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ABSTRACT
According to the logic of the Trivers–Willard hypothesis, in a human population,

if socioeconomic status is transmitted across generations to some extent, and if sons

of high-status parents tend to have higher reproductive success than daughters,

while daughters of low-status parents tend to have higher reproductive success than

sons, then we should expect that offspring sex ratio is positively associated with

socioeconomic status. This study examines whether the assumptions and prediction

of this hypothesis apply to a rural population in northern China. Results show

that (1) current family socioeconomic status is positively related to family head’s

father’s socioeconomic status in around 1950, (2) low-status family heads have more

grandchildren through their daughters than their sons, whereas high- or middle-

status family heads have more grandchildren through sons, and (3) as family heads’

status increases, they tend to produce a higher offspring sex ratio. Therefore, the

assumptions and prediction of the hypothesis are met in the study population.

These results are discussed in reference to past studies on sex ratio manipulation

among humans.
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INTRODUCTION
The Trivers–Willard hypothesis (TWH) (Trivers & Willard, 1973) predicts that for all

sexually reproducing species including humans, natural selection favors those parents

who bias the sex ratio of offspring produced according to their ability to invest in

offspring. More specifically, parents in good condition will produce relatively more sons,

whereas parents in poor condition will produce relatively more daughters. For humans,

the above-mentioned “condition” may be operationalized as socioeconomic status.

The original TWH prediction is with offspring sex ratio at birth, as implies that

some physiological mechanisms may adjust the sex ratio at conception or in utero.

Later Trivers (2002) realized that an extended TWH prediction regarding parental

sex preferences in humans was “perhaps the most striking advance” since Trivers &

Willard (1973). According to the extended prediction, high-status parents tend to prefer

sons to daughters, while low-status parents tend to prefer daughters. It follows that

parents may adjust offspring sex ratios by conscious behaviors such as sex-selective

abortion and differential treatment of sons and daughters. As both physiological
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mechanisms and behavioral mechanisms can influence offspring sex ratios, the ultimate

results will be that the offspring sex ratio will be higher for high-status parents, and lower

for low-status parents. It is this prediction regarding offspring sex ratio that we tested.

In their original paper, Trivers & Willard (1973) based the logic of the hypothesis

on three assumptions. For the sake of simplicity, the three assumptions can be reduced

to two, i.e., (a) the condition of parents during parental investment is positively correlated

to the condition of their offspring at adulthood, and (b) reproductive success is much

more strongly related to the condition of males than to that of females (i.e., good-

condition males tend to outproduce good-condition females, whereas poor-condition

females tend to outproduce poor-condition males). Obviously, a more direct result

following from the two assumptions is that sons of good-condition parents tend to

have better reproductive prospects than their sisters, while daughters of poor-condition

parents tend to have better reproductive prospects. Furthermore, in its generalized

form, the TWH is sometimes stated as that natural selection should favor parents

who bias offspring sex ratio toward the sex with better reproductive prospects

(Schindler et al., 2015).

Studies show that the first assumption of the TWH holds in a variety of non-human

species (Hewison & Gaillard, 1999) as well as in humans (Erikson & Goldthorpe, 1992;

Lin & Bian, 1991). Clutton-Brock, Albon & Guinness (1986)’s study of red deer is perhaps

the only study that tests and confirms the applicability of the second TWH assumption

in an animal species. As for humans, the second assumption should be valid in both

traditional and contemporary societies, as the reproductive success of high-status men

exceeds that of high-status women, while low-status women outproduce low-status men

(Betzig, 2012; Hopcroft & Martin, 2014, 2016). Moreover, Bereczkei & Dunbar (1997)

discovered that Hungarian Gypsies who had a lower status than Hungarians had more

grandchildren through their daughters, but this difference was marginal and inconsistent

in Hungarians. Since this finding is a logical result of the two assumptions of the

TWH, their study actually is also a test of the assumptions in that study population.

Many studies reported that empirical tests of the TWH prediction regarding offspring

sex ratio produced inconclusive results. However, according to a meta-analysis by

Cameron (2004), mammalian sex-ratio studies that used measures of maternal condition

around conception provide almost unanimous support for the prediction that good-

condition mothers are more likely to give birth to sons than daughters. Because sex-ratio

adjustment may take place around conception, condition around conception seems to

be a more appropriate predictor of sex ratio.

As for humans, many studies in both historical and contemporary societies have

documented adaptive variation in offspring sex ratio in line with the TWH. These studies

used different measures of parental or maternal condition. These measures include

ethnicity (Bereczkei & Dunbar, 1997), specialized socioeconomic index developed by

American sociologists (Hopcroft, 2005; Hopcroft & Martin, 2014), and ownership of

dwelling (Wallner, Fieder & Seidler, 2012), for indicating overall socioeconomic status;

nutritional status (Gibson & Mace, 2003); third-party-reported overall socioeconomic

status (Luo, Zhao & Weng, 2016); and wife rank in polygynous marriage for indicating
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economic resources (Pollet et al., 2009). In contrast, some other studies only found weak

support for the TWH (Chacon-Puignau & Jaffe, 1996) or even no support (Zaldivar,

Lizarralde & Beckerman, 1991; Kolk & Schnettler, 2016). In Zaldivar, Lizarralde &

Beckerman (1991), family size and birth order were assumed to affect parental condition

in some way, and thus were used to predict offspring sex ratio. Chacon-Puignau &

Jaffe (1996) and Kolk & Schnettler (2016) used a variety of socioeconomic indicators such

as parental education and income for measuring parental condition. As in non-human

mammals (Cameron, 2004), better measures of maternal or parental condition might have

shown stronger Trivers–Willard effects on offspring sex ratios (Cronk, 2007; Hopcroft &

Martin, 2014). Besides, since the TWH relies on differentiation on a socioeconomic

scale (Trivers & Willard, 1973), smaller socioeconomic inequalities in a study population

means a smaller Trivers–Willard effect. Then the effect might be difficult to visualize, as in

the case of Kolk & Schnettler (2016). This is somewhat like that we cannot see microbes

with the naked eye. Finally, compared to historical studies and small-scale studies in

contemporary societies, large-scale studies in contemporary societies are less likely to

detect a Trivers–Willard effect (Cronk, 2007). In this article, large-scale studies mainly

refer to those which have a large sample from a national population, while small-scale

studies have a relatively small sample from some local population.

The current study tested the TWH using data collected in a contemporary Chinese

rural population. First, we tested whether the first assumption of the TWH, relatively

stable intergenerational transmission of socioeconomic status, held in the Chinese

peasants. Specifically, we examined whether peasant family heads’ socioeconomic status

was correlated with their fathers’ socioeconomic status in around 1950. The second

TWH assumption, i.e., socioeconomic status affects reproductive success of males

more than that of females, is unable to be tested directly by our data. Instead, we then

examined whether the logical result (that sons of high-status parents tend to have

higher reproductive success than daughters) applied to the peasants. Finally, we tested

whether high-status peasants were more likely to have sons among their offspring, while

low-status peasants were more likely to have daughters.

METHODS
This study was approved by the Ethics Committee of the School of Sociology and Social

Work, Central China Normal University (Approval number: 2016001). Participants

(informants) gave oral informed consent to take part in the study. The data were analyzed

anonymously.

Data collection
This study involved 12 neighboring villages in Shenqiu County, eastern Henan Province,

and northern China. In each village, we mainly relied on two informants to obtain

information about each family. One informant was a current village head or accountant

in his forties or fifties, while the other was a retired village head or accountant in

his sixties. They were paid, beforehand, around 30 US dollars as reward. Then

they informed us of each family head’s education level, family socioeconomic status,
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father’s previous family class identity, and number of sons, daughters, sons’ offspring,

and daughters’ offspring. The informants had lived there for decades and were well

familiar with local families. In most cases, both informants in each village agreed on the

personal data of family heads. In other cases, we allowed them to discuss for a while

freely to settle the disagreement. We finally obtained information about 1,416 family

heads.

Our data collection method is similar to that adopted by the American anthropologist

Wolf (1995) in collecting data about Taiwanese women’s extramarital relations in

1967–1968 and 1971–1972.

Coding of variables
The above-mentioned “family class identity” was assigned by the Chinese Communist

Party to each rural family in around 1950 on the basis of economic status. Inheritable

through the male line, it consisted of seven categories: landlord, rich peasant, upper

middle peasant, middle middle peasant, lower middle peasant, poor peasant, and landless

laborer. Family class identities represented the overall sociopolitical and economic

hierarchy in rural China before 1950, with landlords and rich peasants at the top rung

(Deng & Treiman, 1997; Sato & Li, 2008). In our pilot fieldwork, we noticed that

some informants did not distinguish between different middle peasant identities and

between poor peasant and landless laborer. Hence, in our formal interview, we only

required that the informants report one of the following four class identities of each family

head: poor peasant/landless laborer, middle peasant, rich peasant, and landlord, which

were encoded as 1, 2, 3, and 4, respectively.

We calculated the sex ratio of all children per family head as follows: number of sons

divided by number of all children. Socioeconomic status of a family head was encoded as

1 if he/she has a low socioeconomic status in the local population, as 2 if he/she has amiddle

socioeconomic status in the population, and as 3 if from a high socioeconomic status.

By subtracting each family head’s number of daughters’ children from number of

sons’ children, we obtained a new variable named as number of sons’ children_minus_

number of daughters’ children.

Sex of a family head was measured as male = 1 and female = 0, while age of a family

head was coded as age in years.

Data analysis
In testing whether there were relatively stable intergenerational transfers of socioeconomic

status, that is, the first TWH assumption, we used each family head’s current family

socioeconomic status as dependent variable. The explaining variables were those

characteristics of a family head. They included family head’s sex, age, years of education,

number of offspring, and father’s previous class identity. As the dependent variable was

an ordinal variable and the data did not meet the proportional odds assumption for

performing an ordered logit regression, we performed an ordered probit analysis.

The data regarding grandchildren did not conform to a normal distribution. Thus,

to examine whether family heads tended to have more grandchildren through their sons
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as socioeconomic status rose, we conducted Wilcoxon signed ranks tests, a kind of

nonparametric test, to compare sons’ children and daughters’ children by family heads’

socioeconomic status. Also, we performed an ordered probit regression of the variable

number of sons’ children_minus_number of daughters’ children (the proportional odds

assumption was not met). The independent variables characteristics of a family head

included family head’s sex, age, years of education, number of offspring, family

socioeconomic status, and father’s previous class identity.

The primary purpose of this study is to test the TWH prediction that high-status

parents have more sons among their offspring. First, we assumed that older or lower-

education peasants tended to be influenced by traditional son-preference culture

(Li & Cooney, 1993) to a larger extent, and that they were more likely to abort a female

fetus or abuse their young daughters. Thus, they were expected to have a higher offspring

sex ratio. Second, because number of offspring usually was negatively associated with

offspring sex ratio in human populations (Mace & Jordan, 2005), we assumed that there

was also such an association in the study population. Finally, we expected that there was a

positive association between family head’s family socioeconomic status/father’s class

identity and offspring sex ratio, as this was found in another rural Chinese population

(Luo, Zhao & Weng, 2016). Therefore, we used each family head’s offspring sex ratio as

dependent variable, and family head’s age, years of education, number of offspring, family

socioeconomic status, father’s previous class identity, and sex, as independent variables.

Because the data did not meet the linearity assumption as well as the proportional odds

assumption, we used each family head’s offspring sex ratio as an ordinal variable and

performed an ordered probit regression of this variable. We also performed ordered probit

regressions of family head’s offspring sex ratio for the separate parity levels ranging from

parity 1 to parity 6. In this case, the variable number of offspring was removed from the

probit model.

Before each probit regression analysis mentioned above, we also conducted an ordinary

least squares regression using the same dependent and independent variables to

examine values of tolerances. These tolerance values can be used to detect potential

multicollinearity in a logistic or probit regression model (Menard, 2002). In fact,

multicollinearity was not an issue in this study.

Along with each probit regression analysis, we also performed an ordinal logit

regression using the same variables. The logit models showed essentially the same results

(specific analysis results will not be reported below).

All statistical analyses were conducted using Stata 12.0.

RESULTS
Table 1 below gives descriptive statistics for the variables used in the analyses.

In the family heads, there were 1,267 males and 149 females. The number of family

heads with a low, middle, and high family socioeconomic status were 137, 988, and 291,

respectively. The number of family heads whose father’s former class identity was poor

peasants/landless laborer, middle peasant, rich peasant, or landlord were 1,274, 33, 57,

and 52, respectively.
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Were there intergenerational transfers of socioeconomic status?
The ordered probit model (Table 2) showed that there was a significantly positive relation

between a family head’s father’s socioeconomic status in around 1950 (measured as

father’s former class identity) and the family head’s current family socioeconomic

status. The effect size for father’s former class identity in predicting current family

socioeconomic status (Spearman rank correlation coefficient rs) is 0.067 (n = 1,416,

p = 0.011). The results mean that socioeconomic status did transfer across generations

to some extent in the past decades. Therefore, the first TWH assumption is met.

Did low-status family heads have more grandchildren through their
daughters than their sons, whereas high-status family heads show
the opposite pattern?
The data showed that in general, as family socioeconomic status declined, family heads

tended to leave more grandchildren through their daughters than their sons (Fig. 1),

consistent with the inference directly from the two TWH assumptions. We obtained the

information about sons’ children of 137 low-status, 988 middle-status, and 290 high-

status family heads, and the mean number of sons’ children for them were 1.07, 1.85,

and 1.74, respectively. In contrast, for the 137 low-status, 982 middle-status, and 288

high-status family heads from whom we had data about daughters’ offspring, the mean

number of daughters’ children were 1.68, 1.39, and 1.30, respectively. On average, low-

status family heads left more grandchildren through their daughters (Wilcoxon signed

ranks test, p = 0.005), whereas both middle-status and high-status family heads left more

grandchildren through their sons (Wilcoxon signed ranks tests, p = 0.000 and p = 0.001).

The probit model (Table 3) showed that family head’s family socioeconomic status was

positively correlated with the variable number of sons’ children_minus_number of

daughters’ children when other variables such as family head’s age were controlled, that is,

a higher status meant a larger excess of sons’ children over daughters’ children.

The effect size (Spearman rs) between family socioeconomic status and number of sons’

children_minus_number of daughters’ children is 0.069 (n = 1,407, p = 0.009).

Table 1 Descriptive statistics for family heads.

Variable Mean SD Min Max

Sex (male = 1, n = 1,416) 0.89 0.31 0 1

Age (n = 1,416) 57.95 11.71 27 97

Years of education (n = 1,416) 6.03 2.45 0.00 16.00

Number of offspring (n = 1,416) 2.50 1.05 0.00 6

Current family socioeconomic status (n = 1,416) 2.11 0.54 1 3

Father’s former class identity (n = 1,416) 1.21 0.69 1 4

Offspring sex ratio (n = 1,369) 0.59 0.28 0.00 1.00

Number of sons’ children (n = 1,415) 1.75 2.03 0.00 14

Number of daughters’ children (n = 1,407) 1.40 1.90 0 14

Number of grandchildren (n = 1,407) 3.15 3.05 0 16
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Table 2 Ordered probit parameter estimates, regression of each family head’s family socioeconomic

status on independent variables.

Independent variables Coef. SE p 95% Conf.

Lower limit Upper limit

Sex (male = 1) 0.067 0.107 0.534 -0.144 0.277

Age -0.009 0.003 0.013 -0.016 -0.002
Years of education 0.126 0.016 0.000 0.095 0.157

Number of offspring 0.220 0.034 0.000 0.153 0.288

Father’s former class identity 0.107 0.047 0.024 0.014 0.199

Figure 1 Number of sons’ children and daughters’ children by family socioeconomic status, showing

mean ± 1 SE.

Table 3 Ordered probit parameter estimates, regression of each family head’s number of sons’

children_minus_number of daughters’ children on independent variables.

Independent variables Coef. SE p 95% Conf.

Lower limit Upper limit

Sex (male = 1) 0.136 0.092 0.139 -0.044 0.315

Age 0.019 0.003 0.000 0.013 0.025

Years of education -0.037 0.013 0.006 -0.063 -0.011
Number of offspring -0.200 0.030 0.000 -0.259 -0.141
Father’s former class identity 0.001 0.040 0.988 -0.077 0.079

Family socioeconomic status 0.283 0.053 0.000 0.179 0.387
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Was family socioeconomic status positively correlated with
offspring sex ratio?
For the 1,369 family heads who had children, the maximum number of offspring was six,

and the overall mean offspring sex ratio was 0.586. For 104 low-status, 974 middle-status,

and 291 high-status family heads, the mean offspring sex ratios were 0.444 (SD = 0.312),

0.589 (SD = 0.278), and 0.624 (SD = 0.261), respectively (Fig. 2). For the six groups within

which a family head had 1, 2, 3, 4, 5, or 6 children, the general pattern that status was

positively associated with offspring sex ratio was still there (Fig. 3). Low-status family

heads had the least offspring sex ratios in all the six groups, while in four out of the six

groups, high-status family heads had the highest sex ratios.

Furthermore, the pattern was confirmed by the ordered probit model that controlled

such variables as family head’s age and years of education (Table 4). The model also

showed that as a family head’s number of children increased, the offspring sex ratio

tended to decline. In all the 6 probit models for the separate parity levels (Table 5),

the coefficients of the variable family socioeconomic status were positive. If the

significance level was set at 0.10, then only the coefficient of family socioeconomic status

in the model at parity 6 would not be statistically significant. But in this model, the

number of family heads was only 23. For more complete results of the 6 probit models,

see Supplemental Information.

The effect size (Spearman rs) for current family socioeconomic status in predicting

offspring sex ratio is 0.113 (n = 1,369, p = 0.000).

Figure 2 Offspring sex ratio by family socioeconomic status, showing mean ± 1 SE.
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Figure 3 Offspring sex ratio by number of children for family heads with low, middle, or high family

socioeconomic status, showing mean ± 1 SE.

Table 4 Ordered probit parameter estimates, regression of each family head’s offspring sex ratio on

independent variables.

Independent variables Coef. SE p 95% Conf.

Lower limit Upper limit

Sex (male = 1) 0.122 0.095 0.202 -0.065 0.309

Age 0.017 0.003 0.000 0.011 0.024

Years of education -0.025 0.014 0.086 -0.053 0.003

Number of offspring -0.438 0.036 0.000 -0.510 -0.367
Father’s former class identity -0.003 0.042 0.948 -0.085 0.079

Family socioeconomic status 0.328 0.057 0.000 0.216 0.440

Table 5 Ordered probit parameter estimates for separate parity levels, regressions of each family

head’s offspring sex ratio on independent variables.

Parity level Coef. of family socioeconomic status SE p Pseudo R2

Parity 1 (n = 71) 1.314 0.433 0.002 0.181

Parity 2 (n = 713) 0.267 0.093 0.004 0.013

Parity 3 (n = 390) 0.215 0.115 0.062 0.034

Parity 4 (n = 130) 0.355 0.179 0.047 0.096

Parity 5 (n = 42) 0.616 0.348 0.077 0.055

Parity 6 (n = 23) 0.101 0.405 0.803 0.023
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DISCUSSION AND CONCLUSION
Our study discovers that current family socioeconomic status is positively associated

with family head’s father’s socioeconomic status in around 1950 in a Chinese rural

population. This conforms to the first TWH assumption in humans; that is, there are

relatively stable transfers of socioeconomic status across generations. This is not a

surprising finding at all. First, there has been widespread evidence that intergenerational

transfers of socioeconomic status to some degree is a normal situation in both developed

and developing countries (Breen & Jonsson, 2005; Erikson & Goldthorpe, 1992; Lin &

Bian, 1991). Second, a similar intergenerational transmission process took place in

Hungary. Similar to China, Hungary experienced the communist takeover in 1949 and

the collectivization of agriculture in the 1950s. However, the new peasant entrepreneurs

in the early 1980s emerging during market reform tended to be the descendants of

those middle and wealthy peasant families before 1949 (Szelényi, 1988). Third, similar

studies in rural China on the effect of father’s previous class identity found positive

intergenerational correlations of education, family wealth, or overall family

socioeconomic status (Luo, Zhao & Weng, 2016; Sato & Li, 2008, 2013).

We have also shown that low-status family heads have more grandchildren through

their daughters than their sons, whereas high- or middle-status family heads show the

opposite pattern. Since this finding is generally consistent with the direct inference

following from the TWH assumptions, it confirms the applicability of the assumptions

in the study population. We cannot imagine what other conditions could have led to

this result. As the TWH assumptions are met, it is a matter of course that we find what

the TWH predicts: as family heads’ status declines, they tend to produce a lower offspring

sex ratio. The present study adds to an earlier study by Luo, Zhao & Weng (2016)

which also provides support for the TWH in a contemporary rural Chinese context.

In addition, both studies discover a significantly inverse relationship between offspring

sex ratio and parity, as is consistent with past findings (Chahnazarian, 1988; Lazarus,

2002). That sex ratio tends to decrease as parity increases should be a general pattern

in human populations, as a cross-country comparative study by Mace & Jordan (2005)

discovered that sex ratio at birth was negatively correlated with fertility rates.

Luo, Zhao & Weng (2016) conducted their study in Shaodong County, Hunan

Province (another province of China). It is well known that east coast and big and

middle-size cities in China are economically most developed, and a county in China only

includes small towns and rural areas within its territory. The gross domestic product

(GDP) per capita in Shaodong in 2014 is about 4,500 US dollars by the present USD

to RMB exchange rate (Bureau of Statistics of Hunan Province, 2015). Shaodong should

probably be counted as an economically moderately developed county in China. In

contrast, Shenqiu County of Henan Province, where the current study was conducted,

is a National-Level Poor County designated by the Chinese government, meaning

that this county is one of the poorest counties in China. In fact, according to the

Bureau of Statistics of Henan Province (2015), the GDP per capita in Shenqiu in 2014 is

around 3,100 US dollars.
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Although both provinces of Hunan and Henan are sometimes considered a part of

central China, central China is almost a pure geographical concept. In contrast, the

concepts of northern and southern China are often used to indicate two regions very

different from each other in geography, culture, and physical traits. The geographical

dividing line between northern and southern China is usually thought to be the

Yangtze River (Talhelm et al., 2014) or the Huai River–Qin Mountains Line (Fairbank &

Reischauer, 1989) to the north of the Yangtze River. No matter which line is applied,

undoubtedly Shenqiu of Henan belongs to northern China and Shaodong of Hunan is in

southern China. The weather in the south is more suitable for rice cultivation, while other

grains such as wheat are more suitable in the north. Accordingly, usually Northerners

prefer wheat-based food to rice-based food, while Southerners prefer rice-based food.

All these apply to Shenqiu as a northern county and Shaodong as a southern county.

Northerners usually are thought to be physically stronger and taller. In fact, studies

(Zhang & Huang, 1988; Morgan, 2000) showed that northern children were heavier and

taller than their southern peers. Researchers attributed height difference between

Northerners and Southerners to genetic as well as non-genetic factors such as diet and

climate (Morgan, 2000), but it seems that a definite, well-accepted explanation is still

needed. Also, another study (Talhelm et al., 2014) reported that Southerners were more

interdependent and holistic-thinking than Northerners. We cannot see any reasonable

grounds that the general pattern does not hold for Shenqiu and Shaodong. To conclude,

thus far, we have shown that although the two populations in Shaodong and Shenqiu

are very different in economic development, culture, and physical traits, the TWH

prediction applies to both of them.

Luo, Zhao & Weng (2016) found that even low-status peasants in Shaodong had

more sons than daughters among their offspring absolutely, whereas this study shows

that low-status peasants in Shenqiu havemore daughters than sons. It is probable that this

difference is mainly due to the fact that Shenqiu is among the poorest counties in China.

Social scientists (Li & Cooney, 1993) often assert that the Chinese as a whole have a deep-

rooted, prevalent cultural norm of son preference, further resulting in a severe shortage of

girls, while neglecting the internal differentiation associated with socioeconomic status.

Therefore, our finding that low-status peasants in one of the poorest regions have

more daughters among their offspring seems to show that an evolutionary perspective

can bring important insights for traditional social science studies.

Luo, Zhao & Weng (2016) also found that both current family socioeconomic status

and father’s former class identity could predict offspring sex ratio, but in this study only

current family socioeconomic status has the predictive power. Perhaps an important

reason for this difference is that some family heads whose father’s class identity is

categorized as something other than poor peasant/landless laborer and who have relatively

high offspring sex ratios have moved out to other places such as cities. Another possibility

is that the numbers of family heads whose father’s class identity is middle peasant,

rich peasant or landlord are very small in this sample.

The TWH represents an evolutionary or ultimate explanation for sex ratio adjustment

in relation to parental conditions, but the proximate or mechanistic reasons for the
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adjustment is in controversy. As far as this study is concerned, some possible physiological

mechanism for the adjustment may be related to physiological or psychological stress.

Previous studies (Bruckner, Catalano & Ahern, 2010; Ruckstuhl et al., 2010; Catalano,

Yorifuji & Kawachi, 2013) discovered that short-term stress was related to low offspring sex

ratios. In our case, a lower socioeconomic status and corresponding poor living condition

might induce stress reactions more frequently, further leading to a lower offspring sex

ratio at birth. In addition, former studies regarding the TWH (Cronk, 1989; Dickemann,

1979) demonstrated that sometimes behavioral mechanisms were an important reason for

sex-ratio bias. This should also apply to the population we studied. Researchers often

attributed the high sex ratios observed in China in the past decades to traditional son-

preference culture and the consequent sex-selective abortion (Ebenstein, 2010) and

differential mortality rates (Coale & Banister, 1994). When the logic of the TWH is applied

to peasants in Shenqiu, we predict that high- andmiddle-status peasants are more likely to

have a son preference and thus to abort a female fetus or abuse or even discard daughters.

To sum up, the biased sex ratios reported by us are possibly due to some combination of

physiological and behavioral mechanisms. But we need evidence to confirm this.

From an evolutionary perspective, if the TWH assumptions are met in a population,

it is almost unimaginable that the Trivers–Willard effect will not take place. Yet the size

of the Trivers–Willard effect is usually thought to be small (Cronk, 2007). This is not

surprising, because the world of life seems often, compared to the physical world, to be

influenced by many more factors. In our opinion, there are two cases in which the Trivers–

Willard effect may be too small to be detected. The first case is involved with small

social inequalities. A prerequisite of the TWH is differentiation on socioeconomic status

to some extent. If social inequalities in a population are small, then the Trivers–Willard

effect probably will be a really very small effect that is difficult to detect. The second case

is with the complication of social stratification in industrial societies (Lenski, Nolan &

Lenski, 1995; Kerbo, 2009). In this case, when a whole national population is assumed to be

a population in a biological sense, we often can only expect very small Trivers–Willard

effects, as some researchers (Gelman & Carlin, 2014) did. Consider a national society

that comprises many strata based on differentiated occupation, income, prestige, etc. If

marriages and social behaviors take place mainly within each stratum, social class, or

ethnic group living in a region, perhaps we had better regard this national society as a

medley of populations, rather than a population in a biological sense. In fact, studies

show that people do tend to marry within their social group (Kalmijn, 1998). Nonetheless,

the TWH was conceived by Trivers & Willard (1973) to apply to a single population.

Even though such a national society can be roughly regarded as a biological population,

the applicability of the TWH in it may be somewhat discounted and requires more

accurate measurement. Understanding this may help us further understand why studies

failing to provide good support for the TWH seem to tend to be those large-scale studies

in industrial national societies (Keller, Nesse & Hofferth, 2001; Koziel & Ulijaszek, 2001).

That the whole population in a modern nation sometimes should not be regarded as a

population in a biological sense seems to have implications for evolutionary social sciences

in general, as evolutionary reasoning often only applies to a biological population.
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There are some potential limitations to this study. First, we relied on interviewees’

subjective evaluation to gauge peasants’ family socioeconomic status. If we had found

some objective, reliable measure of status, we could have better assessed the validity of the

interviewees’ opinions. We once planned to use self-reported income for measuring

peasants’ economic status. But later we found that peasants had difficulty reporting

accurate income, because they have multiple income sources and they may sell products

several times in a year. Also, we once planned to use housing conditions for measuring

socioeconomic status, but housing conditions seem to be difficult to quantify. Second,

when examining the relationships between socioeconomic status around the period of

parental investment and reproduction, this study and some other studies (Hopcroft &

Martin, 2014; Nettle & Pollet, 2008;Wallner, Fieder & Seidler, 2012) used current status or

status at a certain point in time to make an estimate. This should not be a big issue,

because there seems no good reasons to expect that the status of many individuals in such

a population as we studied had been changed suddenly in their lifetime. On the other

hand, we found in our preliminary fieldwork that reported status during parental

investment was vulnerable to recall bias. Third, the interviewees might forget to report

some births for some reason, and thus the real sex ratios might be somewhat distorted.

In view of the interviewees’ close familiarity with local residents and the large sample

size of this study, however, it is difficult to see how this could have modified the pattern

of biased sex ratios we report.

ACKNOWLEDGEMENTS
We would like to thank Tangmei Weng for her assistance in data collection. We also thank

Rebecca Sear and the two reviewers (Sarah Myers and another anonymous reviewer)

for their helpful comments.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This work was supported by the National Social Science Foundation of China

(No. 16BSH002). The funders had no role in study design, data collection and analysis,

decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:

National Social Science Foundation of China: 16BSH002.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� Liqun Luo conceived and designed the experiments, analyzed the data, contributed

reagents/materials/analysis tools, wrote the paper, prepared figures and/or tables,

reviewed drafts of the paper.

Luo et al. (2017), PeerJ, DOI 10.7717/peerj.3546 13/17

http://dx.doi.org/10.7717/peerj.3546
https://peerj.com/


� Rui Ding conceived and designed the experiments, performed the experiments,

contributed reagents/materials/analysis tools, wrote the paper, prepared figures and/or

tables, reviewed drafts of the paper.

� Xiali Gao performed the experiments, analyzed the data, wrote the paper, prepared

figures and/or tables, reviewed drafts of the paper.

� Jingjing Sun performed the experiments, wrote the paper.

� Wei Zhao performed the experiments, wrote the paper.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body

and any reference numbers):

This study was approved by the Ethics Committee of the School of Sociology and Social

Work, Central China Normal University (Approval number: 2016001).

Data Availability
The following information was supplied regarding data availability:

Luo, Liqun (2017): TWH HENAN DATA. figshare.

https://doi.org/10.6084/m9.figshare.4977635.v1

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/

10.7717/peerj.3546#supplemental-information.

REFERENCES
Bereczkei T, Dunbar RIM. 1997. Female-biased reproductive strategies in a Hungarian Gypsy

population. Proceedings of the Royal Society B: Biological Science 264:17–22

DOI 10.1098/rspb.1997.000.

Betzig L. 2012. Means, variances, and ranges in reproductive success: comparative evidence.

Evolution and Human Behavior 33:309–317 DOI 10.1016/j.evolhumbehav.2011.10.008.

Breen R, Jonsson JO. 2005. Inequality of opportunity in comparative perspective: recent research

on educational attainment and social mobility. Annual Review of Sociology 31:223–243

DOI 10.1146/annurev.soc.31.041304.122232.

Bruckner T, Catalano R, Ahern J. 2010. Male fetal loss in the U.S. following the

terrorist attacks of September 11, 2001. BMC Public Health 10:273

DOI 10.1186/1471-2458-10-273.

Bureau of Statistics of Henan Province. 2015. Henan Statistical Yearbook 2015. Available at

http://www.ha.stats.gov.cn/hntj/lib/tjnj/2015/indexch.htm (accessed 20 May 2017).

Bureau of Statistics of Hunan Province. 2015. Hunan Statistical Yearbook 2015. Available at

http://www.hntj.gov.cn/sjfb/tjnj/15tjnj/indexch.htm (accessed 20 May 2017).

Cameron EZ. 2004. Facultative adjustment of mammalian sex ratios in support of the Trivers–

Willard hypothesis: evidence for a mechanism. Proceedings of the Royal Society B: Biological

Science 271:1723–1728 DOI 10.1098/rspb.2004.2773.

Catalano R, Yorifuji T, Kawachi I. 2013. Natural selection in utero: evidence from the

great East Japan earthquake. American Journal of Human Biology 25:555–559

DOI 10.1002/ajhb.22414.

Luo et al. (2017), PeerJ, DOI 10.7717/peerj.3546 14/17

https://doi.org/10.6084/m9.figshare.4977635.v1
http://dx.doi.org/10.7717/peerj.3546#supplemental-information
http://dx.doi.org/10.7717/peerj.3546#supplemental-information
http://dx.doi.org/10.1098/rspb.1997.000
http://dx.doi.org/10.1016/j.evolhumbehav.2011.10.008
http://dx.doi.org/10.1146/annurev.soc.31.041304.122232
http://dx.doi.org/10.1186/1471-2458-10-273
http://www.ha.stats.gov.cn/hntj/lib/tjnj/2015/indexch.htm
http://www.hntj.gov.cn/sjfb/tjnj/15tjnj/indexch.htm
http://dx.doi.org/10.1098/rspb.2004.2773
http://dx.doi.org/10.1002/ajhb.22414
http://dx.doi.org/10.7717/peerj.3546
https://peerj.com/


Chacon-Puignau GC, Jaffe K. 1996. Sex ratio at birth deviations in modern Venezuela: the

Trivers–Willard effect. Social Biology 43(3–4):257–270 DOI 10.1080/19485565.1996.9988927.

Chahnazarian A. 1988. Determinants of the sex ratio at birth: review of the recent literature.

Social Biology 35:214–235 DOI 10.1080/19485565.1988.9988703.

Clutton-Brock TH, Albon SD, Guinness FE. 1986. Great expectations: dominance, breeding

success and offspring sex ratios in red deer. Animal Behaviour 34:460–471

DOI 10.1016/S0003-3472(86)80115-4.

Coale AJ, Banister J. 1994. Five decades of missing females in China. Demography 31:459–479

DOI 10.2307/2061752.

Cronk L. 1989. Low socio-economic status and female-biased parental investment: the Mukogodo

example. American Anthropologist 91:414–429 DOI 10.1525/aa.1989.91.2.02a00090.

Cronk L. 2007. Boy or girl: gender preferences from a Darwinian point of view. Reproductive

Biomedicine Online 15:23–32 DOI 10.1016/S1472-6483(10)60546-9.

Deng Z, Treiman DJ. 1997. The impact of the cultural revolution on trends in educational

attainment in the People’s Republic of China. American Journal of Sociology 103:391–428

DOI 10.1086/231212.

Dickemann M. 1979. Female infanticide, reproductive strategies, and social stratification: a

preliminary model. In: Chagnon NA, Irons W, eds. Evolutionary Biology and Human Social

Behaviour: An Anthropological Perspective. North Scituate, MA: Duxbury Press, 321–368.

Ebenstein A. 2010. The “missing girls” of China and the unintended consequences of the one child

policy. Journal of Human Resources 45:87–115 DOI 10.3368/jhr.45.1.8.

Erikson R, Goldthorpe JH. 1992. The Constant Flux: A Study of Class Mobility in Industrial

Societies. Oxford, UK: Clarendon.

Fairbank JK, Reischauer EO. 1989. China: Tradition and Transformation. Boston: Houghton

Mifflin, 9–13.

GelmanA, Carlin J. 2014. Beyond power calculations: assessing types (sign) and typem (magnitude)

errors. Perspectives on Psychological Science 9:641–651 DOI 10.1177/1745691614551642.

Gibson MA, Mace R. 2003. Strong mothers bear more sons in rural Ethiopia. Proceedings of the

Royal Society B: Biological Science 270:S108–S109 DOI 10.1098/rsbl.2003.0031.

Hewison AJM, Gaillard JM. 1999. Successful sons or advantaged daughters? The Trivers–

Willard model and sex biased maternal investment in ungulates. Trends in Ecology &

Evolution 14:229–234 DOI 10.1016/S0169-5347(99)01592-X.

Hopcroft RL. 2005. Parental status and differential investment in sons and daughters:

Trivers–Willard revisited. Social Forces 83:1111–1136 DOI 10.1353/sof.2005.0035.

Hopcroft RL, Martin DO. 2014. The primary parental investment in children in the

contemporary USA is education: testing the Trivers–Willard hypothesis of parental investment.

Human Nature 25:235–250 DOI 10.1007/s12110-014-9197-0.

Hopcroft RL, Martin DO. 2016. Parental investments and educational outcomes: Trivers–Willard

in the US. Frontiers in Sociology 1:3 DOI 10.3389/fsoc.2016.00003.

Kalmijn M. 1998. Intermarriage and homogamy: causes, patterns, trends. Annual Review of

Sociology 24:395–421 DOI 10.1146/annurev.soc.24.1.395.

Keller MC, Nesse RM, Hofferth S. 2001. The Trivers–Willard hypothesis of parental investment.

No effect in the contemporary United States. Evolution and Human Behavior 22:343–360

DOI 10.1016/S1090-5138(01)00075-7.

Kerbo HR. 2009. Social Stratification and Inequality: Class Conflict in Historical, Comparative,

and Global Perspective. New York: McGraw-Hill, 76–79.

Luo et al. (2017), PeerJ, DOI 10.7717/peerj.3546 15/17

http://dx.doi.org/10.1080/19485565.1996.9988927
http://dx.doi.org/10.1080/19485565.1988.9988703
http://dx.doi.org/10.1016/S0003-3472(86)80115-4
http://dx.doi.org/10.2307/2061752
http://dx.doi.org/10.1525/aa.1989.91.2.02a00090
http://dx.doi.org/10.1016/S1472-6483(10)60546-9
http://dx.doi.org/10.1086/231212
http://dx.doi.org/10.3368/jhr.45.1.8
http://dx.doi.org/10.1177/1745691614551642
http://dx.doi.org/10.1098/rsbl.2003.0031
http://dx.doi.org/10.1016/S0169-5347(99)01592-X
http://dx.doi.org/10.1353/sof.2005.0035
http://dx.doi.org/10.1007/s12110-014-9197-0
http://dx.doi.org/10.3389/fsoc.2016.00003
http://dx.doi.org/10.1146/annurev.soc.24.1.395
http://dx.doi.org/10.1016/S1090-5138(01)00075-7
http://dx.doi.org/10.7717/peerj.3546
https://peerj.com/


Kolk M, Schnettler S. 2016. Socioeconomic status and sex ratios at birth in Sweden: no

evidence for a Trivers–Willard effect for a wide range of status indicators. American Journal of

Human Biology 28(1):67–73 DOI 10.1002/ajhb.22756.

Koziel S, Ulijaszek SJ. 2001. Waiting for Trivers and Willard: do the rich really favor sons?

American Journal of Physical Anthropology 115:71–79 DOI 10.1002/ajpa.1058.

Lazarus J. 2002. Human sex ratios: adaptations and mechanisms, problems and prospects.

In: Hardy ICW, ed. Sex Ratios: Concepts and Research Methods. Cambridge:

Cambridge University Press, 292.

Lenski G, Nolan P, Lenski J. 1995. Human Societies. New York: McGraw-Hill, 324.

Li J, Cooney RS. 1993. Son preference and the one child policy in China: 1979–1988.

Population Research and Policy Review 12:277–296 DOI 10.1007/BF01074389.

Lin N, Bian Y. 1991. Getting ahead in urban China. American Journal of Sociology 97:657–688

DOI 10.1086/229816.

Luo L, Zhao W, Weng T. 2016. Sex-biased parental investment among contemporary Chinese

peasants: testing the Trivers–Willard hypothesis. Frontiers in Psychology 7:1215

DOI 10.3389/fpsyg.2016.01215.

Mace R, Jordan F. 2005. The evolution of human sex-ratio at birth: a bio-cultural analysis. In:

Mace R, Holden CJ, Shennan S, eds. The Evolution of Cultural Diversity: A Phylogenetic

Approach. London: UCL Press, 207–216.

Menard SW. 2002. Applied Logistic Regression Analysis. Thousand Oaks, CA: Sage, 76.

Morgan SL. 2000. Richer and taller: stature and living standards in China, 1979–1995.

China Journal 44:1–39 DOI 10.2307/2667475.

Nettle D, Pollet TV. 2008. Natural selection on male wealth in humans. American Naturalist

172(5):658–666 DOI 10.1086/591690.

Pollet TV, Fawcett TW, Buunk AP, Nettle D. 2009. Sex-ratio biasing towards daughters among

lower-ranking co-wives in Rwanda. Biology Letters 5:765–768 DOI 10.1098/rsbl.2009.0394.

Ruckstuhl KE, Colijn GP, Amiot V, Vinish E. 2010. Mother’s occupation and sex ratio at birth.

BMC Public Health 10:269 DOI 10.1186/1471-2458-10-269.

Sato H, Li S. 2008. Class origin, family culture, and education in rural China (in Chinese). China

Economic Quarterly 7:1105–1129 DOI 10.13821/j.cnki.ceq.2008.04.003.

Sato H, Li S. 2013. Influence of family background on current family wealth in rural China.

Hitotsub Journal of Economics 54:95–117.

Schindler S, Gaillard JM, Grüning A, Neuhaus P, Traill LW, Tuljapurkar S, Coulson T. 2015.

Sex-specific demography and generalization of the Trivers–Willard theory. Nature

526(7572):249–252 DOI 10.1038/nature14968.
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