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In this paper, we examined both stated norms of sex preference and actual sex-biases in parental investment in a Tibetan pastoralist 
society. We collected detailed demographic data on infant mortality, infant feeding, the length of interbirth intervals, and a decision 
when giving gifts, to examine sex-biased parental investment. Our results indicate a mismatch between self-reported son preference 
and measures of actual parental investment that favor daughters. We interpret this female-biased parental investment as a possible 
response to daughters generating more economic resources. However, the stated sex preferences of both sexes reflect cultural norms 
that appear to have remained unchanged over a long period, which may reflect the importance of male roles in the past. Our behav-
ioral measures of parental investment are those most likely to be in the control of women (such as breastfeeding and interbirth inter-
val), so this mismatch between stated and actual investment may be especially true of women.

Key words:  inheritance system, mismatch, pastoralist, sex-preference, social norms.

INTRODUCTION
Patterns of  wealth inheritance and resource transfer associated 
with marriage are important determinants of  the parental invest-
ment received by each sex, especially in societies with bridewealth 
or dowry payment systems (Mace 2010). Behavioral variation can 
be understood as an adaptation to the local ecology, but several 
models suggest reliance on social learning can be slow to respond 
to rapid environmental change (Mesoudi et al. 2015). Cultural 
norms (in the sense of  the shared expectations and rules that 
guide the behavior of  people within social groups), by definition, 
tend to be considered invariant within the group (Henrich and 
Boyd 2001; Henrich and Broesch 2011). However, behavior that 
maximizes individual inclusive fitness may vary between individu-
als within one population, such as males and females, or older and 
younger generations (Micheletti et al. 2017). Here we use detailed 
demographic data from 5 villages in Amdo, China, to examine dif-
ferent measures of  parental investment that can reveal sex-biases 
in parental behavior. We measure sex-biased parental investment 
through the breast and bottle feeding of  infants, the length of  birth 
intervals and investments in others in their family in economic gift 
games. We show how sex-biased parental investment has changed 
over a period of  considerable upheaval, as government policy has 
altered who controls resources over the last 50 years (Gates 1993). 
We found that for most of  this period, behavioral measures indicate 

that daughters have been favored in Amdo Tibet, yet people report 
their stated preference to be in favor of  sons.

Individuals are predicted to prioritize care for descendants in 
ways that increase their own inclusive fitness (Hamilton 1964). The 
costs and benefits of  parental investment depend on the offsprings’ 
potential reproductive success based on that investment, be it care 
(Bereczkei and Dunbar 1997), or inherited resources (Hartung 
1976). While female-biased parental investment is recorded in 
many societies (Alexander RD 1974; Cronk 1989; Holden et al. 
2003; He et al. 2016), son-biased parental investment appears to be 
more common (Williamson 1976), and is certainly the more preva-
lent norm in China (Murphy et al. 2011). Son-biased investment is 
commonly found in patrilineal societies where marriage and mat-
ing are polygynous and where males generate or control resources 
(Hartung 1976; Mace 1996; Aitane 2009). In societies where males 
generally compete for females through wealth ownership, parents 
of  females can often demand a brideprice for their daughters. 
Where wealth inheritance is a more important determinant of  the 
reproductive success of  males than of  females, males can become 
the more costly sex in terms of  wealth transfers, whereas daughters 
can be profitable as a source of  brideprice. In monogamous societ-
ies, females often compete with each other for a wealthy husband, 
as all a husband’s resources pass to the offspring of  his only wife. 
Female competition in monogamous societies means that a desir-
able husband can demand the payment of  a dowry by the bride’s 
parents (Gaulin and Boster 1990); hence females can become the 
more costly sex to marry off. Among Tibetan groups in China, 
both monogamy, polygyny, dowry and brideprice are all observed, Address correspondence to R. Mace. E-mail: r.mace@ucl.ac.uk.
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with wealth transfers being an important factor affecting long-term 
fitness.

The “Trivers-Willard Hypothesis” (Trivers 1972) predicts that 
high-quality mothers are more likely to produce or rear sons when 
there is higher variance in reproductive potential for sons compared 
to daughters; whereas when mothers are of  low socioeconomic sta-
tus they do better to produce and rear daughters, who show less 
wealth-related variance in reproductive success. Whilst there is gen-
eral agreement that this theory predicts sex ratio at birth, its appli-
cation to parental investment after birth is now thought to be more 
context dependent (Veller et  al. 2016). However, several studies 
have shown that the birth order of  the offspring and socioeconomic 
status affects son-biased parental investment in different provinces 
in China (Banister 2004; Aitane 2009; Murphy et al. 2011). In the 
United States, by contrast, it has been shown that family status has 
no effect on the sex-biased investment (Keller et al. 2001). Female-
biased mortality is expected to increase in China after the imple-
mentation of  the family planning policy, as restricting births to one 
or a few children intensifies pressure for the one child to be of  the 
preferred sex, which is usually male (Edlund 1999).

Demographers have noted that sex-biased parental investment is 
also based on the potential benefits that parents are expecting to get 
from the offspring when in need (termed “local resource enhance-
ment” by Gowaty and Lennartz [1985]). For example, daughters 
might be favored in Tibetan societies (Childs et  al. 2011) and in 
other parts of  China (Zhan and Montgomery 2003) because they 
are more likely to provide both emotional and instrumental sup-
port for their parents in their later life. Daughters are thought to 
be favored by mothers in the US Hutterite society because they are 
more likely to help mothers in babysitting the younger offspring and 
to be useful in helping with daily household duties (Margulis et al. 
1993). Daughters can get more educational investment in Southeast 
Asian societies, because parents are more likely to get support from 
their daughters compared to their sons (Degraff and Bilsborrow 
1996; Anderson et  al. 2003), and daughters offer more help in 
looking after siblings in Hungarian gypsy populations (Dunbar 
2002). Mukogodo parents in Kenya breastfed daughters more and 
were more likely to take daughters to the clinic because they had 
higher reproductive success and brought more economic benefits 
to the family (Cronk 1993). Cronk describes that in India, ancient 
Germany, ancient Portugal and contemporary North America, 
there is also female-biased parental investment (Cronk 1991).

Breastfeeding duration can be one measure of  maternal invest-
ment (Oddy 2001). It is an obligate maternal investment behavior 
essential for child survival (Dewey 1998; Bezner Kerr et al. 2008). 
The amount of  nutritious support from the mother through breast-
feeding can ameliorate the negative effects of  poor socioeconomic 
status on children’s health (Sparks 2011). Early complementary feed-
ing can bring many side effects for child health, sometimes result-
ing in increased child mortality (Kalanda et al. 2006). Breastfeeding 
incurs the opportunity cost of  time and energy, so breastfeeding 
mothers are presented with the choice between providing resources 
for themselves and for their children (WHO 2003; Wilhelm et  al. 
2008). Birth intervals can be indicative of  sex-biased parental 
investment, if  mothers tend to postpone further reproduction after 
the birth of  a particular sex (Mace and Sear 1997; Crognier et al. 
2002; Mattison et al. 2015; Mattison et al. 2016; Veller et al. 2016).

Complementary feeding can be dangerous for infants because 
breast milk is more nutritious and reduces the chance of  disease 
(Martin et al. 2016); but bottle-feeding is very useful to help main-
tain a mother’s physical condition during a time of  high energy 

requirements (Kramer 2010; Martin et  al. 2016). However moth-
ers not only initiate bottlefeeding to less favored offspring, but they 
sometimes do so to feed big infants that require more nutritional 
resources (Margulis et  al. 1993; Mace and Sear 1997). Decisions 
about how long to breastfeed and when to initiate complementary 
feeding influence both the interbirth interval and the survival of  
children; thus, feeding strategies have a significant influence on 
reproductive success. Although the decision to have another baby 
or the degree of  investment in offspring comes from both the father 
and mother, weaning is mainly in the hands of  mothers (Mace 
and Sear 1997). The social and economic status of  a woman is an 
important factor which determines how much energy she is able 
to invest in production and reproduction (Hare 1999; Fujita et al. 
2012; Wander and Mattison 2013).

Before the communist regime in the 1950s, land and livestock 
were not distributed equally among households in Tibet, leading 
to wealth inequality. Wealth inequality results in more polygamous 
marriage and social hierarchy (Levine 2015). In Tibetan history, 
men played an important role as herders and warriors, especially 
when the social system was shaped by local warfare with neighbor-
ing villages and the raiding of  livestock (Huber 2012). Traditional 
nomadic lifestyles were highly mobile, less buffered from natural 
disasters (Yeh et  al. 2014) and prone to frequent conflicts at the 
borders of  their pastures (Yeh 2003). Male herders were key to 
safeguarding the family and family livestock, and supplemented 
the family income with raids on other groups. Traditional Tibetan 
herders, like many other pastoralist societies (Sieff et al. 1990; Mace 
1996), had a preference for sons (Levine 1987).

The last 70 years in China were characterized by many major 
political changes, shown below in Figure 1 (see the SI for details). 
These have influenced how resources are owned and inherited 
across generations, which has in turn influenced the roles of  male 
and female Tibetan herders. Major changes arose first from the 
general changes brought by the incoming communist regime 
when all production was communal and planned by the govern-
ment. Later, from the 1990s on, the land was semi-privatized and 
herders had the right to use their own land leased from the gov-
ernment; herding became a more individual/domestic activity. 
Both males and females gained the right to own and fence pri-
vate land. The involvement of  males in both warfare and herd-
ing diminished (Zhaoli et  al. 2005). Since 2000, all children in 
the Amdo area were required to attend school, and their future 
in herding is now uncertain (Sun 2000; Gelek 2006; Beimatsho 
2008). All these changes have effects on the local life and will 
further influence the biased parental investment and stated sex 
preferences.

Here, we investigate factors that affect real life sex-biased paren-
tal investment and stated sex preferences through the following 
questions: First, do mothers invest more in one or other sex by 
feeding them longer and longer birth intervals after they are born. 
Second, do changes over the last 50  years in access to resources, 
inheritance rules and sex roles influence sex-biased investment. 
Third, does sex-biased parental investment and/or stated sex pref-
erence differ across age groups or between parents of  different sex, 
and do the stated sex preferences reflect the sex-biases observed in 
parental investment.

METHODS
This study has approval from Lanzhou University (Life Sciences) 
and the Research Ethics Committee of  University College London.
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Study area

The field work took place between June–October 2014 and March–
December 2015. Detailed demographic data were collected in 
Maqu, located in the eastern part of  Tibetan plateau, which stands 
on the south-west part of  Gannan Tibetan autonomous prefecture, 
Gansu province, China. People in Maqu share a common culture 
and speak a distinctive dialect of  Tibetan (Levine 2014). Over 90% 
of  the population is Tibetan in our study site. Because of  limited 
education resources, most of  these Tibetans are herders, selling 
livestock as a main source of  income; some of  them also get gov-
ernment benefits as a supplementary income. The marital system 
used to include polygamy (both polygyny and polyandry) but now 
is predominately monogamy. In general, the local herders live at 2 
sites over the year: one summer site, which is in more remote high 
altitude areas where families live in yak hair tents, and another win-
ter site, which is more settled and easy to access from local towns 
and in which the houses are built of  mud or bricks (traditional 
herders moved to many more sites each year). The smallest herd-
ing group is called repkor (encampment) the composition of  which is 
largely shaped by ecological or kinship factors. The larger herding 
groups are called dewa (tribe) which are generally shaped by cultural 
relations with neighboring groups and states.

Demographic data

We collected demography data from 696 households in 5 villages 
through questionnaires with the help of  a local interpreter. Each 
adult man and woman were interviewed in separate spaces to avoid 
influence from each other.

Stated sex preferences

We asked each adult male and female to report their sex preference 
for offspring at the end of  the interview. Some refused to state a 
preference, but among 654 males and 759 females, 697 individuals 
(N = 330 males and 367 females) reported their sex preference for 
offspring (mean age = 40.76, SD = 13.29). Young people were less 
likely to report a preference, probably because they believed it an 
old fashioned idea to have any sex preference.

Child mortality

We asked women who had children about their birth history, includ-
ing those children who were born alive but died later. We also asked 
about the birth history of  their mothers, if  their mothers were dead 

or absent when we did our interview. 1448 women’s birth histories 
were used in the survival analysis (N  =  759 direct interviews and 
689 indirect interviews, where information was gathered from their 
children).

We presented data about the marital status to illustrate female 
economic independence, especially for women who stay single after 
divorce or being a single mother. Seven types of  marital status are 
included: single mother/father, monogamous marriage, married 
more than once, unmarried after divorce, unmarried widow/wid-
ower, polygynously married, and polyandrously married. All adults 
were asked about their marital status (N  =  654 males, N  =  759 
females). We categorized current marital status into single or mar-
ried in order to investigate whether women prefer to stay single 
more than men do (see Supplementary Figure 2).

Infant feeding

For the breastfeeding and bottle-feeding analyses, we interviewed 
women in our sample that had children after 1990 (N = 167), about 
the start and the end date of  breast and bottle feeding. Women 
who gave birth before 1990 have difficulty remembering the timing 
of  breastfeeding or bottle-feeding, so we excluded them from this 
analysis to avoid misreporting. We censored children who were still 
having breast milk at the time we conducted the research (N = 220 
male children and 191 female children included in the analysis) 
(Figure 4). We examined the end of  breastfeeding and the onset of  
bottlefeeding within the first 12 months since birth.

Gift game

We also played an individual gift game with both male and female 
herders to determine who they would like to give a small amount 
of  money to. By playing a gift giving game, we would like to reveal 
the social network between households and the different prefer-
ences between gift givers. After administering the questionnaire, all 
the participants are endowed with 15 yuan, in 5 yuan denomina-
tions (15 yuan equals approximately 1.8 GB pounds, with which 
it is possible to buy 4 or 5 500 ml bottles of  soft drinks). With 15 
yuan at their disposal, they were told they could give 5 yuan to up 
to 3 people they like. The restrictions were: 1) they cannot give it to 
anyone within the household, 2) they cannot give it to anyone out-
side the village, and 3) they cannot keep it themselves. The restric-
tion against giving to others within your own household meant that 
many parents could not give to their coresident children, but it will 

1950s

Timeline of major political changes

Communist
Regime

Collective
Commune

1. Household
Responsibility

2. Child-Policy

Land
Privatization

1. Sedentarization

2. Compulsory
    education

1960s 1980s 1990s 2000

Figure 1
Timeline of  the major political changes in the local area from 1950s until 2015 (see SI for details).
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not affect giving gifts to any children who have already set up their 
own family outside of  the natal house.

Statistics

We used cox regression survival analysis to compare the mortality 
rates for male and female children (Cox 1972). 1448 female birth 
histories were used in the analysis (which included N = 2414 male 
children and 2212 female children). Those who had had children 
after 1990 were asked about the duration of  breastfeeding and bot-
tlefeeding (N = 167 mothers, N = 220 male children and 191 female 
children). Sex differences in mortality before age 5 (Figure 3), the 
termination of  breast-feeding (Figure 4a) and the initiating of  bot-
tle-feeding (Figure  4b) were predicted by cox models, controlling 
for family wealth and parity. To examine the effects of  interbirth 
intervals on sex-biased parental investment, we used cox regression 
to look at first 3 births and hence the first 2 interbirth intervals. 
759 women’s birth histories were used in the cox regression model 
(N = 638 male children, N = 554 female children). We used the R 
package Mumin (Barton 2015) to compare models, including those 
with and without a sex by cohort interaction, in both the mortal-
ity analysis and interbirth interval analysis. The best model was 
selected based on the lowest Akaike’s Information Criterion.

RESULTS
Self-reported sex preferences

Self-reported data on the preferred sex of  offspring indicates that 
both men (Supplementary Figure  3) and women (Supplementary 
Figure 4) who report a preference prefer sons over daughters. Older 
people show a slightly weaker son preference, but otherwise there 
is little variation between different age groups and across different 
time periods (Figure  2). We performed logistic regression to look 
at whether wealth is associated with sex preference (Supplementary 
Table 1), controlling for the sex of  the reporters. There is no sig-
nificant difference between male and female stated sex preferences 
(OR = 0.90, 95% CI = 0.51–1.61, P = 0.73). The stated sex prefer-
ence is statistically different from age group < 29 to age group > 50, 
with elderly herders more likely to say they prefer daughters than 
do younger herders (OR = 2.27, 95% CI = 1.29–3.98, P = 0.004). 
Wealthy male reporters say they prefer sons more than do poor 
individuals, in line with predictions from the Trivers Willard 
hypothesis (OR  =  0.99, 95% CI  =  0.99–1.00, P  =  0.039). For 
female reporters, there is no effect of  wealth (number of  yaks) on 
son preference, and there is no difference between male and female 
reporters, signified by the nonsignificant interaction (OR  =  1.00, 
95% CI = 0.99–1.01, P = 0.733) (Supplementary Table 1).

Child mortality before age 5

We used all 1448 females’ complete birth histories to look at the 
mortality rate of  children before age 5: N = 251 male and N = 165 
female children were reported dead before age 5 (Figure  3a). 
Figure 3b shows how the survival rate for male and female children 
differs across different time periods. We conducted a mixed-effects 
cox model to analyze how ecological factors affect the mortality of  
children under age 5 controlling for children birth order, sex order, 
and mother’s age of  giving birth (Table 1). Mother’s ID is controlled 
as random effect in the cox mixed-effects model. Mother’s educa-
tion and distance to a local clinic do not differ between villages. 
Only 10 out of  1448 of  the women had had an official school edu-
cation. The villages are close to each other relative to the distance 

to the clinic, so the distance to the local clinic is the same between 
villages. The results in Table  1 show that, over the whole-time 
period, the mortality rate for male children exceeds that of  female 
children (HR  =  1.96, 95% CI  =  1.32–2.91, P  <  0.001). Survival 
rates in different time periods are shown in Table 1. Mothers age at 
the birth, cohort and offspring sex all influence mortality. A model 
including an interaction between cohort and sex did not improve 
the fit of  the model (see Supplementary Table 3).

Because nearly all the income of  this society is from herding, 
we consider the number of  yaks the most important measure 
of  economic status. There is no association between number 
of  yaks and overall child mortality (see Table  1). However, the 
sex of  children and the number of  yaks interact in line with the 
original formulation of  “Trivers-Willard hypothesis”: sons in a 
wealthy family are relatively more likely to survive than those 
in a poor family (HR = 0.99, 95% CI = 0.99–1.00, P = 0.04). 
Children who were born in the 1980–1989 cohort had signifi-
cantly higher mortality from the earlier pre-1980 period (see 
Table 1).

Infant feeding

The duration of  breastfeeding is recognized as a measure of  paren-
tal investment, especially in the first 12  months when an infant’s 
nutrition is largely from breast-feeding and when breast-feeding is 
crucial for the infants’ survival. 66 out of  220 male children and 
37 out of  191 female children had stopped breastfeeding before 
12 months (Figure 4a). The mean length for breastfeeding for female 
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children is 10.62 months and for male children is 9.36 months; Cox 
regression indicated this is a statistically significant sex difference 
(HR = 1.738, 95% CI = 1.162–2.599, P = 0.007).

Mothers initiate bottle-feeding as a way of  supplementing 
breast milk. 97 female children and 125 male children started 
bottle-feeding before 12 months (Figure 4b). The mean time for 
female children to start bottle-feeding is 7.12  months, and for 
male children is 5.98  months. Cox regression showed a small 
sex difference in the duration of  exclusive breastfeeding (i.e., 
the earlier introduction of  bottle feeding) (HR  =  1.212, 95% 
CI = 0.93–1.58, P = 0.156).

The length of the birth interval

The nationwide family planning policy was implemented in this 
area in the 1980s; from that time on, every family in this area 
was allowed no more than 3 children. Figure  5a shows the birth 
interval after a son was longer than after a daughter before 1970, 
but after 1970 the intervals became longer after a daughter. After 
2000, when the compulsory primary education was introduced, 
every family had to send school-age children to a local boarding 
school, and sex-biased parental investment seems to decline, at least 
in terms of  the interbirth intervals (Figure 5a). However, a model 
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including an interaction between cohort and sex did not improve 
the fit of  the model (see Supplementary Table 4). Over all the data, 
which covers the last 50 years, Figure 5b shows the length of  the 
IBI after having a son is significantly shorter than after having a 
daughter (Table 2), but we do not find any evidence for TWH for 
the birth interval analysis.

Table  2 shows that over the whole period up to 2010, inter-
birth intervals after a boy were significantly shorter than after a 
girl (rate of  birth HR = 1.25, 95% CI = 1.02–1.54, P = 0.03); the 
birth intervals across different time periods (cohort) and sex order 
(whether same sex as previous birth) are strongly associated with the 
length of  the birth interval. Other covariates included mother’s age 
of  giving birth and the number of  livestock. Birth intervals became 
shorter and shorter from the 1980s until after 2000, in which time 
period the compulsory education was implemented. Sex order indi-
cated a strong effect on the risk of  finishing reproduction, in that 
the length of  interbirth interval is reduced if  the second born is 
the same sex as the first one (HR  =  0.48, 95% CI  =  0.40–0.59, 
P  <  0.001), suggesting a preference for having children of  both 
sexes.

Gift decisions

We used a gift game to examine how gifts to direct kin (parents, 
sibling, offspring) depend on the sex of  the giver and the receiver. 
In the gift game, there are 150 male givers and 157 female giv-
ers giving gifts to direct kin. Table  3 shows that the sex of  the 
giver strongly determines which parent is given a gift: same-sex 
offspring give significantly more gifts to same-sex parents (chi 
square  =  12.14, P  <  0.001). This suggests that mothers may be 
correct in assuming that daughters are more likely to help support 
them in adulthood (whereas fathers may be more likely to get help 
from sons). Regarding offspring, mothers are more likely to give 
gifts to daughters than are fathers (chi square = 3.11, P = 0.08). 
As the mean age of  women who took part in the gift-giving game 
was 41.67, and because the restriction of  the game that givers 
are not allowed to give gifts to the individuals living in the same 
household, the possibility of  giving gifts to offspring was low for 
younger parents.

DISCUSSION
Levine (1987) reported that most Tibetan societies have son-biased 
parental investment. From our self-report data, male and female 
herders report this norm as their current preference. However, we 
find that this stated son preference did not reflect the behavioral 
measures taken by mothers to invest in their children over the last 
50 years.

The birth interval and mortality data both suggest that 1980–
1990 reflected a period of  increased mortality, followed by a steady 
decline in mortality. Birth rates sped up throughout this period. All 
our measures suggest mothers in our study area are generally invest-
ing more in daughters. Data on all births from the last 50  years 
suggested that daughters are generally more likely to survive than 
sons over their first 5 years. Feeding data shows that daughters were 
being breastfed for longer and sons were put onto milk substitutes 
earlier, indicating a female-biased parental investment in terms of  
nutrition decisions. The longitudinal data from children born in 
different age cohorts show that there is generally a longer interbirth 
interval after a daughter.

The marital status data suggested low levels of  polygamous mar-
riage in this pastoralist society, although polygamous mating oppor-
tunities are still present. There are significantly more female than 
male single parents (see Supplementary Figure 2), which we inter-
pret as demonstrating increased female economic independence, 
due to the relatively higher economic and labour contributions to 
the household from females (Gates 1993; Hare 1999). Gift giving 
decisions also suggested stronger investments in same-sex offspring, 
especially by females. As children get older, reciprocity may be at 
play, given that daughters were more likely to give gifts to their 
mother, and in Tibetan society daughters are generally more help-
ful in looking after elderly parents (Childs et al. 2011).

Policies over the last 50 years have had an impact on sex roles 
and rights that we believe influenced sex-biased investment. 
During the early stages of  the socialist regime, livestock was 
owned communally, individual decision-making was limited, and 
dowry and brideprice were not allowed as animals were not the 
property of  individuals. In the period of  collectives and com-
munes (see SI), resources were equally distributed, and the prop-
erty and food each family received were largely dependent on 
the number of  labourers in the household, so having a big fam-
ily ensured more income (Chen 2004). When wealth inequality 
was low, men did not have the same potential for polygyny. The 
new roles and high workloads women adopted within the fam-
ily diminished males’ contribution to the domestic economy. After 
1990, the privatization policy marked a major changing point in 
sex-biases in wealth. Shares of  the grassland were allocated to 
each household according to the number of  people in their fam-
ily and most plots were fenced. The land was given to families 
for 50 years of  use, although no system of  inheritance was made 
clear. Women were allowed to have their own portion of  land to 
use. When they married, women could take their own property 
with them in the form of  dowry. But because land is not moveable, 
women tended to rent their land back to their parents or siblings 
at their natal house, or she could use the land herself, especially 
when her husband’s land is not enough for their livestock. The 
restrictions on land use and the equal opportunity of  land inheri-
tance affected the sex-biased dispersal pattern at marriage, with 
women dispersing less. Currently, few individuals migrate into 
the county (8% male, 4% female are from outside of  the county) 
and there is little difference between the number of  males and 

Table 1
Mixed-effects Cox model of  mortality risk before age 5 
(dead = 1, alive = 0)

Variables HR (95% CI) P value

Fixed effects
Son (ref: Daughter) 1.96 (1.32–2.91) <0.001***
Mother age of  giving birth 0.24 (0.13, 0.46) <0.001***
Children birth year(ref<1980)
  1980–1989 1.92 (1.28, 2.88) 0.002**
  1990–2000 1.25 (0.82, 1.89) 0.29
  2001–2015 0.98 (0.64, 1.48) 0.91
Yak 1.00 (1.00, 1.00) 0.81
sex order (ref: 1st sex)
  2nd sex 1.01 (0.78, 1.32) 0.92
  3rd+ sex 1.16 (0.84, 1.59) 0.37
Son × Yak 0.99 (0.99, 1.00) 0.04*
Random effects Variance (SD)
Mother ID 0.759 (0.86)

N = 2456 children (N = 1293 male, N = 1163 female) are included in the 
dataset. Statistical significance indicates in bold, HR stands for Hazards 
Ratio, 95% CI indicates 95% Confidence intervals.
*P < 0.05, **P < 0.01, ***P < 0.001.
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females born in the village (see Supplementary Figure 1). Fencing 
practices, adopted in the 1990s, largely reduced the need for men 
to herd animals actively, which reduced male workloads; female 
workloads increased, however, as the distance to water often 
increased, and the necessity of  growing barley to feed animals 
also increased because pasture space after the introduction of  
fencing has shrunk and some animals were in danger of  malnutri-
tion (Yan et al. 2011). The shift towards higher female workloads 
was likely to underlie the increase in daughter-biased investment 

as daughters became more helpful at enhancing wealth and more 
likely to bring benefits to their mothers (Gowaty and Lennartz 
1985; Gates 1993; Margulis et al. 1993; Pirie 2005; Zhaoli et al. 
2005). Since the introduction of  the 9-year compulsory educa-
tion system, all children were sent to boarding schools after 2000, 
for the sake of  “Pastures to Grassland” (Yeh 2005). As these chil-
dren are likely to abandon herding in the future after education 
(Bessho 2015), there are no longer likely to be predictable differ-
ences between the sexes in terms of  potential on the job market.
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Figure 4
(a) Survival of  breastfeeding for children who have been breast fed before 12 months (b) Onset of  bottle feeding (shown as the survival rate of  exclusive 
breastfeeding) over 12 months. Sample only includes women who gave birth after 1990 (N = 167). The survival curve indicates the likelihood of  (a) still being 
breast fed and (b) starting to be bottle fed by mother before 12 months and 12 months respectively, for male and female children separately. The time was 
recorded based on days. The shaded bands represent 95% confidence intervals. The blue bands and dashed lines represent male children; the red bands and 
solid lines represent female children.
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Self-reporting is the general method of  measuring sex prefer-
ence used by demographers (Murphy et  al. 2011), which we also 
used here, and compare it with biodemographic data on mortality, 
parental investment and feeding. The majority of  the respondents 
reported that they preferred sons over daughters, so the self-report 
results on sex preference do not match the detailed data on sex-
biased parental investment, at least with respect to maternal invest-
ment. However one area where self-report matched investment 
was with respect to the interaction between wealth (in yaks) and 
son preference. Both mortality data and the stated preferences of  
males and females showed that wealthy families with many yaks 

stated a stronger preference for males and showed higher survival 
of  males relative to females than poorer families (in other words 
females were relatively more likely to survive and be preferred in 
poorer families).

The mismatch between daughter-biased maternal investment 
and stated son preference suggests individuals continue to report 
behavior as fitting longstanding social norms, which in this case is 
to prefer sons. Norms, generally defined as shared cultural prefer-
ences guiding the behavior of  group members, may be slower to 
change than the costs and benefits that have more immediate influ-
ences on actual behavior. In this case, male norms and behavior 
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Figure 5
(a) Interbirth intervals across different time periods in 2 sex groups. The red solid line represents interbirth intervals after a female child; the blue dashed line 
represents interbirth intervals after a male child. The shaded bands represent 95% confidence intervals. (b) The survival function of  the birth intervals for 
mothers after having a son (blue line) and after a daughter (red solid line) over the whole dataset.
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may not show this mismatch, as males are not involved in infant 
feeding decisions and in the gift game they favored male recipients, 
so it may only be females who stated norms that are not reflected in 
their behavior. Females may incur reputational costs if  they were to 
change their stated norms from deep-rooted cultural beliefs, or they 
may simply internalize those norms and give standard responses 
when asked. It should be noted that China has put out much propa-
ganda against having any sex preference since the implementation 
of  its one-child policy in the1980s, so that may also explain why a 
large proportion of  the sample did not want to state any preference. 
However, this is not the only case where stated sex preferences for 
males do not reflect behavior. Cronk (1993), who showed that the 
Kenyan Mukogodo favored daughters in their parental investment 
decisions, also comments on the fact that their stated preference 
was for sons. There are many examples in other domains showing 
that there is an inconsistency in individual’s actual behavior and 
their intention when reputation is at stake (e.g., some lab-based 
experiments showing that individuals show widely acknowledged 

“good characters” when they think that there were possible mating 
opportunities [Barclay 2010]). An example where most individuals’ 
documented behavior does not follow their reported preference is 
cases where stated fertility preference systematically exceeds actual 
family size (Cypriot et  al. 2010). Another example from Grosjean 
and Brooks (2017) indicates that historical regional differences in 
sex ratios still appear to influence attitudes today even generations 
after the imbalance in sex ratios had disappeared.

The evolutionary processes leading to the emergence of  cultural 
norms may generate some conflicts of  interest between individuals 
and their family or the wider group. For example, Micheletti et al. 
(2017) have shown, through models that maximize inclusive fitness, 
that there can be different interests in males and females and in the 
older generation and the younger generation, leading to possible 
parent-offspring and parent-parent conflict in favored behaviors. 
They show how the older generation is predicted to favor warlike 
behavior in young men, to protect the extended family, whereas 
younger generation males and females could benefit from less war-
fare and more from individualistic interests. It is possible that cul-
tural evolutionary processes generate stated norms (or ideals) that 
favor the group, or favor the more powerful members of  the group, 
but these do not necessarily reflect variations in individual behav-
ior, especially that of  less dominant members of  the group such as 
women. When answering a question on sex preference, both men 
and women may be reiterating long accepted cultural norms. But 
in day-to-day parental care, mothers appear to be responding to 
more immediate changes in individual costs and benefits that would 
benefit their own inclusive fitness.
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