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Abstract

A basic hypothesis is that cultural evolutionary processes sustain differences between groups, these differ-
ences have evolutionary relevance and they would not otherwise occur in a system without cultural trans-
mission. The empirical challenge is that groups vary for many reasons, and isolating the causal effects of
culture often requires appropriate data and a quasi-experimental approach to analysis. We address this
challenge with historical data from the final Soviet census of 1989, and our analysis is an example of
the epidemiological approach to identifying cultural variation. We find that the fertility decisions of
Armenian, Georgian and Azeri parents living in Soviet-era Russia were significantly more son-biased
than those of other ethnic groups in Russia. This bias for sons took the form of differential stopping
rules; families with sons stopped having children sooner than families without sons. This finding suggests
that the increase in sex ratios at birth in the Caucasus, which began in the 1990s, reflects a cultural pref-
erence for sons that predates the end of the Soviet Union. This result also supports one of the key hypoth-
eses of gene—culture coevolution, namely that cultural evolutionary processes can support group-level
differences in selection pressures that would not otherwise occur in a system without culture.

Keywords: son preference; sex ratio; sex-selective abortions; Caucasus; gene-culture coevolution
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Media summary: Fertility decisions of Armenian, Georgian and Azeri parents living in Soviet-era
Russia reveal strong son bias.

I. Introduction

A seemingly innocuous hypothesis is that social learning and cultural transmission can produce and
maintain variation between groups in ongoing contact with each other (Boyd & Richerson, 1985; Soltis
et al., 1995; Richerson & Boyd, 2008; Henrich, 2017; Laland, 2017). The hypothesis seems innocuous if
understood to mean simply that cultures should vary. In reality, however, the idea is not necessarily
innocuous. If cultures vary specifically because of cultural evolutionary processes, genes and culture
can combine to generate evolutionary dynamics that would not otherwise be possible. Of particular
interest, cultural group selection becomes a possibility (Boyd et al., 2011; Richerson et al., 2016;
Francois et al., 2018; Henrich & Muthukrishna, 2021).

For present purposes, by cultural group selection we mean that two or more groups exhibit system-
atically different, socially learned behaviours that lead to systematic, group-level variation in fitness
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values for the individuals who comprise the groups. Here we do not demonstrate or even test for cul-
tural group selection of this sort. Indeed, our analyses highlight just how challenging such an exercise
would be, especially in terms of drawing sound inferences about the causal role of culture. We do,
however, take a step in the direction of testing for this kind of cultural group selection in two ways.
First, we do not simply assume that observed differences in behaviour between groups
constitute cultural variation just because it seems like they probably should be cultural variation.
Rather, we work with data that attenuate, even if they cannot eliminate, the role of confounding
sources of variation. Second, we do not examine behavioural variation in decision-making domains
that have a vague relationship to fitness. Rather, we examine family planning, specifically sex-biased
fertility choices, and in this sense we focus on a domain that should have a relatively direct link to
realised fitness values.

A necessary but not sufficient condition for cultural group selection is that groups are different
from each other specifically because of cultural evolutionary processes. This is easy to say but hard
to pin down in terms of what it might actually mean for the working empiricist (Lonati et al.,
2024). Groups can be different for all sorts of reasons. Isolating the cultural component can be chal-
lenging because cultural variation often correlates strongly with other forms of group-level variation.
For example, if the people in one country behave differently from the people in another country
(Hofstede, 2001; Henrich et al., 2005; Bell et al., 2009; Muthukrishna et al., 2020), some or all of
this group-level variation may be cultural, but some or all of it may simply reflect facultative responses
to environmental variation (Lamba & Mace, 2011).

One straightforward work-around is what is sometimes called the ‘epidemiological’ approach to
identifying cultural variation (Fernandez, 2011; Lonati et al., 2024). The basic idea is to compare peo-
ple who have different cultural backgrounds but live in one place under a common set of institutions
and economic conditions. By holding the institutional and economic setting constant, one hopes to
eliminate or at least attenuate the effects of environmental variation as a confound, and recent research
provides a number of examples in different decision-making domains (Antecol, 2000; Fernandez,
2007; Fernandez & Fogli, 2009; Alesina & Giuliano, 2010; Luttmer & Singhal, 2011; Enke, 2019;
Almond et al., 2013; Galor & Ozak, 2016; Lowes et al., 2017; Giuliano & Nunn, 2021).

Of course, some domains are more interesting than others in evolutionary terms. To illustrate,
imagine a study showing that children born in London to Spanish parents sometimes say la calle’
but almost never ‘die Strafle’, while children born in London to German parents sometimes say
‘die Strafe’ but almost never ‘Ia calle’. Such a study would provide a clear example of the epidemio-
logical approach, and it might easily convince us that the observed group-level variation is cultural.
However, assuming that la calle and die Strafle work equally well when speaking to Spanish speakers
and German speakers, respectively, and assuming that they work equally poorly when speaking to
others, we might also assume the observed variation is selectively neutral in gene-culture coevolution-
ary terms. In particular, it would not and could not feed back to affect survival and reproduction, the
basic components of individual fitness.

Cultural variation in reproductive choices is at the opposite end of the spectrum, and this is our
starting point in the present paper. We use census data to examine possible cultural variation in
choices related to fertility, family planning and parental investment. Specifically, we use archival
data from the final Soviet census of 1989 to study son bias or daughter bias among different ethnic
groups within the Soviet Union. To attenuate environmental confounds, we limit attention to people
who were all living in Soviet-era Russia and thus shared a common economic and institutional set-
ting. This allows us to identify cultural differences in son bias across ethnic groups living in Russia,
foreshadowing the differential evolution of sex ratios in their ethnic homelands. Thanks to the pio-
neering work of Guilmoto (2013), Guilmoto and Duthé (2013) and Duthé et al. (2012), we know
that, shortly after the dissolution of the Soviet Union, sex ratios at birth (the number of boys
born for every 100 girls) started to rise in some successor states due to sex-selective abortion.
The increase was strongest in Armenia and its neighbouring countries in the Caucasus, and
Armenia now has one of the most distorted sex ratios in the world (Schief et al., 2021). Such
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distortions suggest the possibility that some families may not be optimising investment in sons vs.
daughters (Fisher, 1999). In other parts of the former Soviet Union, with the Baltics a clear example,
the sex ratios at birth remain undistorted (United Nations, Department of Economic and Social
Affairs, Population Division, 2022).

What explains the observed rise in the sex ratio at birth in the Caucasus following the end of the
Soviet Union? An intriguing possibility is that heightened sex ratios in the contemporary Caucasus
reflect a deeply rooted cultural preference for sons that was already in place before families started
selectively aborting females. To investigate this possibility we need to go further back to Soviet-era
Russia and look for alternative signatures of a culturally evolved son bias. One candidate signature,
especially appropriate for census data, is differential stopping rules. A differential stopping rule
would mean, for example, that parents with two daughters and no sons are more likely to continue
having children than parents with two children, at least one of which is a son. A culturally evolved
son bias that manifests itself in this way is intriguing because it has the potential, like sex-selective
abortion, to impose a fitness cost. In particular, stopping rules imply that some families may not opti-
mise the quantity—quality tradeoff, a classic topic in behavioural ecology (Lack et al., 1954; Stearns,
1992; Roft, 1993; Mulder, 2000; Walker et al., 2008; Lawson & Mace, 2011; Lawson & Borgerhoff
Mulder, 2016), specifically because of their son-biased culture.

An alternative hypothesis is that the rise in sex ratios was driven by the emergence of son bias, a
recent cultural shift that for some reason occurred in the Caucasus, but not elsewhere. Contemporary
sex-selective abortion may still be dysfunctional, but the son-biased culture in question would not be
deep-rooted and would have evolved under different circumstances. Finally, perhaps the people of the
Caucasus did not have and do not have a culturally evolved preference for sons at all. Instead, rapidly
changing economic and institutional conditions in the early 1990s may have simply created new
incentives favouring sons in the Caucasus but not, for example, in the Baltics. Sex allocation is another
classic topic in behavioural ecology, and in general we are quite happy to think about differential
investment in male vs. female offspring without recourse to the cultural evolution of preferences
for one sex over another (Fisher, 1999; Trivers & Willard, 1973; Leimar, 1996; Schindler et al.,
2015). In such cases, differential investment simply reflects a facultative response to incentives,
which we conceive broadly to include any currency that might affect fitness in a sexually reproducing
species.

Our data do not allow us to study fitness directly. They do, however, allow an epidemiological
approach to differential stopping rules before the emergence of distorted sex ratios and by extension
an examination of son bias in the Caucasus more broadly. Our results suggest that son bias in the
Caucasus, along with whatever distortions and fitness effects it may or may not involve, is probably
based on a deep-rooted preference for sons that exists specifically because of cultural evolutionary
processes.

2. Background

Identifying a culture of son bias can be challenging because such a culture does not always translate
into a male-biased sex ratio, and a male-biased sex ratio does not necessarily require a culture of son
bias. If skewed sex ratios at birth follow from a culture of son bias, at least three conditions must hold
(Lesthaeghe & Vanderhoeft, 2001; Guilmoto, 2009). First, parents must harbour culturally evolved
son-biased fertility preferences. Second, fertility rates must be low so that parents face a significant
risk of ending up without a son unless they actively engage in sex selection. Third, parents must pos-
sess both the means and willingness to undertake sex selection. In particular, pre-natal sex selection,
which is the primary issue in the Caucasus, requires access to obstetric sonography and some accept-
ance of abortion as a method of family planning (Schief et al., 2021).

Before the 1990s, obstetric sonography was not widely available in the Caucasus. Thus, even if a
strong culture of son bias was in place, it could not have affected population-level sex ratios at
birth, and indeed sex ratios in Armenia, Georgia and Azerbaijan remained at their natural levels in
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Soviet times. Therefore, we cannot compare historically undistorted sex ratios with contemporary sex
ratios and conclude that the change reveals a cultural shift toward son-biased fertility preferences.

Regarding the availability of medical ultrasound, Duthé et al. (2012) report that ultrasound tech-
nology began to appear in the Caucasus in the late 1980s and was fully introduced in most hospitals
by the mid 1990s. Hohmann et al. (2014) also report that sex-screening methods quickly became avail-
able following the dissolution of the Soviet Union. Michael et al. (2013) explains the limited availabil-
ity of ultrasound machines in the Soviet period as a lack of domestic manufacturing capacity coupled
with Western restrictions on exporting technology with military applications.

Without sex selection, son-biased parents can increase the probability of having a son by using dif-
ferential stopping rules. Put simply, if you have a son, and you are content with the number of children
you have, stop having children. If you do not have a son, keep having children, and do so even if you
would otherwise stop. While such a strategy does not affect the sex ratio in the population, it does alter
the distribution over family compositions. For example, families with only daughters appear less often
than expected, and families in which the final child is a son appear more often than expected. We can
thus analyse historical fertility outcomes to document son preferences even when sex ratios provide no
insights.

Our strategy for inferring son preferences requires data on within-household fertility outcomes as
aggregate sex ratios are largely unaffected by stopping rule behaviour. To be precise, fertility stop-
ping can increase the aggregate sex ratio at birth only if parents with a natural tendency to conceive
sons have more children than parents with a tendency to conceive daughters. Interestingly, continu-
ing to have children until a son is born means that parents with a natural propensity of conceiving
sons would have fewer children on average, thereby depressing rather than increasing the sex ratio at
birth in the population. In reality, heterogeneity in the natural propensity to conceive offspring of a
particular sex is too limited to imply a significant effect for the aggregate sex ratio (Grech et al,,
2018).

What about the possibility that a biased sex ratio does not necessarily reflect a culture favouring one
sex over the other? Variation in the human sex ratio at birth can also exist without explicit preferences
and conscious sex selection by parents. For example, a significant and growing body of evidence links
maternal stress to the death of male fetuses, which affects the sex ratio at birth in the wake of wars and
other forms of social upheaval (James & Grech, 2017). More broadly, the general theory of sex allo-
cation, of course, does not require culture. Whether considering the equilibrium sex ratio in the popu-
lation (Fisher, 1999) or facultative changes in parental investment based on parental condition and the
relative reproductive values of male vs. female offspring (Trivers & Willard, 1973; Leimar, 1996;
Cronk, 2007; Schindler et al., 2015), the basic evolutionary theory holds without culture. Especially
telling, the explicit values in a cultural group can favour one sex, while investments in terms of actual
behaviour favour the other sex, with the latter consistent with standard predictions under the Trivers—
Willard hypothesis (Cronk, 2017).

For this paper, we have compiled and analysed a new dataset that allows us to grapple with the
potentially complex and subtle relationship between a culture of son bias and a son-biased sex
ratio. Specifically, we have compiled archival data from the 1989 census of households living in the
Russian Soviet Federative Socialist Republic. The data allow us to compare the fertility outcomes of
parents from different cultural origins who lived in Soviet-era Russia and bore children during the
late 1970s and the 1980s, a period predating the distortion of sex ratios in the Caucasus. By comparing
Armenians, Georgians and Azeris with people from other ethnic groups, we aim to discern whether
modern-day disparities in sex ratios at birth across post-Soviet societies mirror a recent divergence in
son bias, or whether they reflect longstanding cultural differences that were present before the Soviet
collapse. Our data provide a way into this problem because we can combine both the epidemiological
approach and the ability to identify differential stopping rules. The epidemiological approach increases
confidence that we can isolate cultural variation, while the ability to identify stopping rules is crucial
because we know that any son bias during the Soviet era did not take the form of sex-selective
abortion.
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Aside from general questions in gene-culture coevolutionary theory, our paper also contributes to
the literature on son preference in the Caucasus (Duthé et al., 2012; Guilmoto, 2013; Meslé et al., 2007;
Michael et al., 2013; Schief et al., 2021). Previous research has documented distorted sex ratios, dis-
cussed the role of sex-selective abortions and measured son preferences using questionnaire items
or implicit association tests. All the papers in this literature point to the increased availability of med-
ical ultrasound as an important part of any explanation of the increase in the sex ratio during the
1990s.

The same literature, however, also raises the possibility that cultural evolution may have been
unfolding quickly at the time. For example, concurrent developments like the decline of female pol-
itical representation, deteriorating labour market conditions and an increase in violent conflicts
may have caused an unprecedented preference for sons in the newly independent states of the
Caucasus. Simply noting that sex ratios at birth started to increase dramatically in 1990s does not
help to separate the possible mechanisms. As explained above, this is a general problem associated
with identifying cultural variation either through time or across space. Culture often covaries with
other forms of variation among groups, and this confounded variation limits the scope for isolating
cultural variation in preferences, beliefs and behaviours.

We examine a culture of son preference by limiting our comparisons to different ethnic groups all
living in Russia prior to the widespread availability of medical ultrasound. Thus, from a methodo-
logical perspective, our paper also adds to a growing literature that attempts to identify the causal
role of culture by observing the behaviour of migrants who have different origins but live under a sin-
gle set of institutions in a common host country (Fernandez, 2011). In doing so, we provide evidence
for a culture of son preference among Armenian, Georgian and Azeri parents that predates both the
expanded availability of medical ultrasound as well as the political and cultural developments asso-
ciated with the dissolution of the Soviet Union.

Importantly, our focus is on the kind of son bias that causes extreme distortions of the sex ratio, the
kinds of distortion that can only stem from active sex selection on the part of the parents. For example,
as we document in a previous paper (Schief et al., 2021), conditional on the first two children being
girls, the sex ratio among third-born children in Armenia is a staggering 330 boys for every 100 girls.
In stark contrast, conditional on the first two children being boys, the sex ratio among thirdborn chil-
dren does not exceed the natural level of 105 boys for every 100 girls. Active choices by parents who
want to ensure the birth of a son, rather than environmental factors, are required to explain these con-
ditional sex ratios.

3. Data and methods

Our data are a 5% random sample from the 1989 census in the Russian Soviet Federative Socialist
Republic. The unit of analysis in the census is a household. A household is defined as a set of indi-
viduals who live together in a given apartment. If multiple families share a communal apartment,
they were counted as separate households. For each household member, we observe their gender,
date of birth and ethnicity. Our 5% random sample is the only remaining microdata from the
1989 census. Access to these data is strictly limited and requests for data access should be submitted
to the International Laboratory for Population and Health at the Higher School of Economics in
Moscow.

We observe the demographic characteristics of all family members who share a household at the
time of the census. However, our data do not include information on family members who no longer
live in the same household. Hence, the set of children recorded in the census may not be the same as
the set of children born to a given couple. In particular, older children who have already moved out are
not recorded. This is a challenge as studying fertility outcomes requires that we observe all children
born to any given couple. We address this challenge by imposing a restrictive age limit on the oldest
child observed in the census, and we exclude all households with at least one child exceeding this age
limit.
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We chose 14 as our cutoff age. With this cutoff, the child recorded in the census as the oldest child
in the family is in fact likely to be the first-born. To see this, consider what would be required for a
child to appear in our sample as the oldest child even though the child was actually not first-born.
Such an outcome would require that the interbirth interval between the first- and second-born chil-
dren was especially long or that the first-born child moved out at an especially young age. For example, if
the birth interval between the first- and second-born child was less than 4 years, the first-born child
would have had to move out before the age of 18 for us to miscategorise the second-born child.
Alternatively, imagine a first-born child who moved out at the age of 23. Miscategorising the second
child in this case would have required an interbirth interval of at least 9 years. Because such scenarios
are probably rare, we are confident that our sample consists mostly of households for which we have
information on all children. A cutoff of 14 also means that we consider children born between 1974
and 1989. Finally, the sample is restricted to families with fewer than six children.

Our goal is to examine the existence of a culture of son preference among Armenian, Georgian and
Azeri parents that predates the rise in the sex ratios at birth in the Caucasus. Evidence of historical son
preference among Armenian, Georgian and Azeri parents, and the lack of such evidence for parents in
other cultures, would suggest that the rise in the sex ratio at birth in the Caucasus reflects deeply rooted
cultural preferences rather than recent shifts towards son-biased fertility preferences. To produce such
evidence, we analyse fertility outcomes of parents in Soviet-era Russia and show that Armenian,
Georgian and Azeri parents appear more son biased than Eastern Europeans or Central Asians.

Comparing the fertility outcomes of parents within Soviet-era Russia has an important advantage
over comparing the fertility outcomes of parents across different Soviet republics. To the extent that
labour markets or local institutions in Armenia, Georgia and Azerbaijan differed from those in
other Soviet republics in ways that incentivised parents to have sons, it is conceivable that incentives,
rather than a culture of son preference, caused fertility outcomes to be more son-biased in the
Caucasus. Comparing fertility outcomes among parents who all lived in Soviet-era Russia alleviates
this concern. This strategy of comparing individuals of different cultural backgrounds living in the
same institutional setting is called the epidemiological approach and has become a standard tool to
isolate the causal role of culture (Fernandez & Fogli, 2009; Fernandez, 2011).

Papers relying on the epidemiological approach often study second-generation migrants because
first-generation migrants are likely more strongly selected on specific traits and may not be represen-
tative of individuals in their country of origin. Our analyses are based on all households recorded as
living in Soviet-era Russia at the time of the 1989 census. Although our data will certainly also contain
first-generation migrants, many households will have lived in Russia for more than one generation. A
limitation of our data is the lack of information on the place of residence, education or household
income, which unfortunately prevents us from statistically controlling for the socio-economic charac-
teristics of the parents in our sample.

3.1. Son preferences and the decision to have a third child

When parents decide whether or not to have another child, they take into account their current family
composition. For example, all things being equal, parents with more children are less likely to have
another child compared with parents with fewer children because the former are more likely to
have reached their desired family size. In addition to the number of existing children, parents with
sex-biased fertility preferences also take into account their sex composition. As a result, parents
with a strong desire to have at least one son are more likely to have a third child when their first
two children are girls. Hence, observed fertility outcomes reveal whether a significant proportion of
parents follow son-biased stopping rules.

We focus on the decision to have a third child. The decision to have a second child is unlikely to
reveal any son bias because the vast majority of parents in our context want to have at least two chil-
dren, independent of their sex. Investigating the fertility decisions of parents with three or more chil-
dren is problematic because large families are rare. Moreover, most families with three children will
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already have a son. Son bias may influence not only the decision whether to have another child, but
also when to have it. Specifically, a tendency of parents to invest more in sons may lead to extended
intervals between births after having a son, compared with shorter intervals following the birth of a
daughter (Mace & Sear, 1997).

We compute the odds of having three or more children at the time of the 1989 census for different
parents who are grouped according to the sex of their first two children. The first group is made up of
parents whose first two children are girls. The second group comprises parents whose first two chil-
dren are boys. And the third group comprises parents whose first two children are one of each sex.

Our analysis proceeds by comparing the odds for different groups. For example, to see whether par-
ents without a son are more likely have a third child compared to parents who already have a son, we
compute the log odds ratio,

no son no son
third child no third child
N, son / N, son

6]

( Nthird child / N©Ro third child)
9

where Nthird <hild i the number of households with at least three children and no son among the first
two children. Similarly, N0 third hild jg the number of households without a third child and no son
among the first two children, Nthird<hild j5 the number of households with at least three children
and at least one son among the first two children, and N9 hird hild jg the number of households with-
out a third child but at least one son among the first two children. If parents do not care whether their
children are sons or daughters, then their decisions to have another child depend exclusively on the
number of current children, and the log odds ratios should all be equal to 0. Deviations from zero
indicate a statistical association between the sex composition among the first two children and the
existence of a third child.

Our data allow us to compute the odds ratios by ethnicity. While the data distinguish between 176
different ethnicities, most have very few observations, and we restrict our attention to the following:
Russians, Estonians, Latvians, Lithuanians, Belorusians, Ukrainians, Moldovans, Goergians,
Armenians, Azeris, Turkmens, Uzbeks, Tajiks, Kazakhs and Kyrgyz. We further group these ethnici-
ties into four regions based on their homelands; Russia, Eastern Europe and the Baltics (Estonians,
Latvians, Lithuanians, Belorusians, Ukrainians and Moldovans), Caucasus (Georgians, Armenians,
and Azeris) and Central Asia (Turkmens, Uzbeks, Tajiks, Kazakhs and Kyrgyz).

4. Results

Figure 1 shows the evolution of the sex ratios at birth in Russia, Eastern Europe, the Caucasus and
Central Asia, as reported by the United Nations Population Division. The clear outlier among these
four regions is the Caucasus, which saw a dramatic increase in the sex ratio at birth during the
early 1990s. Against this backdrop, we now turn to our data to ask whether parents of Armenian,
Georgian and Azeri origin living in the Russian Soviet Federative Socialist Republic during the
1970s and 1980s similarly stand out with their fertility choices.

Figure 2 shows point estimates for different log odds ratios along with 95% confidence intervals.
The black circle-shaped markers show log ratios of the odds of having a third child for parents
with no son relative to parents with at least one son among the first two children. Similarly, the
blue diamond-shaped markers show the log ratios of the odds of having a third child for parents
with no daughter relative to parents with at least one daughter among the first two children. If parents
have a preference for a gender mix among their children, these log odds ratios may be larger than zero,
even if parents do not generally prefer sons over daughters (or vice versa). To isolate son preference,
the green triangle-shaped markers show the log ratios of the odds of having a third child for parents
with no son relative to parents with no daughters.

For Russians, all three log odds ratios are larger than 0, suggesting that Russian parents have (a) a
preference for at least one son, (b) a preference for at least one daughter and (c) a stronger preference



8 Matthias Schief et al.

114 1
= 1114
=
o
©
Rel
‘é 108
>
o)
wn
105+ — Russia
——— Eastern Europe
""""" Caucasus
— = Central Asia

102

T T T T T T T
1960 1970 1980 1990 2000 2010 2020
Year

Figure 1. Evolution of sex ratios at birth (number of boys per 100 girls).
Source: United Nations, Department of Economic and Social Affairs, Population Division (2022). The sex ratio at birth for a given region is
computed as the average of the country-level sex ratios weighted by population size.

for sons than for daughters. The inferred son preference among Russian parents is relatively weak,
however, with parents of two girls being only moderately more likely to have a third child compared

to parents of two boys. We find very similar odds ratios for Eastern Europeans, although somewhat
less precisely estimated. The odds ratios for Central Asians are more suggestive of son preference,
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€ No daughter vs. at least one daughter among first two children
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Figure 2. Log odds ratios of having a third child by sex composition of first two children. Confidence intervals are computed at the
95% level.
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Logistic regression

Dependent variable: Has a third child

No son among first two children

02317 (0.0118)

No daughter among first two children

0.176 " (0.0117)

No son among first two children x Eastern Europe

0.000 (0.0467)

No daughter among first two children x Eastern Europe

-0.013 (0.0465)

No son among first two children x Caucasus

0.279" (0.0907)

No daughter among first two children x Caucasus —0.216" (0.0955)
No son among first two children x Central Asia 0.126 (0.0917)
No daughter among first two children x Central Asia —0.073 (0.0906)
Eastern Europe 0.069" (0.0283)
Caucasus 0.662""

(0.0553)
Central Asia 1.068"" (0.0545)
Constant -1.792"" (0.0072)
Observations 349677
Likelihood ratio 2 (11) 1539.22

Standard errors in parentheses.
p<0.05,"" p<0.01, " p<0.001.

although their confidence intervals overlap with the Russian point estimates, implying that we cannot
reject the hypothesis that Central Asians are no more son biased than Russians. In contrast,
Armenians, Georgians and Azeris really stand out. The fertility outcomes of parents from the
Caucasus region reveal strong son bias, with parents whose first two children were girls being 1.75
times more likely to have had a third child than parents whose first two children were boys.

Figure 2 shows how the lack of a son among the first two children is associated with the decision to
have a third child. The same results can also be derived within a regression framework. Table 1 reports
the estimated coefficients from a logistic regression. The dependent variable is an indicator that equals
one if the family has a third child and zero otherwise. We regress this indicator on different variables
describing the gender composition among the first two children, interacted with ethnicity indicators.
The omitted category is Russian parents whose first two children are of mixed gender. This regression
analysis confirms that the lack of a son among the first two children is a strong predictor of a third
child among Armenian, Georgian and Azeri households, and much less so among other households.
As before, we find that Russians have a preference for a gender mix, evidenced by the higher odds of
having a third child if the first two children are of the same sex. Eastern Europeans and Central Asians
are not statistically different from Russians. In contrast, the interaction terms with the Caucasus
dummy are statistically significant at the 1% and 5% level, respectively. Armenian, Georgian and
Azeri parents are more likely to have a third child if the first two children are girls and less likely
to have a third child if the first two children are boys.

What about the possibility that infant mortality affects our results? Deceased children are not
included in the census, implying that in our data the gender of the first two children may not always
correspond to the gender of the first two children born in a given household. Nevertheless, infant
mortality is extremely unlikely to drive our results. Estimates put the rate of infant mortality in
the Soviet Union during the mid-1980s at about 32 in 1000 (Anderson & Silver, 1986). This number
may mask heterogeneity across different population subgroups. However, even if households faced
different mortality rates, reflecting for example differential access to medical care, the gender
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Table 2. Summary statistics. The sex ratio is defined as the number of boys per 100 girls

Russia Eastern Europe Caucasus Central Asia
Sex ratio 103.0 103.6 105.6 104.7
95% confidence interval [102.7,103.4] [102.0,105.1] [101.7,109.6] [100.7,108.9]
Number of households in sample 700,359 47,065 6493 5371

composition within households would remain unaffected as long as the relative mortality rates of
boys vs. girls is similar across households. Gender-biased care can in principle distort the relative
survival probabilities of boys vs. girls, but there is no evidence of gender-biased mortality rates in
our context. In Table 2, we report the sex ratios for the same set of ethnicities. As expected, the
sex ratios are similar across groups, and a common sex ratio of 103 boys for every 100 girls cannot
be statistically rejected.

5. Discussion

Over the past decades, parents in Armenia, Georgia and Azerbaijan have resorted to sex-selective
abortions to influence the sex composition of their children. As a result, the number of boys born
for every 100 girls has increased to levels far beyond the natural sex ratio at birth. Heightened sex ratios
first emerged in the 1990s following the dissolution of the Soviet Union, which brought about import-
ant changes in the social and economic structure of post-Soviet societies. What caused this increase in
sex ratios? On the one hand, the strengthening of national identities and religiosity, the sharp increase
in economic insecurity, the new reliance on male labour migration, and the diminished representation
of women in political position may all have occurred alongside a shift in fertility preferences toward an
increased valuation of sons over daughters. On the other hand, the 1990s also saw a plummeting of
fertility levels and a greatly expanded availability of medical ultrasound so that parental preferences for
sons could for the first time be reflected in heightened sex ratios. Against this backdrop, it is unclear ex
ante whether the increasing sex ratios at birth during the 1990s reflected a contemporary shift toward
more son-biased fertility preferences or rather a newfound ability to meet deeply-rooted cultural pre-
ferences for sons by preferentially aborting female fetuses.

Using microdata from the 1989 census in the Russian Soviet Federative Socialist Republic, we show
that the fertility decisions of Armenian, Georgian and Azeri parents in the late 1970s and the 1980s
were much more son-biased than the fertility decisions of Russians, Eastern Europeans and Central
Asians. We interpret this finding as evidence that the recent increase in the sex ratio at birth in the
Caucasus is at least partially reflecting deep-rooted cultural preferences for sons.

Can the son preferences inferred from the observed fertility choices in our data rationalise the steep
increase in sex ratios at birth in the Caucasus? Answering this question would require mapping the
prevalence of stopping behaviour before the advent of ultrasound technology onto the later evolution
of the sex ratio when sex-selective abortions became possible. Although achieving a precise mapping
may not be possible, it may still be helpful to consider a stylised model. The purpose is to analyse the
potential impacts of the preferences underlying stopping rule behaviour on sex ratios in the presence
of sex-selective abortions.

Assume that parents can have either two or three children. Parents are more likely to have a third
child if their first two children are girls, and they can choose to resort to sex selection on the third
child to ensure the birth of a son. We assume a natural sex ratio of 105 boys for every 100 girls.
We further assume that half the parents resort to sex selection on the third child to ensure a male
birth, provided they do not already have a son. These assumptions imply a conditional sex ratio of
310 boys for every 100 girls — consistent with estimates of the conditional sex ratio among third-born
children with two older sisters in Armenia (Guilmoto, 2013; Schief et al., 2021). The free parameters of
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Table 3 Hypothetical sex ratios (number of boys per 100 girls) under different scenarios for stopping rules

Scenarios | Il 11}

Implied sex ratio at birth 110.0 113.6 110.7

this model are the conditional probabilities of having a third child given the gender of the first two
children.

We consider three scenarios for the conditional probabilities of having a third child given the gen-
der of the first two children. In the first scenario, the probability of having a third child is 0.5 for all
parents, irrespective of the gender of the first two children. The second scenario introduces sex-biased
fertility stopping. In our data, Armenian, Georgian and Azeri parents whose first two children are girls
are 1.75 times more likely to be recorded with a third child than parents from the same countries
whose first two children are boys. Motivated by these numbers, we increase the probability of having
a third child from 0.5 to 0.875 for parents without a son. As a consequence, average fertility is also
higher in scenario 2 than scenario 1. Finally, in the third scenario, we consider a case without sex-
biased fertility stopping but the same average fertility as in the second scenario. To achieve this, we
set the probability of having a third child to 0.59 for all parents.

Table 3 reports the sex ratio at birth in each of these scenarios. Notably, the sex ratio is largest in the
second scenario where it reaches almost 114 boys for every 100 girls. This sex ratio is consistent with
estimates for Armenia during the late 1990s and early 2000s. It therefore seems plausible that the mag-
nitude of the son preferences inferred from the observed fertility choices in our data can rationalise the
increase in the sex ratio during the 1990s following the introduction of sex selection technology in the
Caucasus. Admittedly, however, this stylised model needs to be interpreted with caution, as it relies on
strong assumptions. It is likely, for example, that the possibility of sex selection would also change the
conditional probability of deciding to have third child.

Interestingly, our results also support — tentatively — one of the key hypotheses of gene-culture
coevolution, namely the claim that cultural evolutionary processes can reshape selection on genes in
ways that would not otherwise occur (Richerson & Boyd, 2008). If distorted sex ratios are a manifestation
of the same son-biased culture that we identify in Soviet-era Russia, then gene-culture coevolutionary
models suggest that the culturally evolved choices behind these biased sex ratios can generate selection
pressures on the genes that influence the primary sex ratio at fertilisation (Kumm et al., 1994; Laland
et al., 1995; Kumm & Feldman, 1997). In particular, as sex ratios at birth started to climb in the
1990s, families were setting the stage for an excess of marriageable men and a shortage of marriageable
women in the 2020s. They were setting the stage for a system out of equilibrium from the perspective of
natural selection and the associated primary sex ratio it favours.

Why do Armenia, Georgian and Azeri parents have strong son preferences? While our paper leaves
this question ultimately unanswered, it provided helpful clues in the quest to explain the phenomenon
of son bias in the Caucasus. Whatever the origin of son biased fertility preference in the Caucasus, our
analyses strongly suggest that it has little to do with the events associated with the dissolution of the
Soviet Union. The falling apart of an established economic and political order and the social upheaval
that went along with that surely affected preferences and norms and may have left a lasting mark on
the culture in these societies. However, strong son bias appears to predate the 1990s, and the search for
a satisfactory explanation should therefore be focused on earlier history.
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