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Summary. We tested the proposition that among humans 
(1) differences in lactational duration result in differ- 
ences in costs of reproduction even under rich nutritional 
conditions; and (2) elimination of factors postulated to 
favor male-biased parental care will be reflected in elimi- 
nation or reversal of sex-biased care. To do so, we exam- 
ined the relationship between lactational duration and 
fertility among Hutterites, a communal-living human 
population in which the levels of nutritional resources 
and fertility are high, breast-feeding is the norm, contra- 
ceptive use is limited and the collective social and eco- 
nomic system results in low resource variance among 
individuals. We demonstrate that even under good nutri- 
tional conditions, duration of nursing was a significant 
predictor of the length of time to next pregnancy and 
that nursing continued to suppress fertility after the re- 
sumption of menses. Moreover, we find that daughters 
were nursed longer than sons, leading to a longer inter- 
val to next pregnancy. We examine this uncommon, but 
not unique, finding of female-biased human parental 
care in the light of Hutterite social structure, and we 
explore the consistency of this finding with the most 
applicable models of parental investment. 

Introduction 

Lactation constitutes the most energetically costly form 
of postnatal parental care in mammals (Prentice and 
Prentice 1988). Among many species, lactation also en- 
tails a cost to future reproduction through lactational 
amenorrhea, which produces a delay in subsequent con- 
ceptions. In some situations, lactational suppression of 
fertility may extend beyond the period of amenorrhea 
(Gomendio 1989; Guz and Hobcraft 1991). Moreover, 
to the extent that provision of lactational care is biased 
with respect to offspring sex in any species or popula- 
tion, such care potentially constitutes sex-biased invest- 
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ment from an evolutionary perspective (sensu Trivers 
1972). 

Among humans, male-biased parental care predomi- 
nates (Hrdy 1987) but is not universal (Voland et al. 
1991; Cronk 1991). Polygyny and male control of re- 
sources are considered the predominant sex-biasing fac- 
tors affecting human investment patterns. Sex-biased 
patterns of offspring care in humans have been evaluated 
in light of theories developed for other species. These 
include the effect of parental care on offspring reproduc- 
tive success (Trivers and Willard 1973), sex-biased off- 
spring dispersal (Clark 1978), and sex bias in offspring 
competition with, or assistance of, parents (Clark 1978; 
Altmann 1980; Silk 1983; Clutton-Brock and Iason 
1986). 

Although lactational suppression of fertility has been 
demonstrated for many primates (e.g. Altmann et al. 
1978), including humans (e.g. Zacharias etal. 1987), 
considerable disagreement exists regarding the duration 
of the affect in various species and the extent to which 
other factors such as nutritional plane or energetic bal- 
ance effect lactational infertility or subfertility (Lee 
1987; Smuts and Nicolson 1989, for non-human pri- 
mates; Lunn et al. 1980 for humans). The predominant 
view with respect to humans and the larger anthropoids 
has been that when nutritional conditions are sufficiently 
high so that milk production is not food-limited, lacta- 
tional suppression of fertility is restricted to the period 
of amenorrhea or is reduced or even eliminated beyond 
the first few months postpartum (Kennedy et al. 1989). 

In this study, we tested the proposition that among 
humans (1) lactational costs to reproduction persist 
under rich nutritional conditions; and (2) elimination 
of factors postulated to lead to male-biased parental care 
will be reflected in elimination or reversal of sex-biased 
care. To do so, we examined the relationship between 
duration of lactation and fertility among Hutterites, a 
communal-living human population in which the levels 
of nutritional resources and fertility are high, breast- 
feeding is the norm, and the collective social and eco- 
nomic system results in low variance in resources among 
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individuals. Previous studies of sex-biased investment in 
human populations have not investigated biased invest- 
ment with respect to the duration or pattern of nursing. 
Studies on nursing duration in humans, on the other 
hand, have not considered sex differences in nursing. 
We have attempted to combine both these approaches 
in a prospective study. 

Methods 

Subjects. The Hutterite sect is a religious isolate established in 1528 
in the Tyrolean Alps. Today, more than 35000 Hutterites live on 
communal farms in the northern United States and western Cana- 
da. Genealogical records trace all extant Hutterites to ancestors 
living in the 1700s (Mange 1964; Steinberg et al. 1967; Martin 
et al. 1980). Details of Hutterite history and population structure 
are described elsewhere (Steinberg et al. 1967; Martin 1970; 
O'Brien 1987). 

A number of features of Hutterite society make it an ideal 
population in which to study nursing and fertility and to do so 
in a population lacking most factors predisposing to male-biased 
care (Hostetler 1974). We highlight five of these. First, Hutterites 
are monogamous and nearly all Hutterites eventually marry and 
reproduce. Second, with few exceptions, all Hutterite women 
breast-feed their infants and there is little variability in social or 
nutritional factors that may affect nursing duration or fertility. 
For example, food is prepared and eaten in a common kitchen 
and dining room, and use of birth control is either limited or 
proscribed. Third, due to the Hutterites' communal lifestyle, colony 
resources are shared and Hutterite parents are not dependent on 
their children for financial or other support in their old age. Fourth, 
children are raised communally beginning at an early age, and 
strong sex-segregation of roles in Hutterite society substantially 
limits the opportunities available to women to the domestic realm. 
As a consequence, the potential for continued maternal investment 
declines greatly shortly after weaning, and the opportunity for pa- 
rental assistance by offspring becomes different for sons and 
daughters. Daughters begin to assist their mothers in domestic and 
child-care activities at an early age. Mothers continue to depend 
on assistance from daughters, but not sons, up until the time that 
daughters marry and leave home. If the daughters stay in their 
natal colony, this relationship continues. In contrast, the contribu- 
tion of sons is at the level of the colony. Daughters also contribute 
at this level, but in addition aid their mothers in child-rearing 
whereas sons do not. In a sense, sons "pay back" the colony 
as a whole, while daughters initially "pay back" their mothers 
specifically. Finally, the women in this study have been cooperative 
in keeping detailed records of nursing, menses, and pregnancy. 
These data were collected as part of ongoing studies of fertility 
in this population (Ober et al. 1983, 1985, 1992). 

Data collection and analysis. During visits to Hutterite colonies, 
women who have not yet completed their families were asked to 
participate in a prospective study of pregnancy outcome (Ober 

et al. 1992). At the time of enrolment, information on date of last 
menstrual period, birth control use, and nursing practices are col- 
lected from each woman. Each woman is given a supply of preg- 
nancy test kits (EPT, Warner Lambert Company) and a calendar 
diary. Women are instructed to record in the diary the first day 
of each menstrual period, dates of any illnesses that they or their 
husband have, dates when they are separated from their husbands, 
and any other events that may reduce the likelihood of pregnancy. 
Women also record changes in nursing behavior and use of bottle 
supplements. Each study participant tests for pregnancy monthly 
beginning 3 months after delivery until menses begin. Once menses 
resumes, the women are instructed to test for pregnancy 30 days 
after the first day of their last menstrual period, if the next menstru- 
al period has not begun. All pregnancy test results and any events 
following a positive test (bleeding, miscarriage, fetal death, deliv- 
ery) are recorded in the diaries. Diaries are collected every 6 months 
and new kits are distributed to all participants upon request. Fol- 
low-up information is collected once or twice a year, either in 
person or through the mail. 

The major objective of this study was to determine the extent 
of lactational effects on subsequent fertility, to determine whether 
there is evidence for a lack or reversal of male-biased care (i.e., 
do Hutterite mothers nurse female infants longer than male in- 
fants), and to examine the effects of differential nursing patterns 
on fertility. Data on bith date and sex of infant in previous preg- 
nancy, duration of nursing, return of menses, dates of positive 
pregnancy test, and pregnancy follow-up were available for 57 
women. Nursing or suckling duration is defined as the interval 
from birth until breastfeeding has been terminated. The demo- 
graphic characteristics of the subjects are presented in Table 1. 
None of the characteristics differed between mothers of male in- 
fants and mothers of female infants (t-test, P> 0.05). 

Analysis proceeded in three stages. Because contraceptive use 
may affect nursing duration and interbirth interval, we first tested 
for sex-related bias in tendency of mothers to use contraceptives 
after a birth. Second, we evaluated the effect of continued nursing 
after return of post-partum menses on time to next pregnancy. 
Finally, we evaluated the effect of infant gender on nursing dura- 
tion and interbirth interval. For the last two analyses, the 22 women 
who used birth control were excluded. We did not have an adequate 
sample of multiple observations per mother to incorporate a re- 
peated measures design into our study. When more than one obser- 
vation per subject was available, we used the first observation for 
which prospective data were available. 

The SAS lifetable analysis program (SAS Technical Report 
1988), utilizing product-limit estimates (Kaplan and Meier 1958), 
was used to compare the duration of nursing, likelihood of return 
of menses, months cycling prior to pregnancy, and likelihood of 
pregnancy, for mothers of male and female infants. Duration of 
nursing was used as a covariate in the latter three analyses. Life- 
table analysis allows comparison of probability distributions as 
for the likelihood that an event (i.e., pregnancy) will occur within 
a given time for different groups or conditions (Peto et al. 1977). 
It is particularly useful for analysis of data sets in which some 
of the time intervals are incomplete, or what in statistical literature 
are termed "censored", for example, for women who have not 
yet conceived at the time of the most recent follow-up. For statisti- 

Table 1. Characteristics of subjects O M o M o 
(mean/ + SE)~ Overall Mothers of Mothers of P 

(mean + SE) -(mean SE) sons daughters value 
(n = 57) (n = 27) (n = 30) 

Current age 27.47 +0.61 26.07 +0.79 28.73 +0.85 ns 
Age at marriage 22.56 +0.34 22.67 +0.45 22.47+ 0.50 ns 
Parity 2.03 0.24 1.33+ 0.28 2.67 + 0.36 ns 
Gravidity 2.19+0.26 1.37+0.29 2.93 +0.37 ns 

P values represent difference between mothers of sons and mothers of daughters compared 
by t-test (significance level = 0.05) 
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cal purposes, an observation was treated as a "censored" value 
in the analyses if pregnancy had not occurred by the time of the 
most recent follow-up. 

Results 

The overall sex ratio (M/M+F) of the 57 births was 
0.474 (27 male, 30 female infants), which was not signifi- 
cantly different from parity (95% confidence interval 
0.39-0.67) (Campbell 1989). There was a non-significant 
trend toward greater likelihood of using birth control 
following the birth of a daughter (50%) than a son 
(26%) (Fisher's exact test, 2-tailed P=0.10). 

Duration of nursing was a significant predictor of 
the length of intervals to return of menses and next posi- 
tive pregnancy test (P = 0.0002 and 0.0001, respectively). 
The mean interval from resumption of post-partum 
menses to a positive pregnancy test was significantly lon- 
ger among women who continued to nurse their infant 
after resumption of menses (4.9 +0.74 months) than 
among women who stopped nursing prior to resumption 
of menses (2.5 + 0.65 months) (log rank test, 2-tailed P = 
0.02) (Fig. 1). In addition, all 10 women who stopped 
nursing prior to resumption of menses became pregnant 
within 6 months, while only 15 of 23 women who contin- 
ued to nurse beyond resumption became pregnant dur- 
ing the next 6 months. 

The mean duration of breast-feeding in this sample 
was 10.3 +0.95 months. Female infants were nursed sig- 
nificantly longer than male infants (12.9+ 1.63 months 
vs. 8.3 + 0.92 months, respectively, P= 0.0097) (Fig. 2). 

The mean interval from birth to next positive preg- 
nancy test was 40% longer among mothers of daughters 
(14.4+1.4 months) than mothers of sons (10.3+0.93 
months) (Fig. 3). Longer intervals could result from lon- 
ger intervals from parturition to first menses and/or lon- 
ger intervals from first menses to next pregnancy. The 
mean intervals from birth to first menses were 9.4 + 1.32 
months following female births and 6.9 +0.75 months 
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Fig. 1. Months from resumption of menses to next pregnancy for 
women who stopped nursing before menses resumed (circles) and 
women who continued to nurse past resumption of menses (trian- 
gles). Proportion not yet pregnant is presented on a logarithmic 
scale. Log rank test, 2-tailed, P=0.02 
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Fig. 2. Age at weaning for male and female infants. Weaning is 
defined as the age at which all breastfeeding ceases. Proportion 
still nursing is presented on a logarithmic scale. Circles, mothers 
of male infants; triangles, mothers of female infants. The difference 
is singificant, P=0.0097 
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Fig. 3. Months to next pregnancy following birth of a male or 
female infant. Proportion not yet pregnant is presented on a loga- 
rithmic scale. Circles, mothers of male infants; triangles, mothers 
of female infants. The difference is significant, P= 0.026 

1 A1- 

0) 

o.- 

? 0.01 
o P=0.056 

0 
0 

0 l 
0 5 10 15 20 25 30 

infant age (months) 

Fig. 4. Months of post-partum amenorrhea following birth of a 
male or female infant. Proportion not yet menstruating is presented 
on a logarithmic scale. Circles, mothers of male infants; triangles, 
mothers of female infants. P= 0.056 
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following male births (P= 0.056) (Fig. 4). The intervals 
from first menses to next pregnancy were 5.0+1.06 
months following female births and 3.5 +0.51 months 
following male births (P= 0.20). 

Discussion 

Among Hutterites, duration of nursing was a significant 
predictor of length of post-partum amenorrhea and in- 
terbirth interval. Daughters were nursed longer than 
sons, and intervals to pregnancy were greater following 
the birth of a daughter than the birth of a son. These 
fertility differences resulted primarily from an extended 
period of lactational amenorrhea among mothers of 
daughters. Lactational amenorrhea may be mediated by 
frequency of nursing bouts, rather than overall daily 
suckling time, and continuation of night nursing is par- 
ticularly important (Short et al. 1984). While we do not 
have detailed data on nursing pattern for all subjects, 
detailed nursing data for a small subset of women indi- 
cate that Hutterite women continue to nurse their infants 
during the night, even after supplemental feeding has 
been initiated. Therefore, without detailed observations 
on rates of milk transfer and length of suckling bouts, 
we cannot rule out the possibility that daughters may 
be suckling less strongly and in fact may be gaining 
the same amount of benefit, in the form of milk, as sons. 

Based on lactational duration, we interpret our re- 
sults as evidence of a form of daughter-biased investment 
by Hutterite mothers. Daughter-biased investment may 
be even greater if a tendency toward greater likelihood 
of birth control use after the birth of daughters is con- 
firmed. 

Trivers and Willard (1973) proposed that, all other 
things being equal, mothers in good physical condition 
(i.e., mothers with surplus resources) should invest more 
in offspring of the sex whose reproductive success is 
more variable. According to this argument, the repro- 
ductive success of these "favored" offspring will be in- 
creased more by the care of the mother. Mothers in 
poor condition, in contrast, should invest in offspring 
of the "safer" sex because the success of these offspring 
will be less diminished by lower levels of input. 

Alternative theories of differential parental invest- 
ment focus on the extent to which sons or daughters 
compete or cooperate with their parents. Clark (1978), 
for example, suggested that mothers should invest more 
in those infants that will not compete with the mother 
later in life, which is often the dispersing sex. If, however, 
offspring of the non-dispersing sex assist or cooperate 
with the mother rather than compete with her, of if off- 
spring of only one sex help parents before dispersing, 
then the non-dispersing sex is the one toward which care 
should be biased (Gowaty and Lenartz 1985; Clutton- 
Brock and Iason 1986). This has been termed "local 
resource enhancement" by Gowaty and Lenartz (1985). 
Clutton-Brock and Iason (1986) suggested that greater 
investment should be given to the sex that helps, because 
the benefits to the parent will out-weigh the additional 
costs. 

We suggest that none of the formulations of sex- 
biased parental investment that are based on polygyny 
or resource competition are appropriate to the Hutter- 
ites. These formulations include the original Trivers-Wil- 
lard formulation, the modified one that was applied to 
cercopithecine primates with female dominance hierar- 
chies and male dispersal (Altmann 1980; Simpson et al. 
1981; Silk 1983; Gomendio et al. 1990), or that of local 
resource competition (Clark 1978). Rather, among the 
Hutterites, males and females have similar variance in 
reproductive success, and both resources and labor are 
shared equally. Sex-unbiased investment might, there- 
fore, be predicted. However, local resource enhance- 
ment, in the form of sex-biased helping behavior by off- 
spring, is the one feature that would predict biased in- 
vestment. 

Local resource enhancement is female-biased among 
Hutterites, because daughters and not sons traditionally 
assist their mothers with care of younger siblings, as 
well as with other household duties. This resource bene- 
fits the mother and may make daughters a valued asset. 
Increased investment in daughters, therefore, may repre- 
sent an increased investment in the sex that helps. A 
similar conclusion was reached by Fairbanks and 
McGuire (1985) in their study of captive vervet monkeys 
(Cercopithecus aethiops). They found that mothers inter- 
acted with daughters more frequently than with sons, 
and invested more resources in daughters than sons. 
Daughters in turn, supported and groomed their 
mothers more often than did sons, suggesting that a 
mutually beneficial relationship exists between mothers 
and daughters that differs from relationships between 
mothers and sons. 

Among Hutterites, the longer duration of nursing for 
daughters than for sons may simultaneously reflect 
mothers' past experience and promote future aid by 
daughters. The extent to which nursing duration func- 
tions as an aid-promoting mechanism would require in- 
vestigation. If longer nursing duration promotes in- 
creased mother-offspring attachment, female bias in 
such care may serve a role in promoting and perpetuat- 
ing the strong sex-segregation of the society: daughters' 
child-care roles will be reinforced and they will gain 
practice in mothering before they are themselves 
mothers, and sons will tend to slightly earlier indepen- 
dence from their mothers (see similar developmental ar- 
guments applied to ontogeny of sex differences in !Kung 
society; Konner 1976; Draper and Harpending 1987). 

Whether the observed patterns of sex-bias in one 
form of care and by one parent among the Hutterites 
indicates overall sex-biased investment sensu Trivers 
(1972) depends on a number of factors including the 
relationships among differing cost and benefit currencies 
such as energy and time, as indicated above. In addition, 
one would need to know the extent to which differential 
costs, entailed by the differential care, are balanced by 
subsequent assistance by daughters. Moreover, demon- 
stration of long-term sex-biased investment would fur- 
ther require evaluation of the benefits and costs of all 
other aspects of parental care. Correlations among 
forms of care would also need to be evaluated, as any 
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negative correlations among types of care might negate 
or reverse sex-bias in any single form of care. 

The ultimate benefits of longer nursing duration to 
Hutterite infants are unknown. The survival benefits of 
longer care may be negligible in the absence of environ- 
mental or nutritional stress. Nonetheless, when morbidi- 
ty or mortality are high in this same social system, bene- 
fits may correlate with amount of parental care, such 
as nursing duration. Historical origins, current pres- 
sures, and fluctuating conditions all affect observed be- 
havioral patterns and their interpretation. 
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