga presented above
show that children spend little time in productive and domestic labor.

In fact, it is likely that this analysis underestimates the cost of children
because it does not include parents’ time spent in child care. Observations
of Machiguenga children under the age of 6 revealed that the primary care-
taker was the child’s mother 61 percent of the time, other adults 25 per-
cent of the time, and children only 14 percent of the time. Among the Ache,
children under 4 years are in tactile contact with their mothers more than
80 percent of the time. Even if older children do help parents with the care
of younger siblings, any time that parents dedicate to child care is an extra
cost of parenting that must be added to the costs of provisioning calculated
here.

Caldwell (1982) proposes that a principal economic benefit provided
by children is the increase in status and power associated with large fami-
lies. As children become adults, large sibships may increase parental influ-
ence in the community. The political benefits of high fertility were not ex-
amined in this study, but, as argued earlier, these three societies do not
exhibit high levels of social stratification or differential access to resources.
This is why the regressions of adult work effort and food production on
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number of children and grandchildren are so revealing. Neither hunting
territory nor arable land is a limited resource for any of the groups. They
are surrounded by large tracts of forest. Individuals choose an area they
wish to clear, cut down the trees, and make a garden. A new patch is cho-
sen when the soil is no longer fertile. Hunting is also characterized by free
access. Therefore children cannot be the vehicle of resource access. Resource
production is completely determined by individual variation in time alloca-
tion and the productivity of time. If older people are working harder as a
result of their number of grandchildren (and hence of their adult children),
it cannot be because they have greater access to resources or because they
are storing wealth (as almost none is stored); it must be because they are
responding to greater payoffs to (demands on) their productivity.

Caldwell (1982) also suggests that a large number of surviving chil-
dren may ensure that parents will have someone to care for them if they
do not die before they become frail. The Machiguenga data showed that
adults with dependent children produce more food and work longer hours
as the number of children increases. The same is true of older adults, who
increase food production and time in garden labor as the number of grand-
children increases. If this is the case, parents and grandparents work very
hard through most of their adulthood and middle age to “pay” for that se-
curity. While it is true that people do become frail and nonproductive in
very old age, suicide and “euthanasia” are reported frequently among the
Ache and Machiguenga as causes of death among the frail. When people
become too weak to work, death often follows quickly.

In these three societies, in short, the overall flow of wealth appears to
be downward from parents to children and from grandparents to grand-
children.

Toward a general theory of human fertility and
implications for empirical research

There is a fundamental similarity between Caldwell’s wealth flows theory
of fertility and models derived from evolutionary biology. Both posit that
socioecological variability in the costs of rearing children partially deter-
mines completed family size. The principal differences between the two theo-
retical approaches lie in their conceptualization of the determinants of
children’s costs and of the factors that shape the underlying psychophysiol-
ogy of fertility. Caldwell’s theory treats the costs of children as an exog-
enous variable that is itself determined by social factors outside the scope
of the model. It assumes that humans are primarily consumers of satisfac-
tion-inducing goods and that they will increase their fertility when chil-
dren positively affect wealth. The effect of children on parental wealth is
determined by exogenous variables such as social attitudes and laws re-
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garding child labor, availability of education, and economic resources. The
theory does not attempt to explain culturally variable patterns of parental
investment in children and the social attitudes and policies associated with
them.

Life history models derived from evolutionary theory differ in two im-
portant ways from the wealth flows theory. First, they posit that, in part,
the costs of rearing children are determined endogenously. Second, evolu-
tionary models assume that the ultimate utility governing behavior is bio-
logical fitness. A basic theoretical premise is that individuals face tradeoffs
in the allocation of resources. Through time invested in work, individuals
acquire resources that can be invested either in their own consumption
(“somatic investment” in evolutionary jargon) or in the production and con-
sumption of offspring (“reproductive investment”). In life history models,
the tradeoff between somatic and reproductive investment can also be un-
derstood as a tradeoff between future and current reproduction because
somatic investment in health, growth, and social status is expected to trans-
late into higher levels of reproductive investment later in life. Additionally,
given a fixed budget of time and economic resources that are allocated to
reproduction, a second major investment tradeoff is between offspring qual-
ity and offspring number. Investments in child quality subtract from re-
sources available for investment in child number, and vice versa. As Becker
and Lewis (1973) point out in an independently derived economic version
of this theory, each unit of investment in child quality makes a unit in-
crease in child quantity more expensive, and vice versa. The expectation of
evolutionary theory is that natural selection acts on the joint outcome of
investments in offspring number and offspring quality, favoring those vari-
ants that are associated with the most genetic descendants in subsequent
generations.

The outcomes associated with different investment allocations are ex-
pected to vary with exogenous environmental conditions. Under conditions
in which the impacts of parental investment on offspring quality diminish
rapidly with increased investment, high fertility and low investment in qual-
ity are expected. Alternatively, in environments where relatively longer or
more intensive investment continues to increase offspring quality, expected
fertility would be lower (Pennington and Harpending 1988).

For species that rely heavily on learning and developmental adjust-
ments to environmental conditions, the theory predicts that individuals will
possess psychological and physiological mechanisms that allow them to per-
ceive variation in the benefits of parental investment and to adjust fertility
and the timing and intensity of parental investment accordingly. Parents
who either invest too little in offspring, such that they suffer high rates of
mortality, or invest too much, at the expense of extra fertility, will leave
fewer descendants than individuals who invest optimally.
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This perspective directs attention to the effects of fertility on child out-
comes. Define fitness (w) as the total number of offspring of a representa-
tive individual who survive to reproduce, that is, w = vs, where v is total
fertility over the reproductive ages and s is the proportion surviving to re-
productive age.'? If the proportion surviving is a negative function of fertil-
ity (i.e., ds/dv < 0) because parental investment must be divided among
more offspring, maximizing adult fertility may not maximize fitness. Fit-
ness has a direct positive effect through number of children and an indirect
negative effect though its impact on the survival of children. These causal
routes are illustrated in Figure 5.

Optimal fertility, v, the level of v that maximizes fitness, is found by
setting dw/dv, the total derivative of fitness with respect to fertility, to zero:

dw/dv = v(ds/dv) + s =0,

giving v = — s/(ds/dv). Figure 6 shows a simple example, where the rela-
tionship between actual fertility and child survival is specified by s = a — bv?,
with a = 0.8 and » = 0.008. (This is the dashed line in the figure.) The
fitness isoclines, sv =1, 2, 3, . . ., represent possible combinations of fertil-
ity and survival that yield equal numbers of total surviving offspring. The
point at which the broken line is tangent to the highest isocline is the opti-
mal fertility level. With the above specification, this level is v = (a/3b)"” =
5.77. Points to the left and right of the optimum yield lower numbers of
surviving children. The expectation is that observed variation in human
fertility patterns across and within societies will be associated with ecologi-

FIGURE 5 Direct and indirect effects of fertility on fitness

Offspring survival

Fertility of parents Fitness

NOTE: The figure depicts the relevant causal pathways in a static optimality model of
fertility. In a dynamic model, survival would also affect fertility because the death of a
child could lead to a shortening of time to next birth (as is often the case empirically).
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cal variation in the optimum point as a function of differential relation-
ships between fertility levels and child survival.

Figure 6 illustrates how the optimal fertility level depends upon the
nature of the relationship between fertility and child survival. That rela-
tionship itself should be determined by exogenous factors such as mortality
risks, the age-specific effects of parental provisioning, the impact of direct
care on survival, and other factors discussed in greater detail below. Thus
the optimum should be ecologically and individually variable.

The data presented here, however, suggest that this simple model does
not address several fundamental aspects of human reproductive behavior.
First, third-generation effects appear to be important in many traditional
societies because grandparents provision grandchildren. This may mean that
fertility in the first generation may affect not only survival in the second
but also fertility in the second and survival in the third (see Rogers 1990).
Thus it may be necessary to measure fitness in terms of third-generation
(or longer) effects. Models including those effects are likely to predict lower

FIGURE 6 Fitness isoclines and optimal fertility
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optimum rates of fertility than the one-generational model that maximizes
number of surviving children.

Second, the model does not take into account the timing of fertility
and parental investment. The data presented here illustrate that the de-
mands children place on parental resources vary with age. Since human
parents do not stop provisioning older children when the next child is born,
the demands increase as families grow. This means that it may be neces-
sary to model fertility dynamically in terms of optimal interbirth intervals.
Presumably, as Blurton Jones (1986) has suggested, the optimal interval
between births should increase with the number of dependent children par-
ents must provision. In addition, to understand the timing of births it will
probably be necessary to distinguish the direct care components of parental
investment (e.g., protection, training, emotional support) from the economic
resources parents invest in children. Here again, parents face a tradeoff:
time invested in care subtracts from time available for productive work,
and vice versa.

If we imagine that people have a fixed time budget for parental effort,
we can model the allocation of that time in terms of the amount invested
acquiring resources through labor and the amount invested in direct child
care.'” Parental effort invested in work produces resources (which may be
invested in existing children or in the production of the next child) at a
given wage or return rate. Thus parents can trade off time spent in care
against resources at a ratio set by the wage or return rate.

The expected reproductive value of each child, which is the product
of its expected probability of survival to adulthood times its expected fertil-
ity as an adult, may be thought of as its expected future genetic contribu-
tion to the next generation.!* For each child at a given age, its probability of
surviving to reproductive age and its fertility as an adult should be func-
tions of both resources invested in it and direct care. The shape of those
functions should depend on its age, other individual characteristics, and
local socioecology, but should always be increasing.

Given the assumption that natural selection tends to optimize tradeoffs
in investment allocations, the expectation is that over their lifetime parents
will attempt to maximize the sum of the reproductive values of their chil-
dren through the optimal allocation of their investment budgets and by
optimizing their fertility regime at each point in time. Thus the optimiza-
tion problem for investment at any point in time is to maximize the sum,
subject to the parental budget constraint.

A mathematical analysis of these tradeoffs (not presented here but
available from the author on request) yields some further insights. At equi-
librium when investments are optimally distributed, care will have a bigger
effect than resources on one fitness component (offspring survival to adult-
hood or offspring fertility as an adult) and the opposite will be true of their
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relative effects on the other component. This is due to the tradeoff between
time spent in care and time spent acquiring resources to invest in children.
This means that the difference between the marginal effects of care and
resources on survival is equal to the marginal effect on survival of an in-
crease in the proportion of total parental investment that is allocated to
care. An analogous statement may be made regarding the difference be-
tween the marginal effects of resources and care on expected adult fertility
of offspring who reach reproductive age. It also means that the difference
between the marginal effects of care and resources on survival divided by
the difference between their effects on fertility will equal the equilibrium
value of offspring survival to adulthood divided by the equilibrium value of
offspring fertility as an adult. (This is due to the tradeoff between investing
in survival to reproductive age and adult fertility of offspring.)

A fundamental result is that at equilibrium the marginal effects of care
and of time spent acquiring resources on both survival and fertility must all
be equal, both for a given offspring and across offspring.

Since offspring reproductive value is only partially determined by pa-
rental investment, we can examine the effects of exogenous changes in
survival and fertility on optimum investment allocations. For example, an
exogenous increase in survival, holding all else constant, should lead to a
relative increase in investment in the adult fertility of offspring and a rela-
tive decrease in investment in survival. The equilibrium condition requires
that an increase in the proportion of juvenile survival to adult fertility of
offspring must be accompanied by an increase in the proportion of the mar-
ginal effects of parental investment on survival to its marginal effects on
fertility. This increased proportion would occur at a higher level of invest-
ment in fertility and a correspondingly lower level of investment in sur-
vival, if, as is likely, the impacts of parental investment on fertility and sur-
vival are characterized by diminishing returns. This result is due to the
interaction of offspring survival and fertility in determining fitness, and, in
general, favors intermediate values of investment in each.

We may also consider the effects of changes in the wage/return rates
on optimal investment allocations. Increases in wage rates, holding all else
constant, should result in increased investment of resources in offspring for
analogous reasons. When wage rates increase, holding all else constant, a
smaller marginal effect of resources on offspring reproductive value will
meet the equilibrium condition. However, this does not necessarily imply
that the relative investment of time allocated to acquiring resources to time
allocated to care should increase. Since increases in wage rates result in a
larger total budget for parental investment, its effect on time allocation to
work relative to care should depend on the functions that relate care and
resources to survival and adult fertility. If the total marginal effect of re-
sources on offspring reproductive value diminishes more quickly with
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amount of resources invested than does the total marginal effect of care,
we might find an increased investment of time in care with an increase in
wage rate, even though the absolute amount of resources invested increases.

Given that the allocation of care and resources can be optimized to
maximize the expected reproductive values of children, the next problem
is to optimize the birth interval between each child. In this case, the tradeoff
is between the decrease in the reproductive values of existing children
through investment in the next child and the increase in the reproductive
value of the parent provided by the next child. Interbirth interval is opti-
mized when the difference between the sum of the reproductive values of
existing children without an additional competitor for investment and that
same sum with another competitor is equal to the reproductive value of
the newborn. This is illustrated graphically in Figure 7.

If each interval between successive children is optimized from first re-
production to last, total fertility will then be optimized. The age of last re-

FIGURE 7 Optimal birth intervals
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production should occur when bearing an additional child decreases the
sum of the reproductive values of children. This model assumes that early
reproduction does not lower subsequent fertility through increased mor-
tality of the parent or through effects on the budget constraint, but those
effects should be incorporated in further elaborations of the model (cf.
Charnov and Krebs 1974). The model shows why survival can also affect
fertility. If an infant dies, there are n-1 children. If it was worth producing
another child when the last baby was born, the death of that baby should
lead to immediate resumption of fecundity, given that all of the other chil-
dren would then be older as well.

Physiological and psychological mechanisms
underlying fertility and parental investment

The dual dynamic optimization problem proposed in this analysis (i.e., op-
timal allocation of time and resources in children and optimal timing and
number of children) is complex. Determining the shapes of the age- and
environment-specific functions that relate time and resources to the repro-
ductive value of children is a daunting task. This is true both for the scien-
tist and for the parent, who must “know” them to determine the optimal
allocation of time and resources. It is likely that people use some simplify-
ing “rules of thumb” to approximate those solutions. Attention must be
paid to plausible kinds of physiological and psychological mechanisms that
could: (1) have arisen through the action of natural selection; (2) approxi-
mate the optimal solutions to these problems; and (3) generate the specific
pattern of fertility variation found among and within human societies across
time and space.

Some of the physiological mechanisms underlying fertility are becom-
ing better understood. The duration of intensive breastfeeding has been
shown to be associated with length of the interbirth interval (e.g., Bongaarts
1983; Campbell and Wood 1988; Wood 1990), although the relationship is
apparently complex (Lesthaeghe 1987; Vitzhum 1989; Panter-Brick 1991).
Nutrition and work have also been shown to relate to reproductive physi-
ological function and to fecundity (Delgado et al. 1978; Ellison, Peacock,
and Lager 1989; Huffman et al. 1987; Hurtado et al. 1992; Lewis et al. 1991;
Lunn et al. 1984). This area of research should produce some definitive
results in the near future. The next step will be to integrate this under-
standing of mechanisms with an explanatory framework for understand-
ing why those mechanisms evolved to perform they way they do.

The psychological mechanisms underlying fertility decisions are even
less well understood. For example, we know very little about the psycho-
logical mechanisms underlying how long women breastfeed, whether they
use birth control when it is available, the length of the postpartum sexual



HILLARD KAPLAN 775

taboo, and the frequency of marital and nonmarital intercourse. Although
the study of knowledge, attitudes, and practice (KAP) is well developed in
world fertility studies, those studies have not provided an understanding of
why there are cultural differences and why there is individual variation
within societies in each of those three areas. Although, as scholars in dif-
ferent disciplines have suggested (e.g., Easterlin 1973; Boyd and Richersen
1985), it is likely that the attitudes and behavior affecting fertility are de-
termined by some combination of imitating cultural models and individual
adjustments to current conditions, we do not know how alternative mod-
els come to predominate in populations nor how individual adjustments
are made.

It is not hard to imagine that women might adjust the rate at which
they introduce supplemental foods, the timing of nursing, and their involve-
ment with sex to evaluations of their youngest child’s development and
physical condition. In general, between 30 percent and 50 percent of ba-
bies born in traditional societies without access to modern medicine die
before adulthood. Thus there is ample opportunity to observe many infant
and child deaths and the events leading up to them. The impacts of re-
duced care on sickly babies and the age at which most children would not
be too adversely affected by the birth of the next child should be both di-
rectly observable and the subject of much cultural lore that guides women'’s
behavior.

The human pattern of providing resources for children well into ado-
lescence and often into adulthood may present a more difficult problem for
analysis. The models discussed above focus on the tradeoff between utiliz-
ing resources for producing additional children and the reproductive value
of those children. The impacts of parental provisioning on the adult fertility
of children should be harder for parents to assess because of the delayed
nature of the effects. In the context of hunting-and-gathering societies and
small-scale horticulturists, the decision should concern the work effort par-
ents require of children. Why are parents often lax in disciplining children
and require little in the way of productive work from them (Draper and
Cashdan 1988)? Do foragers assess the probable returns from child labor,
the rate of substitution between their labor and that of their children, and
the payoffs to play and other activities in which children engage? If so,
how are they assessed, by whom, and to what extent do imitation and cul-
tural copying predominate in the population? Do peasants and landowners
in agricultural societies assess the availability of land, the distribution of
wealth, and the impacts of fertility on adult outcomes of offspring in ad-
justing patterns of inheritance, onset of reproduction, and total fertility?
Again, if so, how, and by whom? The same questions may be asked about
returns from education, parental investment, and fertility in modern in-
dustrial contexts. The critical requirement of the models discussed above is
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mechanisms by which limited time and resources can be optimally allo-
cated in relation to changing marginal returns so as to maximize a single
currency, fitness.

The assumption that those mechanisms exist is a working hypothesis
in model building. However, it also guides the search for the kinds of psy-
chological mechanisms we might expect to find. Given that available evi-
dence suggests that the domestication of animals and plants began about
10,000 years ago, the greater part of hominid evolution occurred in the
context of a simple food-gathering lifestyle. We need to investigate the kinds
of psychological and physiological mechanisms underlying fertility and pa-
rental investment decisions that would have evolved under those condi-
tions. Available evidence suggests that hunting-and-gathering groups tend
to be small, composed largely of kin, and that there is little in the way of
wealth and power differentials. Yet, in spite of those similarities, there is
also evidence of considerable ecological diversity in subsistence patterns and
associated social relationships. We do not know the extent to which the
human brain and its associated psychological processes are specialized to
those conditions and the extent to which they are sufficiently flexible to
respond to novel conditions. This issue becomes critical when we consider
behavior in peasant and modern industrial contexts. If behavior in modern
contexts systematically deviates from expectations derived from fitness-maxi-
mizing models, we need to determine the specific features of human psy-
chology and of contemporary socioeconomic conditions that are respon-
sible for those deviations (see Turke 1990; Tooby 1990; Perusse 1993; Kaplan
1993 for more in-depth discussions of this issue).

Moreover, abundant evidence points to regional and cross-cultural
variation in norms and practices regarding breastfeeding, postpartum sexual
abstinence, timing of marriage, nonmarital sexual activity, and other be-
haviors that affect fertility rates. It is clear that men and women do not
“reinvent” such behaviors individually, solely on the basis of trial-and-er-
ror learning (see Boyd and Richersen 1985). People rely, at least to some
extent, on accumulated knowledge and on existing responses to problems
in investment decisions. Thus there is room for historical forces and the
processes of cultural transmission to exert an impact on reproduction and
parental investment. In fact, it is when the outcomes of behavior are diffi-
cult to assess, as seems to be the case with the effects of parental invest-
ment on adult outcomes, that cultural copying becomes increasingly useful
(Boyd and Richerson 1985).

This discussion suggests that we need an integrated understanding of
the physiological and psychological mechanisms and of the cultural pro-
cesses underlying varying fertility outcomes. For example, since the physi-
ological pathways that relate breastfeeding to fecundity probably evolved
under conditions in which females had some control over the length of
breastfeeding, it will be difficult to understand the adaptive significance of
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those pathways without a clear understanding of the psychological and cul-
tural processes that govern maternal decisions concerning breastfeeding.
Since long-term investment in offspring after weaning is a fundamental
characteristic of the human species, it is likely that mechanisms governing
birth spacing respond to the length and intensity of investment. This is a
rich area for future investigation.

Empirical predictions derived from an evolutionary
perspective on fertility and parental investment

Although the direct application of the above model awaits measurement of
the relevant parameters, its formalization assists in specifying the informa-
tion we need to test it and leads to a number of qualitative predictions. We
focus here on two impacts of parental investment: (1) survival to repro-
ductive age and (2) adult fertility of offspring.

Parental care and child survival The impacts of direct care on child sur-
vival are almost certainly greatest when children are very young. In none
of the three societies studied here do children develop significant aware-
ness of environmental hazards until they are over two and a half years of
age (see Kaplan and Dove 1987 for results of developmental tests with Ache
children). In fact, when they begin to explore their environment in the
second year of life, they are at great risk of such accidents as falling into the
fire and puncture wounds, and can require even greater maternal vigilance
than newborns. One reason why most societies do not have birth intervals
resembling the Hutterite pattern of around one year may be that the hu-
man developmental program is based on intensive maternal supervision
until children learn to talk and have a significant awareness of the dangers
posed by their environment.

The relationship between parental care and child survival is likely to
vary by ecological circumstances. If the critical factor determining the opti-
mum length of interbirth intervals is the impact of reduced care on the
child who will be displaced from the breast by the newborn, a significant
component of the variation in average birth intervals across and within
societies should be explainable in terms of factors affecting the value of
varying lengths of intensive maternal care (see Blurton Jones 1986; Blurton
Jones, Hawkes, and O’Connell 1989; Borgerhoff Mulder 1992; and Low
1993 for related discussions). Significant differences across environments
are likely in health risks to children and in the improvements in those en-
vironments people invest in. Nomadic peoples are likely to invest the least
in improvements because the future benefits are of shorter duration. Varia-
tion in danger to infants and young children related both to the environ-
ment and to investments in improving it should be associated with differ-
ences between foragers and farmers, and among foragers and farmers,
respectively, in infant carrying (Lee 1979; Blurton Jones 1986), the use of
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sibling caretakers (Borgerhoff Mulder 1992; Borgerhoff Mulder and Milton
1985; Draper and Cashdan 1988), maternal food production (Hurtado et al.
1992), and fertility (Blurton Jones, Hawkes, and O’Connell 1989).

There is some suggestive evidence of this effect among the Ache. When
the Ache forage nomadically in the forest, they move camp daily and do
not create safe places for children to explore and play. As a result, mothers
closely guard young children and rarely allow them to be cared for by sib-
lings or other adults. Children under age 3 spend over 90 percent of the
time in tactile contact with their mothers. However, at the permanent agri-
cultural village where they now spend most of their time, areas in and
around houses are cleared and children spend significantly less time in tac-
tile contact with their mothers (Kaplan and Dove 1987). Consistent with
those behavior changes, the interval between births also has decreased from
a mean of 3.2 years when the Ache were full-time nomadic foragers to a
mean of 2.5 at the settlement (Hill and Hurtado in press; Hill and Kaplan
1988; see Hawkes, Blurton Jones, and O’Connell 1989 for similar sugges-
tions concerning !'Kung and Hadza foragers). Of course there are many other
possible causes of the change in fertility such as differences in workloads,
availability of weaning foods, and increased medical care.

In addition to ecological factors affecting the value of direct care of
children, exogenous environmental factors affecting the wage rate of women
(defined broadly to mean the rate at which resources are produced per time
spent working) should affect the costs of direct care, and hence birth inter-
vals. Increases in wage rates for women raise the opportunity costs of child
care and tend to favor greater investment in resource production; this tends
to produce lower fertility in modern industrial contexts (Mincer 1963; Becker
1981). On the other hand, the ratio of men’s wage rates to women'’s should
be positively related to women'’s time allocation to child care and hence to
higher fertility in modern contexts (Becker 1981). It should be mentioned,
however, that an increase in the value of women'’s labor does not invari-
ably lead to lowered fertility. For example, working-class women in eigh-
teenth-century France were more likely to use wetnurses when they were
involved in family businesses, and such women appeared to have increased
fertility as a result (Hrdy 1992 citing data from Garden 1970).

In general, the composition of residential groups and the time alloca-
tion of nonreproductive individuals (older people and children) should af-
fect the availability of alternative caretakers for children (Borgerhoff Mulder
1992; Turke 1988; see Hrdy 1992 for a full treatment of delegated mother-
ing). When women can effectively substitute their direct care with the care
of others, they should be able to dedicate more time to resource production
and to shorten interbirth intervals. A more common pattern, however, ap-
pears to be subsidizing child care with shared food (Hames 1988; Hawkes,
Blurton Jones, and O’Connell 1989; Hurtado et al. 1992). Preliminary analy-
sis of all three data sets discussed here shows that parents do not increase
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productivity calorie-for-calorie in relation to the net food requirements of
their children. In fact, young families and large families do not meet their
caloric needs with their own production and are supported by older people
and individuals with few dependents. In addition, some individuals are ex-
ceptionally high producers and share the resources they acquire with other
families. For'example, one Machiguenga man acquired about 45 percent of
the total meat eaten in the community of Yomiwato. The provisioning of
children, either directly or indirectly, by individuals other than their bio-
logical parents should affect age at first reproduction, interbirth intervals,
and total fertility. In these three societies, it allows young adults to repro-
duce when they are still dependent upon their parents for resources, al-
lows families to have multiple dependent children they cannot support, and
allows mothers of young infants to work little and to engage in intensive
care of infants (Hurtado et al. 1992).

Such aid greatly complicates the development of adequate models of
fertility. The models and the data presented here suggest that most human
groups should exhibit parity-sensitive fertility. They suggest that we must
reevaluate the evidence upon which the distinction between natural and
controlled fertility (Henry 1961) is based. It is generally agreed that parity-
sensitive fertility becomes prevalent in Europe only in the mid to late nine-
teenth century (see Coale and Treadway 1986 for a detailed discussion).
Most peasant societies are characterized as “natural fertility” regimes. The
separation of parity-sensitive and natural fertility regimes is based on age-
specific fertility profiles. A standard natural fertility schedule is used as a
basis for comparison, and deviations toward a greater proportion of births
at younger ages and a smaller proportion at older ages are used to infer
parity-specific fertility control (Coale and Treadway 1986).

The data presented here suggest that demands on parental resources
increase with each child, at least until the oldest child is almost an adult.
The models suggest that interbirth intervals should be sensitive to that in-
crease. Since the standard natural fertility schedule itself exhibits declining
fertility with age, conformity with that schedule does not necessarily indi-
cate insensitivity to parity. Moreover, since more-fertile women who ex-
perience higher offspring survival may be healthier and better off economi-
cally, cross-sectional tests relating birth intervals to number of living children
or to parity prior to the interval may not detect parity-specific fertility or
reproductive tradeoffs (see Hill and Hurtado in press for lack of evidence of
tradeoffs). If costs do increase with number of surviving children, resource
sharing and assistance in care should attenuate the effects of parity. We
should expect that, other things being equal, fertility will be increasingly
parity-sensitive the greater the economic and social self-reliance of parents.

Parental investment and adult reproductive value Consideration of the im-
pact of parental investment on the adult fertility of offspring implies an
additional set of qualitative predictions. Variation in the timing and inten-
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sity of resource provisioning by parents should reflect the costs and ben-
efits of substituting child labor for adult work. Therefore the rate at which
children’s productivity (i.e., resources produced per unit of labor) approaches
adult productivity will affect the proportion of time adults and children work,
and the proportion of total resources that children provide for themselves
as a function of age. This suggests that the importance of strength and learned
skills in the efficiency of production of local resources should affect devel-
opmental trends in children’s productivity. When stationary resources such
as gardens and naturally occurring plant foods and insects are located close
to home, children’s productivity should increase (see Blurton Jones, Hawkes,
and O’Connell 1989). So too should children’s labor when harvest size in-
creases with the number of unskilled laborers. When the diet or the princi-
pal sources of monetary income are derived more from resources that re-
quire strength or learned skills, however, children should depend upon
parents longer, and parents should be able to raise fewer children.

The cost of labor to children should also affect their self-sufficiency.
Two kinds of costs may be important. Direct risks to children’s health such
as increases in the probability of accidents and illness due to productive
labor are one kind. Delayed effects and opportunity costs in terms of train-
ing and skill acquisition are another. If engaging in productive labor pre-
vents children from learning skills that will greatly increase their produc-
tivity as adults, we might expect children to devote more time to skill
acquisition and to be less self-sufficient. This may be the case in foraging
societies where the acquisition of hunting skill requires years of nonpro-
ductive play, and in modern industrialized societies where earnings increase
with time spent in school. Under those conditions parents, by provisioning
children, may influence their reproductive value by increasing their earn-
ings as adults, which, in turn, would affect their budget for reproduction.
Alternatively, if, as may be the case among peasants in developing coun-
tries and among the underclass throughout the world, parents can do little
to provide children with the resources necessary to remain in the educa-
tion system for long periods, we might expect higher fertility and lower
parental investment per offspring. Finally, if children’s labor is both pro-
ductive and provides training opportunities for skill development, we might
expect children to work hard and parents to achieve high fertility. This may
be true among many pastoralists, horticulturists, and peasant agriculturists.

The human capital theory of fertility in developed and
developing countries

It does not appear that people in modern industrialized countries are maxi-
mizing fitness with the low fertility they exhibit. Recent analyses of US data
(Kaplan et al. in press; Mueller nd) show that people with the highest fer-
tility have the most grandchildren and that the modal fertility of two chil-
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dren is not associated with the highest fitness. Why do most people choose
to have two, or at most three children when they would have so many
more grandchildren if they had larger families? In addition, many studies
suggest that individuals with more wealth do not translate that wealth into
higher fitness (e.g., Vining 1986; Kaplan et al. in press; Perusse 1993). We
must be able to explain why people of very different incomes have con-
verged on the same fertility rates.

The theoretical approach and the models presented here imply direc-
tions for hypothesis formulation. The models suggest that if parents elect to
have two or three children, their assessment must be that the care and
resources diverted to a third or fourth child would worsen outcomes for
the first two children sufficiently to motivate cessation of reproduction. If
this is correct, it suggests the need to focus on cues parents use for assess-
ing outcomes and on the conditions that change the function relating pa-
rental investment to those cues.

Data from England from 1550 to the mid-nineteenth century indicate
that marital fertility rates were rather stable; however, marriage rates them-
selves varied markedly, with an average of about 50 percent of reproduc-
tive-age women being married (Wilson and Woods 1991). These compara-
tively low marriage rates may have been caused by population growth and
a resultant scarcity of land. The principal means by which people acquired
the resources necessary to establish a family were inheritance and the cap-
ture of land through military exploits (see, for example, Boone 1986). Scar-
city of land was associated with biased inheritance patterns in which one
or two children received the majority of the inheritance and the remainder
were forced to fend for themselves and often to enter nonreproductive roles
in the clergy, the military, or domestic service (Boone 1988; Lesthaeghe
and Wilson 1986). Apparently, setting up one or two children with suffi-
cient capital resources to start a family and investing little in the remaining
children produced a more attractive result than intermediate amounts of
investment in each.

The industrial revolution, which itself may be seen as a response to
these demographic and economic conditions, appears to have had several
simultaneous effects on fertility. As the demand for labor began to approach
its supply, more individuals could earn enough to support children. Par-
ents faced an additional tradeoff: the market demand for child labor in-
creased, but at the same time competition in wage markets may have raised
the value of parental investment and delayed entry into labor markets (i.e.,
investment in human capital). Through parental support, children could
delay entry into the labor force and receive education and training that
increased their final wages.

The standard theoretical result of general equilibrium theory in com-
petitive economies is that workers are paid according to their marginal prod-
uct (i.e., the increase in revenues they provide to the firm) (see, however,
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Frank 1985 for a critique of this result). The theory of investment in hu-
man capital (e.g., Becker 1975) predicts that people will invest in training
to the point where the marginal returns on lifetime income from additional
investment equal the marginal cost. Those costs are expected to rise with
age because of reduced years in the work force available to reap the advan-
tages of higher wages and because, as skill increases, each additional year
of investment is more costly in terms of lost wages.

The impact of skills and knowledge (i.e., human capital) on marginal
product is likely to be a direct function of the technology of production
(Willis 1982). Prior to large-scale industrial production, the impact of hu-
man capital on production is likely to have diminished at much lower lev-
els. Lindert (1986) estimates that in England the overall share of national
income attributable to human capital increased from 15 percent in 1967 to
52 percent in 1972-73. In agrarian/ranching societies, limitation of physi-
cal capital (land and livestock) probably placed greater constraints on pro-
duction than did human capital.

Consideration of the cumulative nature of human capital stock ac-
crual may help us understand some of the seeming contradictions associ-
ated with modern fertility.!” The acquisition of many skills is dependent
upon the base of precedent skills on which they are built. This is especially
true of mathematics, but also seems to be true of skills associated with read-
ing and writing. This suggests that the skills parents have may form part of
the base from which children draw their skills.

This observation has several implications. First, the value of investing
resources in children’s education may depend directly on the time parents
dedicate to their children, if success at school, particularly at higher levels,
depends upon the base children receive from parents. Second, the payoffs
to investments in the higher education of children may be greater for par-
ents who themselves are more educated (and hence, other things being
equal, earn more).

Taking these two implications together, a third emerges concerning
small or no income effects on fertility rates in developed countries. Because
of the positive association between human capital and earnings, richer par-
ents tend to possess more human capital. This should increase the payoff
both to time spent on children and to resources invested in them. Thus, the
extra income of richer parents may be balanced by increased optimal levels
of investment in offspring, so as to yield no net fertility effect.

Without taking such effects into account, the models presented above
(like other evolutionary models of parental investment) imply that (1) op-
timal parental investment does not depend upon income; and (2) adult re-
productive value is a positive linear function of adult income. If, in the
past, income linearly predicted adult reproductive value, psychological
mechanisms that adjusted fertility and parental investment to the adult in-
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come of offspring (rather than to reproductive value, per se) could have
maximized fitness and may have evolved through natural selection. Thus
human psychology may be designed to maximize the sum of the energetic
resources garnered by descendants. Perhaps the critical novel element in
modern society is the combination of increased importance of human capi-
tal in determining income and a positive relationship between parents” hu-
man capital and optimal investment in offspring to maximize the sum of
their incomes. If this is correct, parents may be accurately adjusting invest-
ment in response to cues that no longer predict offspring reproductive value.

A fourth implication is that differences between the developed and
developing worlds may be explained by the cumulative nature of human
capital. This theory suggests that in addition to the availability and cost of
contraception, three factors should affect fertility reduction in the develop-
ing world: (1) production opportunities that require high levels of accrued
human capital; (2) access to education; and (3) the cost of education. With
respect to the first factor, growth in production opportunities and women'’s
access to them may be especially critical. Without growth in jobs that re-
quire high levels of human capital, parents with low levels of accrued capi-
tal may not find it worthwhile to reduce fertility, because their children
would be outcompeted by the children of parents with higher stocks of capi-
tal. If women have access to those productive opportunities, both the op-
portunity costs and the benefits of childcare will be greater, favoring lower
fertility. The costs of training, in terms of lost child labor, fees, and parental
time, must be high enough to favor reduced fertility, but low enough that
training is feasible for poor people.

A fifth implication is that competition in wage markets and cumula-
tive human capital acquisition may positively feed back on one another. As
the supply of individuals with a given stock of human capital increases, the
associated wage rate of jobs requiring that level of human capital should
drop. The level at which the effect of human capital on wage rates deceler-
ates may rise as the stock of capital increases.'®

Unique features of evolutionary models and
implications for empirical tests

Many of the predictions and some of the reasoning discussed here have
been derived independently from very different theoretical perspectives.
Many functional models share the prediction that fertility responds to the
technology of production, the productivity of child labor, and juvenile mor-
tality, and is resource-limited. The distinctive feature of current evolution-
ary models is their reliance on a single outcome currency, biological fit-
ness. This reliance has a number of important implications.
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‘First, it focuses attention on competition between reproductive alter-
natives within populations. In contrast, many functional theories within
demography, history, and anthropology propose that humans adopt fertil-
ity patterns that maintain an equilibrium between population and resources
(see, for example, Coale 1986; Hayden 1986; Harris and Ross 1987). Cul-
tural patterns of fertility control are viewed as adaptations to maintain that
equilibrium. If mortality rates drop or food supply decreases, people com-
pensate with reductions in fertility. This view is now disfavored by evolu-
tionary biologists. Because variants that increase their genetic representa-
tion in future generations relative to alternatives become more prevalent
through time, altruistic individuals who curtail reproduction in order to
maintain equilibrium with resources will be outcompeted by individuals
who turn a disproportionate share of the resource base into their own ge-
netic progeny. Explanations based upon population advantage in terms of
equilibrium with the environment have been shown to be theoretically and
empirically inadequate (see Williams 1966 and Trivers 1985, for discussions).
For this reason, explanations of low population growth rates among hunter-
gatherers as an adaptation to avoid overexploiting resources (Hayden 1986;
Harris and Ross 1987) are suspect, as are models of demographic transition
as an equilibrium response to lower mortality (see van de Walle 1986 for a
discussion). The models presented here rely on very different mechanisms
for explaining the relationship between resource accrual, mortality, and
fertility (i.e., payoffs to parental investment and limited budgets for invest-
ment). Moreover, evolutionary biologists expect populations to overexploit
resources when it is individually advantageous to do so and to experience
Malthusian checks as a result.

Another implication is that evolutionary models view the psychologi-
cal processes governing satisfaction, decision, and action as the result of a
history of natural selection through the differential representation of ge-
netic variants. This focuses attention on descendants and outcomes for de-
scendants. In contrast, most rational models, including those of the new
home economists (Becker 1981; Becker and Barro 1988; Becker, Murphy,
and Tamura 1990) and of Caldwell (1982) and Handwerker (1988, 1993),
propose that investments in children are governed by their effects on pa-
rental satisfaction, either because children increase parental wealth or be-
cause positive outcomes for children provide pleasure for parents. The con-
cepts of utility and satisfaction are quite flexible, and ultimately they are
compatible with almost any set of behavioral results. The more rigid re-
quirements of evolutionary models make them inherently more falsifiable.
In fact, it is likely that the low fertility behavior and high adult consump-
tion levels characteristic of modern industrial society will not be explained
by models of current fitness maximization. However, the robustness of the
theory of natural selection in explaining organic evolution demands that
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an adequate explanation of human reproduction confront the effects of natu-
ral selection.

Conclusion

Although more data are necessary to determine whether net intergenera-
tional wealth flow is downward in all societies, it should come as no sur-
prise that under most conditions, humans, like all other known organisms,
invest in, rather than exploit, their offspring. We clearly need theories that
are grounded in our general understanding of the biology of living organ-
isms while also being capable of predicting the pattern of variability in hu-
man fertility. An adequate general theory of fertility requires: (1) a theory
of parental investment consistent with our understanding of the effect of
natural selection on life histories; (2) the specification of a set of proximate
physiological and psychological mechanisms that could have evolved un-
der traditional conditions in a hunting-and-gathering life; and (3) empiri-
cal adequacy for explaining variability in fertility levels across traditional
societies, historical changes in marriage patterns and fertility levels in com-
plex state societies, fertility reduction in the industrial era and short-term
fluctuations in those fertility levels, and the pattern of fertility reduction
and nonreduction in the developing world.

Such a theory will require a synthesis of data and theory that have
emerged from biology, anthropology, sociology, demography, history, eco-
nomics, and psychology. Those disciplines offer a plethora of theoretical
approaches to the study of human fertility. These alternatives, when com-
pared one against the other, share some common predictions, offer some
unique and competing predictions, and, in some cases, are complemen-
tary. Research designed to evaluate those alternatives within single studies
is clearly needed. The study of human fertility could serve as a paradigm
for interdisciplinary cross-fertilization, theory development, and empirical test.
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1 Although a longitudinal sample of food
production and consumption through the life
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course would be ideal, it is of course unfea-
sible. This is a cross-sectional sample that is
being used to approximate life course changes
and is subject to ambiguous interpretation of
cohort effects. The age pattern of work in a
cross-sectional sample confounds develop-
mental effects with historical change. This
problem is especially serious in societies un-
dergoing rapid social change, as are the Ache
and Piro and, to a lesser extent, the Machi-
guenga. Informant reports about work pat-
terns in the past, however, do not reveal cog-
nizance of major changes in the age pattern
of work.

2 Data on the women’s sisters who died
were included in the sample. Thus our mea-
sure is a total fertility rate rather than com-
pleted family size. The two measures yield
very similar estimates, though.

3 This is a small cross-sectional sample,
and the sample sizes for the later ages become
quite small. The estimates of total fertility
rates for the Piro and the Machiguenga may
not be reliable for the purposes of cross-cul-
tural comparison. However, analysis of data
from independent samples of the reproduc-
tive histories of the informants’ mothers re-
vealed almost the same figure, suggesting both
that the estimates are reliable and that there
has been little change in fertility patterns.

4 Clearly, the evolution of our species and
its ancestral lines occurred under a wide range
of ecological circumstances, most of which
were quite different from the tropical forests
of Amazonia. We do not know the sensitiv-
ity of child labor patterns to local ecology
among foraging groups. Nevertheless, forager
and forager-horticulturist societies share char-
acteristics in terms of the scale of production,
the lack of ownership of land, the activities
involved in subsistence, the accumulation of
wealth, and distribution of and access to
power that are different from those of state
and peasant societies.

5 Changes in these percentages primarily
affect the proportions acquired by adult men
and women, respectively (higher percentage
credit to the harvester increases women'’s and
decreases men'’s food production). Children
harvested only small amounts of food, and
these figures may actually overestimate
children’s food production because children
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frequently did not process the food they har-
vested and they sometimes were given full
harvesting credit for tubers they transported
even though their mothers actually dug them
out (i.e., because the digging was not ob-
served).

6 A comparable sample at the settlement
would be quite useful and should have been
collected.

7 This method assumes that effort ex-
pended in activity is the same for all age/sex
classes and is insensitive to differences in
work effort. This procedure may overestimate
the food consumption of children and under-
estimate consumption by adults.

8 Since the number of days sampled var-
ied across individuals and since within-indi-
vidual variation in food production across
days is greater than among-individual varia-
tion in mean food production within age/sex
cohorts, the data on food production are pre-
sented as means for the entire cohort (total
food produced divided by total days sampled)
rather than as the mean of the individual
means across days. This smoothes out the de-
velopmental trends but does not alter the
overall results substantially.

9 About 28 percent of Ache ever born
reach age 60 years; this is about half those that
reach age 20 (Hill and Hurtado forthcoming)

10 This figure was obtained by extrapo-
lating from the formula (BME X 2.25) used
for very active adults (BME = basal metabolic
expenditure).

11 Unpublished analyses of Piro and
Machiguenga stool specimens indicated that
the average child was infested with more than
four species of intestinal parasites. It is likely,
however, that Ache children’s food consump-
tion was overestimated to some extent be-
cause adult men were so much more active
than women and children.

12 The intrinsic rate of increase, r, is a
more accurate definition of fitness because it
relates age-specific mortality and fertility
schedules to the rate of increase of alleles
through time. In the discrete time form, it can
be obtained by solving Lotka’s equation for r:

(A)
1= 2‘1 I.m e+
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where o is age at last reproduction, [ is the
probability of surviving to age x, and m_is fer-
tility at age x. The model presented here fo-
cuses on survival to adulthood and total fer-
tility, ignoring such factors as generation time,
because doing so simplifies presentation and
directs our attention to a principal tradeoff
faced by parents in investment decisions.

13 This assumes that the division of time
between parental effort and the time they al-
locate to themselves (including maintenance,
financial support, leisure, pursuit of status
and mating opportunities, etc.) is fixed and
outside the scope of the model.

14 More technically, reproductive value at
birth should be defined in continuous form as:

[ mlx m e dx

where © is age at last reproduction, [ is the
probability of surviving to age x, m_is fertility

References

787

at age x, and r is the population growth rate.
1 choose to simplify this expression in the text
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adult because it captures the essence of the
parental tradeoff.
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and Barro 1988; and Becker, Murphy, and
Tamura 1990 for similar discussions. I only
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this section.

16 Becker, Murphy, and Tamura 1990
offer an elegant set of models suggesting that
to the extent that new technologies of pro-
duction are built on accumulated knowledge,
there may be greater marginal effects of hu-
man capital on income as the overall stock of
human capital increases. They use those mod-
els to explain lower equilibrium levels of in-
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countries.

Baksh, M. 1984. “Cultural ecology and change among the Machiguenga Indians of the Peru-
vian Amazon,” unpublished Ph.D. dissertation. Los Angeles: University of California.
Becker, G. S. 1975. Human Capital, 2nd edition. New York: Columbia University Press.

. 1981. A Treatise on the Family. Cambridge: Harvard University Press.
and H. G. Lewis. 1973. “Interaction between quantity and quality of children,” in

T. W. Schultz (ed.), Economics of the Family: Marriage, Children, and Human Capital. Chi-
cago: University of Chicago Press, pp. 81-90.

Economics 4: S1-S39.

Journal of Economics 103: 1-25.

and N. Tomes. 1986. “Human capital and the rise and fall of families,” Journal of Labor
and R. J. Barro. 1988. “A reformulation of the economic theory of fertility,” Quarterly

, K. M. Murphy, and R. Tamura. 1990. “Human capital, fertility and economic growth,”
Journal of Political Economy 98: S12-S837.

Blurton Jones, N. G. 1986. “Bushmen birth-spacing,” Ethology and Sociobiology 7: 91-105.

. K. Hawkes, and J. F. O’Connell. 1989. “Modeling and measuring the costs of chil-

dren in two foraging societies,” in V. Standen and R. Foley (eds.), Comparative Socioecology:
The Behavioral Ecology of Humans and Other Mammals. Oxford: Blackwell, pp. 367-390.
Bongaarts, J. 1978. “A framework for analyzing the proximate determinants of fertility,” Popu-

lation and Development Review 4: 105-132.
. 1983. “The proximate determinants of natural marital fertility,” in R. A. Bulatao and

R. D. Lee (eds.), Determinants of Fertility in Developing Countries. New York: Academic Press,

pp- 103-138.

Boone, J. 1986. “Parental investment and elite family structure in preindustrial states,” American

Anthropology 88: 859-878.

Borgerhoff Mulder, M. 1992. “Reproductive decisions,” in E. A. Smith and B. Winterhalder
(eds.), Evolutionary Ecology and Human Behavior. New York: Aldine de Gruyter, pp.

339-374.



788 THEORIES OF FERTILITY

-and M. Milton. 1985. “Factors affecting infant care in the Kipsigis,” Journal of Anthro-
pological Research 41, no. 3: 231-262.

Boyd, R. and P. J. Richersen. 1985. Culture and the Evolutionary Process. Chicago: University of
Chicago Press.

Brown, L. R. 1990. “The illusion of progress,” in L. R. Brown et al. (eds.), State of the World,
1990. New York: Norton, pp. 3-16.

Bulatao, R. A. and F. Arnold. 1977. Relationships Between the Value and Cost of Children and
Fertility: Cross-Cultural Evidence. Honolulu: East-West Population Institute.

Cain, M. 1977. “The economic activities of children in a village in Bangladesh,” Population
and Development Review 3: 201-227.

Caldwell, J. C. 1967. “Fertility attitudes in three economically contrasting rural regions of
Ghana,” Economic Development and Cultural Change 15: 217-238.

. 1978. “A theory of fertility: From high plateau to destabilization,” Population and De-

velopment Review 4: 553-577.

. 1982. Theory of Fertility Decline. New York: Academic Press.

Campbell, K. L. and J. Wood. 1988. “Fertility in traditional societies,” in P. Diggory and S.
Teper (eds.), Natural Human Fertility: Social and Biological Mechanisms. London: Macmillan,
pp. 39-69.

Charnov, E. L. and J. R. Krebs. 1974. “On clutch size and fitness,” Ibis 116: 217-219.

Coale, A. J. 1986. “The decline of fertility in Europe since the eighteenth century as a chapter
in human demographic history,” in A. J. Coale and S. C. Watkins (eds.), The Decline of
Fertility in Europe. Princeton: Princeton University Press, pp. 1-30.

and R. Treadway. 1986. “A summary of the changing distribution of overall fertility,
marital fertility, and the proportion married in the provinces of Europe,” in A. J. Coale
and S. C. Watkins (eds.), The Decline of Fertility in Europe. Princeton: Princeton Univer-
sity Press, pp. 31-181.

Delgado, H., et al. 1978. “Nutrition and birth interval components: The Guatemalan experi-
ences,” in W. H. Mosley (ed.), Nutrition and Human Reproduction. New York: Plenum,
pp. 385-400.

Draper, P. and E. Cashdan. 1988. “Technological change and child behavior among the !Kung,”
Ethnology 27: 339-365.

and H. Harpending. 1982. “Father absence and reproductive strategy: An evolution-
ary perspective,” Journal of Anthropological Research 38: 255-273.

Easterlin, R. A. 1973. “Relative economic status and the American fertility swing,” in E. B.
Sheldon (ed.), Family Economic Behavior. Philadelphia: Lippincott, pp. 170-223.

, R. Pollack, and M. L. Wachter. 1980. “Toward a more general economic model of
fertility preferences,” in R. A. Easterlin (ed.), Population and Economic Change in Develop-
ing Countries. Chicago: University of Chicago Press, pp. 81-135.

Eaton, J. and J. Mayer. 1953. Human Biology 25: 206.

Ellison, P. T., N. R. Peacock, and C. Lager. 1989. “Ecology and ovarian function among Lese
women of the Ituri forest,” American Journal of Physical Anthropology 78: 519-526.
Frank, R. H. 1985. Choosing the Right Pond: Human Behavior and the Quest for Status. New York:

Oxford University Press.

Fricke, T. E. 1990. “Darwinian transitions? A comment,” Population and Development Review
16: 107-119.

Garden, M. 1970. “La demographie lyonnaise: L’analyse des comportements,” Lyon et les
Lyonnnais au xviiié Siecle. Paris: Bibliothéque de la Faculté des Lettres de Lyon, d’Edition
“Les Belles Lettres,” pp. 83-169.

Hames, R. 1988. “The allocation of parental care among the Yekwana,” in L. Betzig, P. Turke,
and M. Borgerhoff Mulder (eds.), Human Reproductive Behavior. Cambridge: Cambridge
University Press, pp. 237-254.

and W. Vickers (eds.) 1983. Adaptive Responses of Native Amazonians. New York: Aca-
demic Press.

Handwerker, W. P. (ed.) 1986. Culture and Reproduction. Boulder: Westview Press.




HILLARD KAPLAN 789

. 1988. Women, Power and Social Revolution. Newbury Park: Sage.

. 1993. “Empowerment and fertility transition on Antigua, WI: Education, employ-
ment and the moral economy of childbearing,” Human Organization 52: 41-52.

Harris, M. and E. B. Ross. 1987. Death, Sex and Fertility. New York: Columbia University Press.

Hawkes, K. and E. Charnov. 1988. “Human fertility: Individual or group benefit,” Current
Anthropology 29: 469-471.

_N. B. Blurton Jones, and J. O’Connell. 1989. “Hardworking Hadza grandmothers,” in
V. Standen and R. Foley (eds.), Comparative Socioecology: The Behavioral Ecology of Humans
and Other Mammals. Oxford: Blackwell, pp. 341-366.

Hayden, B. 1986. “Resources, rivalry, and reproduction: The influence of basic resource char-
acteristics on reproductive behavior,” in Handwerker 1986, pp. 176-195.

Henry, L. 1961. “Some data on natural fertility,” Eugenics Quarterly 8: 81-91.

Hill, J. 1984. “Prestige and reproductive success in man,” Ethology and Sociobiology 5: 77-95.

Hill, K. and A. M. Hurtado. 1991. “The evolution of premature reproductive senescence and
menopause in human females,” Human Nature 4: 31 3-350.

. In press. Ache Life History: The Ecology and Demography of a Foraging People. Chicago:
Aldine.

Hill, K., et al. 1984. “Seasonal variance in the diet of Ache hunter-gatherers,” Human Ecology
12: 145-180.

Hill, K. and H. Kaplan. 1988. “Tradeoffs in male and female reproductive strategies among
the Ache, parts I and IL,” in L. Betzig, P. Turke, and M. Borgerhoff Mulder (eds.), Hu-
man Reproductive Behavior. Cambridge: Cambridge University Press, pp. 291-306.

Howell, N. 1979. Demography of the Dobe !Kung. New York: Academic Press.

Hrdy, S. 1992. “Fitness tradeoffs in the history and evolution of delegated mothering with
special reference to wet-nursing, abandonment, and infanticide.” Ethology and Sociobiol-
ogy 13: 409-442.

Huffman, S., et al. 1987. “Nutrition and fertility in Bangladesh: Breastfeeding and post partum
amenorrhea,” Population Studies 41: 447-462.

Hurtado, A., et al. 1992. “Tradeoffs between female food acquisition and child care among
Hiwi and Ache foragers,” Human Nature 3: 185-216.

Kaplan, H. 1993. “The problem of resource accrual and reproduction in modern human popu-
lations remains an unsolved evolutionary puzzle,” commentary on Daniel Perusse, “Cul-
tural and reproductive success in industrial societies: Testing the relationship at the proxi-
mate and ultimate levels,” Behavioral and Brain Sciences 16, no. 2: 291.

and H. Dove. 1987. “Infant development among the Ache of eastern Paraguay,” De-
velopmental Psychology 23: 190-198.

Kaplan, H. and K. Hill. 1985a. “Food sharing among Ache foragers,” Current Anthropology 26:
223-245.

. 1985b. “Hunting ability and reproductive success among male Ache foragers,” Cur-

rent Anthropology 26: 131-133.

. 1986. “Sexual strategies and social-class differences in fitness in modern industrial
societies,” commentary on D. R. Vining, Jr., “Social versus reproductive success: The
central theoretical problem of human sociobiology,” The Behavioral and Brain Sciences 9:
198-199.

Kaplan, H. and J. B. Lancaster. 1991. “Male fertility and parenting: Tests of models with a
sample of Albuquerque men,” plenary address presented at the Annual Meeting of the
Human Behavior and Evolution Society, Hamilton, Ontario, Canada.

Kaplan, H., et al. In press. “Fertility and fitness among Albuquerque men: A competitive
labour market theory,” in Proceedings of the Galton Institute Symposium. Oxford: Macmillan.

Lee, R. B. 1979. The !Kung San: Men, Women and Working in a Foraging Society. Cambridge:
Cambridge University Press.

Leslie, P. W., J. R. Bindon, and P. T. Baker. 1984. “Caloric requirements of human popula-
tions: A model,” Human Ecology 12: 137-162.

Lesthaeghe, R. 1987. “Lactation and lactation related variables; contraception and fertility:




790 THEORIES OF FERTILITY

An overview of data problems and world trends,” International Journal of Gynaecology

and Obstetrics 25 (supplement): 143-173.

and C. Wilson. 1986. “Modes of production, secularization, and the pace of fertility
decline in Western Europe, 1870-1930,” in A. J. Coale and S. C. Watkins (eds.), The
Decline of Fertility in Europe. Princeton: Princeton University Press, pp. 261-292.

Lewis, P. R., J. B. Brown, M. B. Renfree, and R. V. Short. 1991. “The resumption of ovula-
tion and menstruation in a well-nourished population of women breastfeeding for an
extended period of time,” Fertility and Sterility 55: 529-536.

Lindert, P. H. 1986. “Unequal English wealth since 1670,” Journal of Political Economy 94:
1127-1162.

Low, B. S. 1993. “Ecological demography: A synthetic focus in evolutionary anthropology,”
Evolutionary Anthropology 1: 177-187.

, A. L. Clarke, and K. A. Lockridge. 1992. “Toward an ecological demography,” Popula-
tion and Development Review 18: 1-31.

Lunn, P, et al. 1984. “The effect of improved nutrition on plasma prolactin concentrations
and postpartum infertility in lactating Gambian women,” American Journal of Clinical
Nutrition 39: 227-235.

Mincer, J. 1963. “Market prices, opportunity costs, and income effects,” in C. Christ et al.
(eds.), Measurement in Economics: Studies in Mathematical Economics and Econometrics in
Memory of Yehuda Grunfeld. Stanford: Stanford University Press, pp. 67-82.

Mueller, U. nd. What Is Evolutionary Competition About? Average, Maximal, and Optimal Fecun-
dity. Mannheim, Germany: Center for Survey Research and Methodology.

Nag, M., R. White, and R. Peet. 1978. “An anthropological approach to the study of the eco-
nomic value of children in Java and Nepal,” Current Anthropology 19: 293-306.

National Research Council. 1989a. Diet and Health. Washington, D.C.: National Academy Press.

. 1989b. Recommended Daily Allowances. Washington, D.C.: National Academy Press.

Panter-Brick, C. 1991. “Lactation, birth spacing and maternal workloads among two castes in
rural Nepal,” Journal of Biosocial Sciences 23: 137-154.

Pennington, R. and H. Harpending. 1988. “Fitness and fertility among the Kalahari !Kung,”
American Journal of Physical Anthropology 7: 303-319.

Perusse, D. 1993. “Cultural and reproductive success in industrial societies: Testing the rela-
tionship at the proximate and ultimate levels” (with comments), Behavioral and Brain
Sciences 16, no. 2: 267-323.

Rogers, A. R. 1990. “The evolutionary economics of reproduction,” Ethology and Sociobiology
11: 479-495.

. 1993. “Why menopause?” Evolutionary Ecology 7: 406—420.

Smith, C. C. and S. D. Fretwell. 1974. “The optimal balance between size and number of
offspring,” American Naturalist 108: 499-506.

Stinson, S. 1980. “Child growth and the economic value of children in rural Bolivia,” Human

~ Ecology: 89-103.

Tooby, J. 1990. “The past explains the present: Emotional adaptations and the structure of
ancestral environments,” Ethology and Sociobiology 11, no. 4/5: 375-424.

Trivers, R. L. 1985. Social Evolution. Menlo Park: Benjamin Cummings.

Turke, P. W. 1988. “Helpers at the nest: Childcare networks on Ifaluk,” in L. Betzig, P. Turke,
and M. Borgerhoff Mulder (eds.), Human Reproductive Behavior. Cambridge: Cambridge
University Press, pp. 173-188.

. 1989. “Evolution and the demand for children,” Population and Development Review

15: 61-90.

. 1990. “Which humans behave adaptively, and why does it matter?” Ethology and So-

ciobiology 11, no. 4/5: 305-340.

. 1991. “Theory and evidence on wealth flows and old-age security: A reply to Fricke,”
Population and Development Review 17: 687-702.

van de Kaa, D. J. 1987. “Europe’s second demographic transition,” Population Bulletin 42, no 1.




HILLARD KAPLAN 791

van de Walle, F. 1986. “Infant mortality and the European demographic transition,” in A. J.
Coale and S. C. Watkins (eds.), The Decline of Fertility in Europe. Princeton: Princeton
University Press, pp. 201-233.

Van Valen, L. 1973. “A new evolutionary law,” Evolutionary Theory 1: 1-30.

Vining, D. R., Jr. 1986. “Social versus reproductive success: The central theoretical problem
of human sociobiology,” The Behavioral and Brain Sciences 9: 167-216.

Vitzhum, V. J. 1989. “Nursing behaviour and its relation to duration of post-partum
amenorrhea in an Andean community,” Journal of Biosocial Science 21: 145-160.

Whiteford, L. M. 1986. “Economic diversity, family strategy, and fertility in a Mexican-Ameri-
can community,” in Handwerker 1986, pp. 237-248.

williams, G. W. 1966. Adaptation and Natural Selection. Princeton: Princeton University Press.

willis, R. J. 1982. “The direction of intergenerational transfers and demographic transition:
The Caldwell hypothesis reexamined,” Population and Development Review 8 (supplement):
207-234.

wilson, C. and R. Woods. 1991. “Fertility in England: A long term perspective,” Population
Studies 45: 399-415.

Wood, J. 1990. “Fertility in anthropological populations,” Annual Review of Anthropology 19:
211-242.

World Health Organization (WHO). 1985. “Energy and protein requirements. Report of a
joint FAO/WHO/UNU expert consultation,” Technical Report Series 724. Geneva: World
Health Organization.



