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1 Introduction

Why do some cultures and their associated values go extinct while others prevail? An-
swering this question is key to understanding the global patterns of cultural diversity
and the forces that shape them. Cultural extinction can result from the physical loss
of a population, the collapse of a social group, or the abandonment of culture-specific
practices (Boyd and Richerson, 1988; Zhang and Mace, 2021). These processes, in turn,
may be driven by internal dynamics within a group, inter-group competition, or some
combination of the two (Zhang and Mace, 2021). In this paper, we show that a society’s
risk of cultural extinction is shaped by its deeply rooted gender norms.

Studying cultural extinction poses a fundamental empirical challenge: lost cultural
groups are difficult to identify, and their extinction is hard to measure systematically.
We address this challenge by using languages as the unit of observation and language
extinction as a proxy for cultural extinction. Language is a primary carrier of culture,
transmitted intergenerationally within populations, and often used to define cultural and
ethnic boundaries. The loss of a language represents the disappearance of a fundamental,
irreplaceable cultural asset. The scale of this loss in the modern era is unprecedented:
nearly half of the world’s approximately 7,000 languages are endangered or already ex-
tinct (Eberhard et al., 2024), with projections suggesting that up to 50% could vanish
in the next century (Crystal, 2002). Like cultural extinction, language loss occurs when
a speaking population disappears entirely (as seen with certain Indigenous groups in the
Americas), undergoes voluntary or forced assimilation into a dominant culture (such as
Cornish speakers shifting to English), or faces some combination of these pressures (Nettle
and Romaine, 2000).

The historical roles of men and women are a central feature of culture that reflects
structural aspects of a society’s economic and institutional organization. Our male dom-
inance index (MDI) (Guarnieri and Tur-Prats, 2023) captures this concept, drawing on
ten ancestral ethnic characteristics from the Murdock Ethnographic Atlas (EA) relating
to subsistence activities and family arrangements that have historically shaped the role of
men and women in society and the economy. Our hypothesis is motivated by the striking
empirical pattern shown in Figure 1: language extinction is most prevalent among the
world’s most gender-equal groups, suggesting that gender structure may play a crucial
yet overlooked role in the process of cultural evolution.
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Why might gender structure influence a society’s chances of survival? First, it may
correlate with deep-rooted geographical factors that shape development — gender-equal
groups, for instance, tend to be concentrated closer to the Equator, which itself corre-
lates with lower economic development. Second, gender structure may co-evolve with
societal traits that affect long-term survival, such as population size. Third, they can
shape inter-group dynamics, influencing a group’s expansionist tendencies or its resilience
against external threats—male-dominant groups, for instance, may be more likely to de-
velop stronger institutional capacity. Building on this framework, we empirically examine
whether and how gender structure impacts the cultural extinction of human societies by
considering two key dimensions: the absolute level of male dominance within a cultural
group and its relative male dominance compared to competing cultures.

To this end, we assemble a novel dataset that combines information on languages and
their status from the Ethnologue (Lewis, 2014) with the gender structure of the societies
speaking those languages, captured by the male dominance index (MDI) (Guarnieri and
Tur-Prats, 2023). To assign a level of male dominance to each linguistic group, we follow
the methodology of Bahrami-Rad et al. (2021), which links languages to ethnic groups in
the Murdock EA based on their proximity in the linguistic tree. With this data at hand,
we begin by regressing an indicator of whether or not a language is extinct on the MDI.
We find that more male-dominant societies are significantly less likely to have experienced
language extinction: a one standard deviation increase in male dominance is associated
with an 8.6 percentage points decrease in the likelihood of cultural extinction.

Gender roles are likely shaped by fundamental determinants of comparative develop-
ment and may co-evolve alongside other historical and institutional arrangements that
shape a society’s chances of survival. To examine whether gender structure influence ex-
tinction independently of these factors, we enrich our data with a large set of geo-climatic
characteristics at the language level—including absolute latitude, elevation, ruggedness,
distance to the coast, caloric suitability, disease environment, and natural disaster exposure—
as well as historical determinants of economic development, such as historical conflict,
settlement patterns, and political complexity. The relationship between male dominance
and extinction remains remarkably strong and significant after sequentially including these
controls. Our results are also robust to the inclusion of country fixed effects—which absorb
the influence of national history and institutions—alternative measures of male dominance
and extinction, the inclusion of additional controls, and a sample restricted to Indigenous
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languages.

A culture’s survival is not determined in a vacuum. Cultural groups interact and
compete, and through this contact some cultures perish while others endure. To study
how inter-group relationships influence cultural extinction in modern history, we focus on
European colonization as a historical natural experiment. This large-scale shock exposed
most non-European groups in the world to a new competing dominant culture. Yet, there
remains variation in the status of Indigenous cultures subjected to a given colonizer:
some cultures survived, while others did not. This provides us with an ideal setting to
test whether a group’s cultural norms relative to those of a competing culture influence
its likelihood of extinction.

In a dyadic framework, we relate each Indigenous language to its colonizer and find that
a greater absolute distance in male dominance between the colonizer and the Indigenous
group increases the latter’s likelihood of extinction. Importantly, we find that cultural
distance in male dominance from the colonizer—i.e., a group’s degree of male dominance
relative to a competing culture—is a stronger predictor of an Indigenous group’s extinc-
tion than the absolute level of male dominance of either the Indigenous group itself or the
colonizer, underscoring the importance of inter-group contact as a driver of extinction.
Exploring this association further, we find that extinction is driven by a specific asymme-
try: it is concentrated in cases where the Indigenous language is more gender equal than
the colonizer, a finding that holds after the inclusion of colonizer fixed effects.

We then delve into the interpretation of our findings. We first address the possibility
that group size at colonial contact confounds our results. Larger pre-contact populations
may have provided a demographic buffer against epidemic mortality and colonial pressure
(Thornton, 1987), and if more gender-equal groups were systematically smaller, this alone
could be driving our findings. Since comprehensive data on the size of Indigenous groups
at contact is unavailable globally, we develop and validate a proxy combining gridded
historical population estimates with the geographic distribution of (existing and extinct)
Indigenous languages. We find that group size at contact is positively correlated with
male dominance and is itself a significant predictor of cultural survival. Crucially, how-
ever, controlling for group size leaves the MDI coefficient largely unchanged, both in the
absolute male-dominance specifications and in the dyadic analysis.

Since male dominance is itself a core component of culture, a natural question arises:
is cultural extinction driven by a mismatch in gender structure specifically, or by a more
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general cultural incompatibility? To address this, we compute the linguistic distance
between colonizer and Indigenous groups—a broadly-used proxy for cultural distance—
and test whether it predicts cultural extinction. We do not find any significant effect.
However, when both linguistic distance and male-dominance distance are included simul-
taneously, the latter retains its magnitude and statistical significance, suggesting that
gender structure carries explanatory power beyond what general cultural distance can
account for.

A natural competing explanation for our results is that differences in political power—
rather than male dominance—drive cultural extinction, as more hierarchically organized
and centralized groups may hold decisive military advantages over less politically com-
plex ones (Zhang and Mace, 2021). We test this in two complementary ways. First, we
focus on political complexity from the Ethnographic Atlas, a widely-used indicator for
pre-colonial institutions and state capacity (Gennaioli and Rainer, 2007; Michalopoulos
and Papaioannou, 2013; Mayshar et al., 2022). In our sample, the political complexity of
the colonizers is always higher than that of Indigenous groups. As expected, distance in
political complexity is positively related to extinction. Yet when entered jointly with dis-
tance in male dominance, the coefficient on political complexity attenuates substantially
in both magnitude and significance, while the effects of male dominance remain largely
unchanged.

Second, to allow for a more systematic comparison with our main index, we construct
a Political Dominance Index (PDI) based on the first principal component of pre-colonial
political complexity, history of slavery, and class stratification from the Ethnographic At-
las. The PDI reflects the degree to which political power is concentrated in the hands of
a select few. The PDI results follow the same pattern: absolute distance in political dom-
inance predicts extinction on its own, but loses explanatory power once male dominance
is accounted for, while the male-dominance coefficients stay stable. These results suggest
that political and male dominance are both predictors of cultural extinction, yet they
capture distinct dimensions of pre-colonial social organization. That gender structure
retain their explanatory power even after accounting for political dominance implies that
they carry information about cultural extinction beyond what is explained by political
hierarchy or the concentration of power more broadly.

These results point toward a gender-based explanation for cultural extinction. To bet-
ter understand why a more pronounced mismatch in gender structure between colonizer
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and Indigenous group results increases the likelihood of cultural extinction, we draw on
historical narratives and theories from adjacent social sciences. Philosopher Maria Lu-
gones places gender at the center of any account of colonialism’s consequences, arguing
that “understanding the place of gender in pre-colonial societies is pivotal to understand-
ing the nature and scope of changes in the social structure that the process constituting
colonial/modern Eurocentered capitalism imposed [...]” (Lugones, 2016, p.16). Focusing
on the impact of colonization on Native American groups, Paula Gunn Allen describes
how European missionaries and colonizers were unwilling to tolerate women occupying
prominent positions, arguing that “the physical and cultural genocide of American Indian
tribes is and was mostly about patriarchal fear of gynocracy” (Allen, 1992, p.19).

European colonizers not only brought their institutions and technology, but also im-
ported their male-dominant social and economic structure into the territories they col-
onized. As documented by Perdue (1998) for the Cherokee, this took concrete form:
colonizers required men to replace women as farmers, undermined the principle of ma-
trilineal kinship, outlawed polygamy, and imposed the nuclear family structure, among
other policies aimed at “civilizing” the Cherokee people. These disruptions are likely to
have contributed to the breakdown of the most gender-equal Indigenous societies, erod-
ing their social fabric and destabilizing their economies, ultimately rendering them more
vulnerable to cultural extinction.

This paper contributes to various strands of literature. By proposing and empirically
testing a novel hypothesis on the determinants of language extinction, we add to the
interdisciplinary scholarship on language loss (Nettle and Romaine, 2000; Crystal, 2002;
Austin and Sallabank, 2011; Fishman, 1991; Fernihough et al., 2024; Blouin and Dyer,
2022). Our systematic, global analysis of language extinction expands the scant empirical
analyses on this phenomenon (Bromham et al., 2022; Amano et al., 2014; Kik et al.,
2021). We identify historical male-dominance as a key driver of language extinction and
demonstrate that mismatches in gender structure with a dominant group place more
gender-equal societies at heightened risk of linguistic extinction.

More broadly, our paper contributes to the literature on the deep historical roots of
gender relations and their far-reaching consequences for social and economic life (Giuliano,
2018, 2020). Research in this tradition has shown that historical differences in subsistence
activities and kinship structures have shaped the division of labor, customs and norms
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around women’s chastity, and competitive behavior along gender lines in ways that persist
to this day (Alesina et al., 2013; Becker, 2022; Gneezy et al., 2009). Our MDI builds
directly on this logic, and our findings extend this literature in a new direction: we show
that the degree of male dominance not only shapes economic and social outcomes within
societies, but also determines which societies survive.

Our paper also speaks to a growing body of work on cultural transmission and evolu-
tion. Research in economics builds on models of social learning and cultural socialization
to study how norms and values emerge, persist, and change (Boyd and Richerson, 1985;
Bisin and Verdier, 2001, 2025; Henrich, 2016). This has generated a rich literature exam-
ining the formation of cultural groups (Ahlerup and Olsson, 2012; Michalopoulos, 2012),
the evolution of cultural values within existing groups (Giuliano and Nunn, 2021; Gi-
avazzi et al., 2019; Bisin and Verdier, 2000; Abramitzky et al., 2020; Fouka, 2020), and
the determinants of intragroup cultural heterogeneity (Galor et al., 2024). Evolutionary
anthropology, however, underscores that cultural evolution cannot be understood without
accounting for cultural loss (Boyd and Richerson, 1985; Henrich, 2004). Cultural group
selection theory, in particular, raises fundamental questions about how distinct groups
fare when they compete (Henrich, 2004, 2016). While these questions have been explored
theoretically, we provide the first global empirical analysis of the disappearance of es-
tablished cultural entities and the conditions under which they go extinct. Our findings
carry far-reaching implications for understanding the forces shaping contemporary levels
of ethnolinguistic diversity and the intergenerational transmission of cultural traits.

Finally, our paper contributes to the literature on the consequences of European col-
onization. While the economic and institutional effects of colonization have been exten-
sively examined in the economics literature (Acemoglu et al., 2001; Dell, 2010; Michalopou-
los and Papaioannou, 2016), its influence on the world’s cultural landscape remains far
less understood. We show that the cultural survival of Indigenous groups was shaped by
the extent to which their level of male dominance diverged from that of the colonizing
culture. In doing so, we provide the first empirical evidence highlighting the central role
of gender relations in determining the cultural outcomes of European colonization.

2 Conceptual Framework and Hypotheses

Linguists have identified multiple causes of language endangerment and eventual extinc-
tion (Nettle and Romaine, 2000; Crystal, 2002; Austin and Sallabank, 2011). These causes
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can be broadly categorized into internal factors—arising within the language-speaking
community—and external factors—resulting from contact with other linguistic groups.
Often, these factors interact in complex ways, making it difficult to isolate a single cause.

At the language-group level, natural catastrophes, famine, and disease can severely
reduce populations, displace communities, and contribute to cultural collapse.1 More
commonly, language endangerment arises from contact with other linguistic and cultural
groups. These inter-group dynamics often create a power imbalance between a dominant
and a threatened cultural group. The cultural, political, and economic dominance of the
more powerful group can prompt a language shift within the threatened group through
various channels, including national policies such as language bans or the denial of political
representation. More extreme drivers of language or cultural extinction involve war,
genocide, repression, or forced displacement.2

We argue that gender structure plays a role in both the internal and external factors
that drive cultural extinction. Specifically, we hypothesize that: (i) societies with more
gender-equal structures are more susceptible to cultural extinction, and (ii) the greater
a society’s gender equality relative to a competing culture, the higher its likelihood of
cultural extinction.

Gender structure can matter for the internal dynamics that shape a group’s survival in
two ways. First, the degree of male dominance within a society might correlate with, or
result from, structural factors that influence economic development and thus a society’s
survival prospects. Gender structure may be shaped by ecological and geo-climatic condi-
tions, as well as exposure to natural disasters and environmental shocks, all of which can
directly promote or hinder development. For instance, more gender-equal societies tend
to be concentrated closer to the Equator; at the same time, distance from the Equator
correlates with economic performance (Gallup et al., 1999; Hall and Jones, 1999). Sec-
ond, male dominance may co-evolve with, or favor, societal traits that affect long-term
survival. Specifically, male-dominant societies may sustain larger populations, develop
institutional and military capacity, or other cultural traits that reinforce the intergenera-
tional transmission of language, reducing the likelihood of cultural extinction.

1Austin and Sallabank (2011) mention the case of the Malol in Papua New Guinea and the populations
inhabiting the Andaman Islands, devastated by massive tsunamis in 1998 and 2004, respectively. The
resulting destruction, loss of life, and population displacement contributed to the extinction of their
language.

2For instance, the colonial genocide in Tasmania led to the almost total annihilation of their Indigenous
population.
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Gender structure can also shape extinction via inter-group dynamics. More gender-
equal societies might be more susceptible to the negative consequences of disruptive inter-
group relationships, including colonization, economic and cultural exclusion, or war. In
these contexts, gender-equal groups may be more prone to assimilation, subjugation, and
eventual cultural extinction. For instance, research demonstrates that male-dominant
groups are more likely to use sexual violence in conflict, especially against more gender-
equal opponents (Guarnieri and Tur-Prats, 2023).

We take these hypotheses to the data and test whether (i) the absolute level of male
dominance of a cultural group is associated with its likelihood of extinction, net of known
geographical, ecological, and institutional factors relevant for comparative development;
and (ii) extinction is shaped by a group’s relative male dominance compared to a com-
peting culture. To test this second hypothesis, we leverage the European colonization, a
natural experiment of modern history that exposed the majority of non-European groups
in the world to a new, dominant competing culture.

3 Data

To study the relationship between gender structure and cultural extinction, we build a
novel dataset at the language-country level combining information on language vitality,
male dominance, geo-climatic characteristics and historical arrangements.

3.1 Languages and their Status

We begin by obtaining a list of all known human languages from the ISO 639-3 database
curated by SIL International. Every “distinct human language that has been documented,
whether living, extinct, or constructed, and whether its modality is spoken, written or
signed” (SIL International, 2023) is uniquely identified by a three-letter code, with a total
of 8,552 entries in the database. ISO 639-3 defines language boundaries based not only on
linguistic criteria (e.g., intelligibility), but also considerations pertaining to shared versus
distinct ethnolinguistic identity among speakers, an appealing feature for the specific
purpose of this paper.3 Only so-called “full languages” are eligible to receiving a code, i.e.,
those that are used in a variety of domains and support communication across all genders

3In general, ISO 639-3 does not categorize dialects—defined as divergent varieties of a language with
which they share similar lexical, phonological or grammatical features—as separate entities.
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and all ages.4

To retrieve information on the status or vitality of languages and construct a measure
of cultural extinction, we exploit the Ethnologue database (Eberhard et al., 2024), one
of the most authoritative sources of information on languages. Building on the ISO 639-
3 classification, the Ethnologue assigns to each language spoken in a given country one
out of 13 possible values of the so-called Expanded Graded Intergenerational Disruption
Scale (EGIDS) (Lewis and Simons, 2017).5 The higher the value in the EGIDS scale, the
greater the disruption to the intergenerational transmission of the language.

Table A-1 illustrates the various categories a given language in a specific country can
belong to. Lower values are assigned to national languages (e.g., English in the United
States, Spanish in Mexico, Khmer in Cambodia, Swahili in Kenya) or languages that
are in vigorous use (e.g., Basque in Spain, Krio in Sierra Leone, Hindi in Nepal, Italian
in Argentina). Conversely, higher values indicate increasing degrees of endangerment.
We code a language in a given country as extinct if it belongs to one of the following
categories: nearly extinct, i.e, the only remaining users of the language are members of
the grandparent generation or older who have little opportunity to use the language (e.g.,
Dakota in Canada); dormant, i.e., languages that serve as a reminder of heritage identity
for an ethnic community but lack proficient speakers (e.g., Karuwali in Australia); and
fully extinct, i.e., languages that are no longer used and lack speakers retaining any ethnic
identity associated with them (e.g., Puquina in Peru).

3.2 Male Dominance and Other Ethnic Characteristics

Male Dominance. To assign a measure of male dominance to each language group, we
match languages to the male dominance index (MDI) developed by Guarnieri and Tur-
Prats (2023). This index is based on ancestral ethnic characteristics from the Murdock
Ethnographic Atlas, which describes cultural practices for more than 1,200 societies mea-
sured prior to industrialization and European contact. Informed by interdisciplinary lit-
erature on the origins of societal gender norms, Guarnieri and Tur-Prats (2023) select ten
key ethnic traits related to family arrangements, subsistence activities, and inheritance

4Based on this definition, avoidance languages, secret languages, ceremonial languages, play languages,
urban languages, youth languages, special-purpose languages are not within the scope of this classification
(SIL International, 2023).

5Because it does not cover ancient, constructed, and historical languages, the Ethnologue comprises
7,678 of the 8,552 languages listed in the ISO 639-3 database.
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patterns that have been associated with notions of gender equality or male dominance.
The more central the role of women in these domains in ancestral times, the more gender-
equal the cultural norms of a society.

The selected ethnic traits—matrilineality, polygyny, dependence on fishing, gathering,
non-herding animal husbandry, shifting agriculture, bride price, plough use, nuclear family
structure, and dependence on pastoralism—are combined into a single index using princi-
pal component analysis, with the first principal component serving as the male dominance
index (MDI). This component loads positively on traits traditionally associated with male
dominance and negatively on those linked to greater gender equality. Guarnieri and Tur-
Prats (2023) show that this index tallies well with survey-based, contemporary measures
of gender equality and inequality including female employment, son preferences, gender
attitudes, and domestic violence. Mean MDI in our main sample is 0.56 with a standard
deviation of 0.31.

Pre-Colonial Institutions. Information on historical societal characteristics comes from
the Ethnographic Atlas (EA). We construct an indicator of settlement patterns (nomadic
vs. sedentary) and a measure of pre-colonial political complexity (ranging from 0 to 4,
from no political authority beyond the community to large states). Following the same
procedure as for our MDI, we also compute a Political Dominance Index (PDI) at the
ethnic group level by taking the first principal component of political complexity, history
of slavery, and class stratification. The first principal component loads positively on all
three variables and explains 62% of the total variance, consistent with the interpretation
that it captures the concentration of political power in the hands of a select few.6 Mean
PDI in our colonization sample is 0.32 with a standard deviation of 0.25.

To assign the MDI and other ethnic characteristics to languages, we extend the method
proposed by Bahrami-Rad et al. (2021) to extinct languages. First, we use the D-PLACE
database, which maps 1,209 languages to 1,291 societies in the EA, to create what we
refer to as “direct links” between languages and EA groups. Languages directly linked to
an EA group receive the respective group’s value. To languages not directly linked to the
EA, we assign the MDI or pre-colonial institutions of their nearest direct link(s) in the
linguistic tree. Appendix B.1 describes this procedure in detail.

6The loadings for the first component are 0.6335 for political complexity, 0.6408 for class stratification,
and 0.4336 for slavery.
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3.3 Geo-climatic and Historical Covariates

To isolate the role of gender structure in explaining extinction, we enrich our dataset with
a large set of language-level geo-climatic and historical covariates. Information on the
locations where languages are spoken comes from the Ethnologue map, which provides
polygons for 7,626 living language-countries (or 6,425 distinct languages). For the remain-
ing languages not featured in the map, including extinct ones, we retrieve coordinates from
Glottolog (Hammarström et al., 2023) and other sources such as the Endangered Lan-
guages Project or the language descriptions provided by the Ethnologue.7 Additional
details on data sources and matching are described in the Appendix.

Geography and Caloric Suitability. We compute average elevation and ruggedness for each
language’s area using the GTOPO30 rasters (U.S. Geological Survey, 1996), distance to
the coast using Natural Earth’s (2010) coastline shapefiles, and average caloric suitability
using Galor and Özak’s (2016) index.

Climate, Disease Environment, Natural Resources, and Disasters. First, we build a mea-
sure of climate variability at the language level based on Mann et al.’s (2009) data on
average annual temperature anomalies from 500 to 1900, which range from -1.54 to 1.1.
Second, we compute the share of a language’s area located in a tropical climate using
the Köppen-Geiger map (Beck et al., 2018). Third, to capture a language’s disease en-
vironment, we take the average of Kiszewski et al.’s (2004) malaria index (which ranges
between 0 and 39) across a language’s area. Fourth, we measure the presence of natural
resources using the PRIO-GRID dataset and constructing a binary indicator equal to 1
if gold, petroleum, diamonds, or gemstones are present in a language’s polygon or radius
and 0 otherwise. Fifth, we use the EM-DAT database (Centre for Research on the Epi-
demiology of Disasters, 2023), which records the occurrence of natural disasters worldwide
since 1900, to quantify each language group’s exposure to such events.

Historical Conflict. Our measure of historical conflict relies on Miller’s (2022) Historical
Conflict Event Dataset and captures the number of battles a linguistic group was exposed
to from 1468 BC to the 18th century.

7For cases in which information on the language’s polygon is unavailable, we take a 0.25-degree radius
around the point location to compute the covariate averages. For estimating historical population at the
language level, we apply Voronoi polygons as described below.
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3.4 Identity of the Colonizer

Data on the identity of the colonizer comes from the Colonial Dates Dataset (COLDAT)
dataset (Becker, 2019) and is provided at the country level. This dataset allows us to
match every Indigenous language to its European colonizer. We assign to each colonizer
an MDI and other institutional characteristics through their corresponding ethnic group
in the Murdock EA.

3.5 Historical Population

Comprehensive data on the size of Indigenous groups at contact is not available at a
global scale. To address this, we develop and validate a proxy for group size at contact.
We combine gridded population estimates from the History Database of the Global En-
vironment (HYDE) with the geographic distribution of Indigenous languages, including
extinct ones, mapped via Voronoi polygons (see Figure A-3). HYDE provides gridded
population estimates at the century level from 10,000 BCE to 1700 CE, and at the decade
level thereafter. This allows us to match each group’s population estimate to the period
immediately preceding its first colonial contact date, which is provided at the country
level by COLDAT.

To validate our population proxy, we leverage variable EA202 in D-PLACE, which
captures ethnic group population in a given year for groups in the Murdock EA.8 For
comparability, we construct our Voronoi-HYDE estimate using HYDE population data
for the same decade as the D-PLACE’s variable. We then regress the D-PLACE measure
on our Voronoi-HYDE measure across a sample of more than 500 Murdock groups for
which both measures are available. The binned scatterplot in Figure A-4 illustrates a
positive relationship between the two measures. Table A-10 confirms this in a regression
framework: the coefficient on our estimated population measure is positive and highly
significant even after accounting for continent or country fixed effects. Taken together,
these findings validate the use of our Voronoi-HYDE measure as a proxy for Indigenous
group size at the time of first colonial contact.

8The population year does not coincide with the society’s year of observation (i.e., the focal year in
the Murdock EA), nor does it correspond to the society’s pre-colonial period.
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3.6 Summary Statistics

The unit of observation in the resulting dataset is a language-country. Our estimation
sample comprises 4,750 languages spoken in 172 countries (N=5,763). Table A-2 in the
Appendix reports summary statistics. 11 percent of the languages-country in our sample
are extinct according to our definition. Among these 596 languages (corresponding to
617 observations), 29 are “dormant” according to the EGIDS scale, 34 percent are “nearly
extinct” and 37 percent are fully “extinct.”

For a subset of dormant and extinct languages, the Ethnologue provides some informa-
tion on the timing of extinction, approximated by the death of the last known speaker.
Figure A-1 and A-2 in the Appendix show the distribution of extinctions over time, for
all the languages in the Ethnologue and for those in our estimation sample, respectively.9

As can be seen, most languages have disappeared over the last two centuries.

4 Male Dominance and Cultural Extinction

4.1 Empirical Strategy

To estimate the relationship between a society’s male dominance and its likelihood of
extinction, we estimate the following linear probability model:

extinctic = λMDIi + γ′Xic + ϵic (1)

where extinctic is an indicator equal to 1 if a language i in country c is nearly extinct,
dormant, or extinct, and 0 otherwise; MDIi is the Male Dominance Index, a continuous
variable ranging from 0 to 1 capturing the degree of male dominance of language i.10 Xic

is a vector of language-by-country control variables, encompassing a comprehensive set
of factors that could potentially confound the analysis. These controls are motivated by
existing literature linking them to economic development, ethnolinguistic diversity, and
societal collapse.

Geographical characteristics. Our first control is absolute latitude (or, equivalently,
distance to the Equator). Based on Gallup et al.’s (1999) and Hall and Jones’s (1999)

9Information on the timing of extinction is available for 383 out of 414 dormant or extinct languages
in our estimation sample.

10Notice that the MDI is specific to a language, not a language-country. This is because the unit
of observation in the Murdock Ethnographic Atlas, on which the MDI is based, is an ethnic group,
irrespective of whether the group is located in multiple countries or not.
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studies documenting a correlation between distance to the Equator and economic perfor-
mance, absolute latitude is commonly employed in comparative development literature
to account for geographic effects (see, e.g., Acemoglu et al. (2001); Michalopoulos (2012);
Rodrik et al. (2004)). We also control for distance to the coast and ruggedness to proxy
for trade access and isolation, factors that may underlie economic development (Nunn
and Puga, 2012; Gallup et al., 1999) as well as language extinction directly. Controlling
for elevation and the caloric suitability index allows us to account for confounders related
to agricultural productivity, another fundamental determinant of economic development
(Galor and Özak, 2016) and ethnic diversity (Michalopoulos, 2012).

Climate and disease. Nettle (1998) highlights that a key factor explaining the global
distribution of linguistic diversity is climate variability, due to its effect on the seasonality
of food production. Tropical climate and disease burden are linked to differential income
levels and growth through their impact on productivity and institutions (Gallup et al.,
1999; Acemoglu et al., 2001). We therefore add climate variability, tropical climate, and
the malaria index to our set of controls.

Natural resources and natural disasters. We employ an indicator for the presence of
natural resources (gold, petroleum, diamonds, or gems) and the log number of natural
disasters as controls. The presence of natural resources has been shown to influence
institutions, economic growth, and violence (Humphreys, 2005; Ploeg, 2011), factors that
may matter for cultural extinction as well. Moreover, the occurrence of natural disasters
is directly linked to a society’s risk of collapse (Diamond, 2011; Tainter, 1988).

Exposure to conflict. To account for a language’s exposure to historical conflict, we con-
trol for the log number of battles in a language’s polygon. Historical conflict shapes long-
run development through its effects on state formation and institutional quality (Tilly,
1992; Besley and Reynal-Querol, 2014). More directly, chronic intergroup warfare may
drive cultural extinction through population displacement, mass casualties, and the forced
assimilation of defeated groups.

Precolonial arrangements and institutions. Finally, to disentangle the role of cultural
norms in explaining extinction from that of institutions (Alesina and Giuliano, 2015;
Bisin and Verdier, 2017), we control for the ancestral political complexity of a society and
for its settlement patterns (i.e., sedentary vs nomadic), factors that may co-evolve with
gender relations and define societies’ development trajectories (see, e.g., the role of pre-
colonial ethnic institutions in influencing contemporary comparative regional development
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in African countries described by Michalopoulos and Papaioannou (2013)).11

We include these sets of controls sequentially, from the arguably most exogenous and
predetermined (e.g., geography) to the more endogenous ones, i.e., those that are likely
co-evolving with gender structure (e.g., exposure to historical conflict and pre-colonial
institutions). In the baseline specification, we cluster standard errors at the country level.

4.2 Results

Table 1 displays estimates of λ. We find a strong and significant relationship between
gender structure and the likelihood of extinction, confirming the visual pattern observed
in Figure 1: the more male dominant a society’s deep-rooted gender structure, the lower
its likelihood of extinction. Column 1 reveals that moving from the most gender equal to
the most gender-unequal society in our sample decreases the probability of extinction by
48 percentage points. Equivalently, a one standard deviation increase in male dominance
is associated with a 0.28 standard deviations lower likelihood of extinction.

This sizable estimate may be capturing not only the effect of male dominance, but also of
confounding factors that may correlate with gender structure and economic development.
For instance, it could be that gender-egalitarian relations have systematically emerged
from geographical features less conducive to long-run development, from the occurrence
of geo-climatic shocks putting societies at higher risk of extinction, or from the absence
of growth-inducing natural resources. If that was the case, our estimate would be picking
up the effect of these confounders; as such, we would expect the size and significance
of the MDI coefficient to be substantially affected by the inclusion of these factors as
controls. To the contrary, in columns 2-5 we find that the MDI remains a remarkably
strong predictor of extinction after netting out the effect of potential geographical and
geo-climatic confounders.

Similarly, gender structure may co-evolve with institutional or organizational features
of a society that may be crucial for its survival such as the degree of political complexity,
settlement patterns, or exposure to war. While acknowledging the presence of a potential
“bad controls” issue—given that these dimensions are arguably more endogenous—we
explore whether the MDI coefficient survives the inclusion of these controls. As can
be seen in columns 6 and 7, the estimate remains large and statistically significant: in

11Like the MDI, these controls are taken from the Murdock Ethnographic Atlas and are therefore
specific to a language (not a language-country).
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column 7, a one standard deviation increase in the MDI decreases the likelihood of cultural
extinction by 0.2 standard deviations.

Remarkably, the relationship between gender structure and extinction also holds when
comparing languages within the same country, as shown in Table 2. The effect is smaller in
magnitude compared to the baseline specification, but remains sizable: when including the
full set of controls, a one standard deviation increase in the MDI decreases the likelihood
of extinction by 0.1 standard deviations. Including country fixed effects allows us to
isolate the role of male dominance from that of national institutions, colonial history, or
policies common to all languages in a country.

4.3 Robustness

Each of the individual ethnic characteristics that form the MDI may affect cultural ex-
tinction directly and not (only) through gender structure. To assess whether the effect is
driven by individual ethnic traits rather than the MDI, we take two steps. First, in Table
A-4, we run a horse-race between the MDI and each ethnic trait and find that the MDI
remains a strong predictor of extinction. Second, we replicate our findings using an alter-
native measure of gender norms at the language level. Using folkloric texts, Michalopoulos
and Xue (2021) develop a measure of male dominance bias (MDB), which captures the
degree to which an ethnic-specific oral tradition describes men as more violent, less de-
pendent, less engaged in domestic affairs, and more physically active relative to women.
Michalopoulos and Xue (2021) show that this measure correlates with the historical and
contemporary role of women. Table A-5 displays a strong correlation between the MDB
and our MDI, further validating our measure of gender structure.12 In Table A-6, we find
that our main results hold when using the MDB rather than the MDI: the more male
dominant the oral tradition of a society, the less likely its cultural extinction.

Our results are robust to a large battery of additional checks. In Table A-7 we show that
results hold when restricting the sample to languages that are indigenous to a country
(columns 1 and 2), when employing an alternative methodology to match the MDI to
languages13 (columns 3 and 4), and when only focusing on languages that can be directly
matched to a Murdock ethnicity (columns 5 and 6). Because our MDI stems from ethnic
characteristics coded by an ethnographer who may have observed societies at different

12Conveniently, Michalopoulos and Xue (2021) provide the MDB at the Murdock ethnic group level.
13Appendix B.1 describes this alternative MDI in detail.
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points in time—and this, in turn, may be endogenous to a society’s survival or extinction—
we show that our estimates remain significant and large when controlling for the year in
which a given group is observed (columns 7 and 8).

Table A-8 shows that results also hold when employing wider or narrower measures of
extinction as dependent variables, i.e., one that includes shifting and moribund languages
(columns 1 and 2) and one that only considers fully extinct languages (columns 3 and 4),
respectively. Columns 5 and 6 remove from the sample languages that have gone extinct
before 1900 (and thus were less likely to be observed by ethnographers), while columns 7
and 8 show that results hold using a dataset collapsing the data to the language level.

Taken together, this set of results points to a robust and strong relationship between
gender structure and cultural extinction, operating over and above the confounding effect
of other societal-level factors that may matter for both the formation a society’s gender
structure and its cultural survival.

5 Distance in Male Dominance, Colonization, and Cultural Extinction

To further explore how societal gender structures influence cultural extinction in the
context of inter-group relationships, we exploit a natural experiment of modern history—
European colonization—which exposed the majority of non-European cultural groups to
a new competing dominant culture. Colonization is described by linguists as one of the
major causes of cultural extinction in recent times (Mufwene, 2002) and, according to
Lugones (2016), gender relations in pre-colonial societies are key for understanding the
scope of the social transformation enacted by European colonization:

Understanding the place of gender in pre-colonial societies is pivotal to under-
standing the nature and scope of changes in the social structure that the pro-
cesses constituting colonial/modern Eurocentered capitalism imposed. Those
changes were introduced through slow, discontinuous, and heterogenous pro-
cesses that violently inferiorized colonized women. The gender system intro-
duced was one thoroughly informed through the coloniality of power. Under-
standing the place of gender in pre-colonial societies is also pivotal in under-
standing the extent and importance of the gender system in disintegrating
communal relations, egalitarian relations, ritual thinking, collective decision
making, collective authority, and economies. —Maria Lugones (2016), The
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Coloniality of Gender, p. 16.

Among the Indigenous groups subjected to the same colonizer, there remains large
variation in the extent to which languages have undergone extinction. For instance, while
the Native American Keres language is still spoken in New Mexico by members of the
ethnic community, the Native American Piro language—which used to be spoken in the
very same region—is now extinct.

5.1 Empirical Strategy

To understand this variation, we restrict the sample to 3,931 Indigenous languages in 106
countries (N=4,346) affected by European colonization.14 Table A-3 presents summary
statistics for this sample. On average, the prevalence of extinction is higher compared
to that in the full sample of languages described in Table A-2, while the level of male
dominance is lower.

We relate each Indigenous language to their colonizer in a dyadic setting and consider
the role of cultural distance in male dominance in explaining extinction. We compute
the absolute difference in gender structure between each Indigenous language i and the
colonizer of its respective country c as follows:15

MDIDist
ic = |MDIi − MDIc|

Next, we estimate the following specification:

extinctic = θMDIi + δMDIDist
ic + ρ′Xic + ϵic (2)

where extinctic indicates whether language i indigenous to country c is extinct or
not, MDIi captures the Indigenous language’s gender structure, and MDIDist

ic is the just-
described distance in male dominance between Indigenous language i and colonizer c. Xic

indicates the full set of language-level controls discussed in section 4. This specification
allows us to compare the importance of the language’s absolute level of male dominance
in explaining extinction to that of the distance from the colonizer.

14The Ethnologue provides information on whether or not a language spoken in a country is Indigenous.
15Whenever a linguistic group was colonized by multiple colonial powers, we take the average MDI of

all the colonizers of a given country.
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To further explore the nature of the cultural clash, we then split the absolute distance
measure into two components and separately assess the role of (i) the Indigenous language
being more male dominant than the colonizer and (ii) the Indigenous language being less
male dominant (i.e., more gender equal) than the colonizer:

Language More MDIic =

{
|MDIi − MDIc| if MDIi > MDIc
0 otherwise.

Language Less MDIic =

{
|MDIi − MDIc| if MDIi < MDIc
0 otherwise.

To tease out the separate effect of these two distinct components of cultural distance,
we estimate the following:

extinctic = ωMDIi+ η1Language More MDIic+ η2Language Less MDIic+ ρ′Xic+ ϵic (3)

Next, we re-run the same specification controlling for the colonizer’s MDI (MDIc), rather
than the language’s MDI:

extinctic = µMDIc+ η1Language More MDIic+ η2Language Less MDIic+ ρ′Xic+ ϵic (4)

Alternatively, to isolate the role of cultural distance from that of the colonizer’s char-
acteristics, we include colonizer fixed effects, (τc) and thus leverage variation in cultural
distance among languages exposed to the same colonizer:

extinctic = η1Language More MDIic + η2Language Less MDIic + τc + ρ′Xic + ϵic (5)

In all specifications, we cluster the standard errors at the country level.

5.2 Results

Tables 3 and 4 present the results of these exercises. As can be seen in column 1 of
Table 3, there remains a strong and significant relationship between a language’s level of
male dominance and its likelihood of extinction in the sample of Indigenous languages
affected by European colonization. However, once including the absolute distance in
gender structure from the colonizer as a regressor in column 2, the estimate of θ (the
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coefficient on the language’s MDI) drops in magnitude and loses statistical significance.
The positive and significant estimate of δ indicates that the larger the cultural distance in
male dominance from the colonizer, the higher an Indigenous language risk of extinction,
suggesting that cultural distance is a stronger predictor of extinction than the language’s
absolute male dominance.

Columns 3 to 5 unpack this relationship, and separately assess the role of two distinct
clashes: one where the Indigenous group displays more gender equal relations than the
colonizer and vice versa. An interesting pattern emerges: a language’s risk of extinction
increases only whenever its gender structure is more egalitarian than that of the colonizer,
but not vice-versa. In both columns 3 and 5, the coefficient on Language More MDI
is either close to zero or negative, and never statistically significant. To the contrary,
in columns 4 and 5, the coefficient on Language Less MDI is large in magnitude and
statistically significant at the 5 percent level.

Similar patterns can be observed when controlling for the colonizer’s MDI or colonizer
fixed effects, as shown in Table 4. In column 1, we find a positive correlation between the
colonizer’s MDI and an Indigenous language’s risk of extinction. However, this coefficient
becomes small and insignificant once the absolute cultural distance in the MDI is included
in the specification in column 2. Again, columns 3 to 6 illustrate that the only positive
and significant coefficient is the one on Language more gender equal, which survives to the
inclusion of colonizer fixed effect, which net out the effect of colonizers’ characteristics in
explaining the cultural extinction of the Indigenous people they colonized.

5.3 Robustness

Our main results are robust to various tests, displayed in Appendix Table A-9. Findings
and inference are insensitive to only keeping the most exogenous controls (columns 1-2),
to robust standard errors (columns 3-4) and standard errors clustered at the language
level (columns 5-6), to an alternative matching procedure of the MDI (columns 7-8), to a
broader definition of extinction (columns 9-10), and to removing from the sample those
languages that have gone extinct before 1900 (columns 11-12).
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6 Interpretation and Mechanisms

The results shown thus far point to a gender-based explanation for cultural extinction: the
larger the mismatch in gender structure between colonizers and the colonized, the higher
the latter’s risk of cultural extinction. However, distance in male dominance may correlate
with other relevant distances from the colonizer that may, themselves, be responsible
for the extinction of certain Indigenous groups. In this section we explore alternative
competing explanations for our results, focusing on the group size at colonial contact,
and the role of other relevant cultural and institutional factors.

6.1 Group Size at Colonial Contact

Group size at colonial contact is considered an important determinant of societies’ sur-
vival chances in the aftermath of European colonization. For instance, Thornton (1987)
argues that larger pre-contact populations provided a demographic buffer against epi-
demic mortality. Therefore, group size at colonial contact may confound our estimates if
more egalitarian groups were systematically smaller.

In Table 5 we explore the role of group size at colonial contact in shaping cultural
survival. Column (1) shows that group size is positively correlated with our MDI. The
negative and significant coefficients of columns (2) and (3) show that group size at colonial
contact is also a significant determinant of extinction, a finding consistent with Thornton
(1987)’s argument that larger populations provided a demographic buffer against colonial
and epidemic exposure. Crucially, however, the relationship between male dominance and
cultural extinction survives the inclusion of group size at contact as control. Columns
(4)-(7) show that the MDI coefficient remains negative and statistically significant after
controlling for group size, both with and without colonizer fixed effects. Finally, Columns
(8) and (9) show that distance in male dominance—i.e., a language being more gender
equal than the colonizer—remains a powerful predictor of extinction even after controlling
for group size. Taken together, these results suggest that the effect of distance in gender
structure on extinction is not confounded by group size at contact.

6.2 Linguistic Distance

Gender relations are a significant component of culture, so cultural distance in male dom-
inance may be linked to broader cultural differences. These broader differences could
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explain the observed effects, rather than gender structure alone. To test this, we con-
struct a measure of linguistic distance, a well-established measure of cultural distance.
Since colonizers’ languages often belong to entirely different linguistic families than those
of Indigenous societies, the cladistic linguistic distance measure commonly used in the
literature is typically 1 for most colonized countries. To address this, we restrict our
sample to the Indigenous languages of India, Bangladesh, and Pakistan—three colonized
countries where linguistic distance from the colonizer varies. In these countries, 42 percent
of languages belong to the Indo-European family, the same as the colonizer’s language,
English. When running a horse-race between linguistic distance and distance in male dom-
inance, we find that male dominance remains the most powerful explanation for cultural
extinction, as shown in Table 6.

6.3 Pre-colonial Institutions

Second, we examine distances in pre-colonial institutional arrangements. If more hierar-
chical and centralized groups have an advantage in conquest due to, for example, greater
military capacity (Zhang and Mace, 2021), differences in political complexity could influ-
ence cultural extinction.

In a study closer to our setting, Cornell and Kalt (1995) examines post-colonial self-
governing institutions among Native American groups, finding that mismatches between
formal institutions and pre-colonial informal ones create barriers to economic develop-
ment. Since differences in gender structure may correlate with disparities in pre-colonial
institutions between language groups and their colonizers, our estimates may reflect the
mechanisms highlighted by Zhang and Mace (2021) and Cornell and Kalt (1995).

To test for this, we use the measure of political complexity from the Ethnographic
Atlas, a widely used proxy for pre-colonial institutions and state capacity (Gennaioli and
Rainer, 2007; Michalopoulos and Papaioannou, 2013; Mayshar et al., 2022). In Table
7, we find that, on its own, distance in political complexity predicts cultural extinction.
However, when distance in political complexity is included alongside with distance in male
dominance, the coefficient on distance in political complexity decreases in both magnitude
and significance, while our coefficient of interest remains largely unchanged.
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6.4 Political Dominance

As an alternative to political complexity alone, we construct a Political Dominance Index
(PDI) designed to more broadly capture the concentration of political and social power
in the hands of select few. The PDI is the first principal component of three variables
from the Ethnographic Atlas: pre-colonial political complexity, history of slavery, and
class stratification. While political complexity captures the hierarchical organization of a
polity and its state capacity, slavery and class stratification add the dimension of institu-
tionalized social inequality and subordination of certain groups to others (Michalopoulos,
2012; Lagerlöf, 2009). Together, these three variables capture not just the organizational
sophistication of a society, but the degree to which political and economic power is con-
centrated in the hands of a dominant group. Following the same procedure as with the
MDI, we take the first principal component as our summary index, which allows for a
direct comparison between the two indices.

Table 8 unpacks the role of political dominance vis-à-vis that of male dominance in
shaping cultural extinction. As expected, political dominance and male dominance are
positively correlated, as illustrated in column (1). Moreover, political dominance is itself
an important internal determinant of extinction: as can be seen in columns (2) and (3),
the more politically dominant a cultural group, the less likely its cultural extinction, even
after netting out the role of geographical and historical factors. Importantly, a horse-
race between the MDI and the PDI in columns (4) to (6) reveals that the relationship
between male dominance and cultural extinction remains large and significant, both with
and without colonizer fixed effects, while the size of the political dominance coefficient
more than halves.

We then move to analyzing clashes in political dominance versus male dominance be-
tween Indigenous groups and the colonizers. Column (7) shows that the absolute distance
in the PDI is a positive and significant predictor of cultural extinction. As with male dom-
inance, this effect reflects an asymmetry: column (8) shows that it is Indigenous groups
that were less politically dominant than their colonizers that face a significantly higher
extinction risk, while groups that were more politically dominant than their colonizers
do not. The coefficient on the latter is larger in magnitude but imprecisely estimated,
likely reflecting the rarity of such cases in the data.16 Column (9) enters distance in both

16Indeed, in our sample colonizers tend to be more politically dominant than the Indigenous groups
they encountered.
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political dominance and male dominance jointly. The coefficient on Indigenous groups be-
ing less politically dominant attenuates, while the coefficient on Indigenous groups being
more gender equal than their colonizers remains large and statistically significant.

Taken together, these tests suggest that political and male dominance are both pre-
dictors of cultural extinction, yet they capture distinct dimensions of pre-colonial social
organization. That male dominance retains their explanatory power even after accounting
for political dominance implies that male dominance carries information about cultural
extinction beyond what is explained by political hierarchy, state capacity, or the concen-
tration of power. Overall, the evidence is most consistent with a gender-based explanation
for cultural extinction. To shed light on the mechanisms behind these findings, we next
turn to historical narratives of cultural extinction.

6.5 Mechanisms: Historical Narratives

Why would a larger mismatch in gender structure between colonizers and Indigenous
groups predict cultural extinction? Paula Gunn Allen describes the physical and cultural
genocide of Indigenous American groups as follows:

The physical and cultural genocide of American Indian tribes is and was mostly
about patriarchal fear of gynocracy. The Puritans particularly, but also the
Catholic, Quaker, and other Christian missionaries, like their secular coun-
terparts, could not tolerate peoples who allowed women to occupy prominent
positions and decision-making capacity at every level of society. —Paula Gunn
Allen (1992). The Sacred Hoop: Recovering the Feminine in American Indian
Traditions, p.19.

Colonizers did not only import institutions and technology, they also imposed their
own male-dominant social structure, actively dismantling Indigenous gender arrangements
that conflicted with ti. As Theda Perdue (1998) illustrates, European colonizers, in their
efforts to “civilize” the Cherokee people, imposed that men replaced women as farmers,
undermined the principle of matrilineal principles, outlawed polygamy, and replaced the
extended family or kin-based network with the nuclear family structure. Similarly, Allen
(1992) describes how colonizers also undermined women’s political power:

Politics played an even greater role in the destruction of the Cherokee gy-
nocracy. [...] Cherokee women had the power to decide the fate of captives,
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decisions that were made by vote of the Women’s Council [...] During the
longtime colonization of the Cherokee along the Atlantic seaboard, the British
worked hard to lessen the power of women in Cherokee affairs. —Paula Gunn
Allen (1992). The Sacred Hoop: Recovering the Feminine in American Indian
Traditions, p. 61-62.

These dynamics were not limited to the Americas. Writing on colonial Nigeria Oyèrónke.́
Oyěwùmí (1997) documents how the British systematically excluded women from state
structures they had previously occupied, transforming what had been a gender-neutral
system of political power into an explicitly male-dominant one:

It was unthinkable for the colonial government to recognize female leaders
among the peoples they colonized, such as the Yoruba. [...] The transfor-
mation of state power to male-gender power was accomplished at one level
by the exclusion of women from state structures. This was in sharp contrast
to Yoruba state organization, in which power was not gender-determined. —
Oyèrónkè Oyěwùmí (1997). Invention of women: Making an African sense of
Western gender discourses, p. 124-125.

These accounts suggest a common mechanism: colonizers systematically dismantled
Indigenous gender arrangements that deviated from their own, eroding the social and
political foundations on which those cultures rested. The larger this mismatch, the more
disruptive the encounter, and the higher the likelihood of cultural extinction.

7 Conclusion

This paper examines the determinants of cultural extinction, measured by language ex-
tinction, with a particular focus on the role of the gender structure of a society. We
assemble a novel dataset that contains information on the language status together with
other characteristics of the language group, such as their degree of male dominance, geo-
climatic, and historical characteristics, among others.

Our empirical analysis establishes the relevance of gender structure, measured by the
male dominance index (MDI) (Guarnieri and Tur-Prats, 2023), as a strong and robust
predictor of language extinction. To further identify the role of gender structure as a
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determinant of cultural extinction, we exploit a major historical shock: European colo-
nization. In this setting, we construct a dyadic dataset in which we relate each colonizer
to the Indigenous groups they contacted, and show that the greater the disparity in male
dominance—particularly when the colonizer was more male-dominant than the Indigenous
group—the higher the likelihood of the Indigenous language extinction.

To assess whether other factors might better explain language extinction, we first show
that group size at colonial contact does not confound our results. We then test alternative
sources of cultural or institutional mismatch, including linguistic distance and differences
in pre-colonial institutions and political dominance. Our results do not support these
alternative explanations and consistently show that gender structure remains the key
explanatory factor.

We present several narratives that suggest that European colonizers imposed their own
social structures and gender roles to the Indigenous groups they contacted. As a conse-
quence of these actions, women’s role in governance and economic production diminished,
and traditional family structures and social orders were disrupted. We argue that this
might have played a crucial role in the extinction of Indigenous languages.

Historical events such as colonization and modern forces such as globalization and ur-
banization are not only redefining economic relations but also cultural interconnectedness
at a global scale. While substantial progress has been made in examining the economic ef-
fects of these global forces (for instance, Acemoglu et al. (2001) for the economic effects of
colonization), their implications for the world’s cultural landscape remain largely under-
explored. This study provides a first systematic investigation of the cultural consequences
of European colonization. Exploring the cultural impacts of other forms of inter-group
contact presents a promising avenue for future research.
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Figures and Tables

Figure 1: Male Dominance and Language Extinction

Notes: Each dot on the map represents a language. Darker shades of blue indicate higher degrees of male dominance of the society speaking the language based on Guarnieri & Tur-Prats’
(2023) Male Dominance Index (MDI). Red crosses indicate languages that have gone extinct.
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Figure 2: Summary Statistics

Notes: The histogram on the left displays the distribution of languages across categories in the EGDIS scale. The graph on the right illustrates the
average male dominance of languages in each category of the EGDIS scale.
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Table 1: Male Dominance and Language Extinction

Dependent variable: extinct (0-1)

(1) (2) (3) (4) (5) (6) (7)
MDI -0.48** -0.45*** -0.49*** -0.49*** -0.48*** -0.48*** -0.34***

(0.228) (0.156) (0.148) (0.146) (0.146) (0.148) (0.127)

Mean dep. var. 0.107 0.107 0.107 0.107 0.107 0.107 0.107

Observations 5763 5763 5763 5763 5763 5763 5763
Clusters 172 172 172 172 172 172 172
Adjusted R2 0.078 0.169 0.176 0.177 0.177 0.177 0.209

Geography ✓ ✓ ✓ ✓ ✓ ✓
Climate and disease ✓ ✓ ✓ ✓ ✓
Natural resources ✓ ✓ ✓ ✓
Natural disasters ✓ ✓ ✓
Exposure to war ✓ ✓
Pre-colonial institutions ✓

Notes: The unit of observation is a language in a country. Robust standard errors clustered at the country level are reported in parentheses.
*** p<0.01, ** p<0.05, * p<0.1. Magnitude (column 7): a one standard deviation increase in the MDI decreases the likelihood of extinction
by 0.2 standard deviations.
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Table 2: Male Dominance and Language Extinction within Countries

Dependent variable: extinct (0-1)

(1) (2) (3) (4) (5) (6) (7)
MDI -0.27*** -0.21** -0.21** -0.20** -0.19** -0.19** -0.16*

(0.092) (0.086) (0.085) (0.084) (0.083) (0.083) (0.084)

Mean dep. var. 0.107 0.107 0.107 0.107 0.107 0.107 0.107

Observations 5763 5763 5763 5763 5763 5763 5763
Clusters 172 172 172 172 172 172 172
Adjusted R2 0.298 0.307 0.309 0.309 0.310 0.310 0.311

Geography ✓ ✓ ✓ ✓ ✓ ✓
Climate and disease ✓ ✓ ✓ ✓ ✓
Natural resources ✓ ✓ ✓ ✓
Natural disasters ✓ ✓ ✓
Exposure to war ✓ ✓
Pre-colonial institutions ✓
Country fixed effects ✓ ✓ ✓ ✓ ✓ ✓ ✓

Notes: The unit of observation is a language in a country. Robust standard errors clustered at the country level are reported in
parentheses. *** p<0.01, ** p<0.05, * p<0.1. Magnitude (column 7): a one standard deviation increase in the MDI decreases
the likelihood of extinction by 0.1 standard deviations.
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Table 3: Distance in Gender Norms from the Colonizer and Cultural Extinction (I)

Dependent variable: extinct (0-1)

(1) (2) (3) (4) (5)
Language’s MDI -0.31** 0.00 -0.31** 0.06 0.07

(0.129) (0.204) (0.137) (0.231) (0.253)

Absolute distance in the MDI 0.32**
(0.153)

Language more male dominant 0.06 -0.21
(0.780) (0.787)

Language more gender equal 0.37** 0.38**
(0.173) (0.183)

Mean dep. var. 0.113 0.113 0.113 0.113 0.113

Observations 4346 4346 4346 4346 4346
Clusters 106 106 106 106 106
Adjusted R2 0.261 0.263 0.260 0.263 0.263

Language-level controls ✓ ✓ ✓ ✓ ✓

Notes: The unit of observation is a language in a country. The sample only includes countries that were
colonized and only languages indigenous to the country. Robust standard errors clustered at the country level
are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table 4: Distance in Gender Norms from the Colonizer and Cultural Extinction (II)

Dependent variable: extinct (0-1)

(1) (2) (3) (4) (5) (6)
Colonizer’s MDI 0.43* 0.08 0.41* 0.07 0.07

(0.219) (0.255) (0.220) (0.254) (0.253)

Absolute distance in the MDI 0.31**
(0.135)

Language more male dominant -0.69 -0.14 -0.04
(0.649) (0.702) (0.695)

Language more gender equal 0.31** 0.31** 0.29**
(0.132) (0.134) (0.121)

Mean dep. var. 0.113 0.113 0.113 0.113 0.113 0.113

Observations 4346 4346 4346 4346 4346 4346
Clusters 106 106 106 106 106 106
Adjusted R2 0.248 0.263 0.249 0.263 0.263 0.268

Language-level controls ✓ ✓ ✓ ✓ ✓ ✓
Colonizer fixed effects ✓

Notes: The unit of observation is a language in a country. The sample only includes countries that were colonized and only
languages indigenous to the country. Robust standard errors clustered at the country level are reported in parentheses. ***
p<0.01, ** p<0.05, * p<0.1.
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Table 5: The Role of Group Size at Colonial Contact

Dependent variable:

MDI extinct (0-1)

(1) (2) (3) (4) (5) (6) (7) (8) (9)
ln group population at contact 0.03*** -0.04** -0.02*** -0.02*** -0.02*** -0.02***

(0.007) (0.018) (0.008) (0.006) (0.006) (0.006)

Language’s MDI -0.34** -0.27** -0.32** -0.25**
(0.148) (0.128) (0.136) (0.117)

Language more male dominant -0.05 -0.06
(0.665) (0.671)

Language more gender equal 0.31** 0.24**
(0.136) (0.117)

Mean dep. var. 0.527 0.111 0.111 0.111 0.111 0.111 0.111 0.111 0.111
Observations 4289 4289 4289 4289 4289 4289 4289 4289 4289
Clusters 106 106 106 106 106 106 106 106 106
Adjusted R2 0.233 0.088 0.259 0.262 0.271 0.272 0.280 0.270 0.279

Language-level controls ✓ ✓ ✓ ✓ ✓ ✓ ✓
Colonizer fixed effects ✓ ✓ ✓ ✓

Notes: The unit of observation is a language in a country. The sample only includes countries that were colonized and only languages indigenous to the country. Robust
standard errors clustered by country are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table 6: Interpretation: Distance in Gender Norms vs Linguistic Distance

Dependent variable: extinct (0-1)

(1) (2) (3) (4) (5) (6)
Language’s MDI -0.34** -0.33**

(0.156) (0.154)

Language more male dominant 0.28 0.21 0.32
(0.583) (0.546) (0.547)

Language more gender equal 0.40** 0.40** 0.40**
(0.175) (0.176) (0.174)

Linguistic distance 0.03 0.04 0.03
(0.053) (0.047) (0.046)

Mean dep. var. 0.038 0.038 0.038 0.038 0.038 0.038

Observations 446 446 446 446 446 446
Adjusted R2 0.464 0.467 0.465 0.448 0.465 0.467

Language-level controls ✓ ✓ ✓ ✓ ✓ ✓
Country fixed effects ✓ ✓

Notes: The unit of observation is a language in a country. The sample only includes languages in India, Pakistan, and
Bangladesh. Robust standard errors are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table 7: Interpretation: Distance in Gender Norms vs Distance in Institutions

Dependent variable: extinct (0-1)

(1) (2) (3) (4)
Distance in political complexity 0.29*** 0.14*** 0.06*

(0.110) (0.039) (0.030)

Language more male dominant -0.14 -0.05
(0.685) (0.693)

Language more gender equal 0.32*** 0.29**
(0.122) (0.123)

Mean dep. var. 0.113 0.113 0.113 0.113

Observations 4346 4346 4346 4346
Clusters 106 106 106 106
Adjusted R2 0.088 0.255 0.268 0.267

Language-level controls ✓ ✓ ✓
Colonizer fixed effects ✓ ✓ ✓ ✓

Notes: The unit of observation is a language in a country. The sample only includes countries that
were colonized and only languages indigenous to the country. Language-level controls includes all
the baseline controls, with the exception of political complexity. Robust standard errors clustered
at the country level are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table 8: The Role of Political Dominance

Dependent variable:

MDI extinct (0-1)

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Language’s PDI 0.39*** -0.32** -0.25*** -0.11** -0.11***

(0.078) (0.152) (0.089) (0.043) (0.038)

Language’s MDI -0.49** -0.41** -0.37**
(0.196) (0.181) (0.161)

Absolute distance in PDI 0.22***
(0.072)

Language more politically dominant 0.43 0.47
(0.288) (0.282)

Language less politically dominant 0.29*** 0.17***
(0.104) (0.060)

Language more male dominant 0.80
(0.699)

Language more gender equal 0.38**
(0.164)

Mean dep. Var. 0.517 0.119 0.119 0.119 0.119 0.119 0.119 0.119 0.119

Observations 3959 3959 3959 3959 3959 3959 3959 3959 3959
Clusters 102 102 102 102 102 102 102 102 102
Adjusted R2 0.307 0.061 0.203 0.228 0.232 0.245 0.221 0.224 0.248

Language-level controls ✓ ✓ ✓ ✓ ✓ ✓ ✓
Colonizer fixed effects ✓ ✓ ✓ ✓

Notes: The unit of observation is a language in a country. The sample only includes countries that were colonized and only languages indigenous to the
country. Language-level controls includes all the baseline controls, with the exception of other institutions. Robust standard errors clustered at the country
level are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Appendix (Intended for Online Publication)

A Additional Figures and Tables

Figure A-1: Language Extinction by Decade: Full Ethnologue Sample

Notes: Based on information on 737 dormant or extinct language-countries (or 722 distinct languages) for which the
Ethnologue provides information on the timing of extinction. Dates are approximate and based on when the last known
speaker died.

Figure A-2: Language Extinction by Decade: Estimation Sample

Notes: Based on information on 386 dormant or extinct language-countries (or 383 distinct languages) in our estimation
sample for which the Ethnologue provides information on the timing of extinction. Dates are approximate and based on
when the last known speaker died.



Figure A-3: Language Voronoi Polygons

Notes: This map reports Voronoi polygons based on the geographic location (latitude and longitude) of 7,091 living and extinct Indigenous languages. These
polygons serve as the geographic unit to estimate Indigenous groups’ size at the time of first European colonial contact, by aggregating gridded population data
from HYDE to the Voronoi polygon level.
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Figure A-4: Estimated Population at First Colonial Contact: Measure Validation
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Notes: The figure shows the binned scatterplot of the natural log of estimated population at first colonial contact derived
from Voronoi polygons combined with HYDE data (x-axis) against the natural log of population reported in the D-PLACE
database (EA202 variable, y-axis) for a sample of 529 Indigenous groups. The correlation between the two variables is 0.53
(p-value < 0.001).
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Table A-1: EGIDS scale

Code Status Description
1 National The language is used in education, work, mass media,

and government at the national level.
2 Provincial The language is used in education, work, mass media,

and government within major administrative subdivi-
sions of a nation.

3 Wider Communication The language is used in work and mass media without
official status to transcend language differences across a
region.

4 Educational The language is in vigorous use, with standardization
and literature being sustained through a widespread sys-
tem of institutionally supported education.

5 Developing The language is in vigorous use, with literature in a
standardized form being used by some though this is
not yet widespread or sustainable.

6a Vigorous The language is used for face-to-face communication by
all generations and the situation is sustainable.

6b Threatened The language is used for face-to-face communication
within all generations, but it is losing users.

7 Shifting The child-bearing generation can use the language
among themselves, but it is not being transmitted to
children.

8a Moribund The only remaining active users of the language are
members of the grandparent generation and older.

8b Nearly Extinct The only remaining users of the language are members
of the grandparent generation or older who have little
opportunity to use the language.

9 Dormant The language serves as a reminder of heritage identity
for an ethnic community, but no one has more than sym-
bolic proficiency.

10 Extinct The language is no longer used, and no one retains a
sense of ethnic identity associated with the language.
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Table A-2: Main Sample: Summary Statistics

Mean St. dev. Min Max N
Extinct .1070623 .3092193 0 1 5763
MDI .560714 .1807009 0 1 5763
Absolute latitude 17.53934 14.5855 .0013047 72.44424 5763
Caloric suitability index 1278.923 737.623 0 5047.091 5763
Distance to the coast 1113.916 672.842 .1857294 3633.362 5763
Elevation 678.8337 770.7886 -7.346774 5676.803 5763
Ruggedness 190.5475 214.5474 0 1606.767 5763
Climate variability -.0343217 .2709756 -1.18 1.09 5763
Malaria index 7.121661 9.259626 0 37.54822 5763
Tropical climate .5422033 .4761784 0 1 5763
Any natural resource .4204407 .4936726 0 1 5763
Natural disasters (ln) .747786 1.265559 0 8.445052 5763
Historical battles (ln) .0941312 .4507724 0 5.932245 5763
Nomadic .1248653 .3155232 0 1 5763
Political complexity 1.232525 1.189775 0 4 5763
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Table A-3: Colonization Sample: Summary Statistics

Mean St. dev. Min Max N
Extinct .1134376 .3171635 0 1 4346
MDI .5253912 .1730611 0 .955752 4346
Absolute distance MDI .2696517 .1757715 .0009971 .8259152 4346
More male dominant .0023496 .0129028 0 .2112644 4346
Less male dominant .2673021 .178845 0 .8259152 4346
Absolute latitude 14.04495 11.92101 .0013047 69.87904 4346
Caloric suitability index 1202.884 710.0739 0 5047.091 4346
Distance to the coast 1086.542 682.759 .2632529 3633.362 4346
Elevation 604.3643 695.5915 -7.346774 5676.803 4346
Ruggedness 168.9336 199.0683 0 1606.767 4346
Climate variability -.035585 .2627683 -1.18 1.09 4346
Malaria index 8.511525 9.663244 0 37.54822 4346
Tropical climate .6343751 .4561198 0 1 4346
Any natural resource .4077312 .4914693 0 1 4346
Natural disasters (ln) .6738707 1.173431 0 6.932448 4346
Historical battles (ln) .0387038 .259327 0 3.7612 4346
Nomadic .1235324 .31807 0 1 4346
Political complexity 1.050394 1.087018 0 4 4346
PDI .3251358 .2526289 0 1 4125
Population size at contact (ln) 8.85447 2.424888 0 15.92227 4289
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Table A-4: Horserace: MDI vs Single Ethnic Traits

Dependent variable: extinct (0-1)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
MDI -0.50** -0.50*** -0.58*** -0.57*** -0.54*** -0.49** -0.20** -0.48** -0.81*** -0.59***

(0.220) (0.164) (0.196) (0.187) (0.184) (0.202) (0.103) (0.207) (0.204) (0.191)

Mean 0.107 0.107 0.107 0.107 0.107 0.107 0.107 0.107 0.107 0.107
dep. var.

Control: plough brideprice polygyny nuclear matrilineal fishing gathering pastoralism non-herding shifting
husbandry agriculture

Observations 5763 5763 5763 5763 5763 5763 5763 5763 5763 5763
Adjusted R2 0.175 0.190 0.178 0.176 0.175 0.176 0.238 0.175 0.198 0.190

Notes: The unit of observation is a language in a country. Each column includes pre-determined language-level controls (geography, climate, natural resources). Robust standard
errors clustered at the country level are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table A-5: Male Dominance Bias (Michalopoulos and Xue, 2021) and MDI

MDI

(1) (2) (3)
Male Dominance Bias 0.75*** 0.35*** 0.15**

(0.193) (0.102) (0.075)

Mean dep. var. 0.561 0.561 0.561

Observations 5666 5666 5666
Adjusted R2 0.079 0.335 0.496

Geography, climate, resources ✓ ✓
Disasters, war, pre-colonial institutions ✓

Notes: The unit of observation is a language in a country. Both the MDI and the Male Dominance
Bias are normalized and range between 0 and 1. Robust standard errors clustered at the country
level are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Table A-6: Male Dominance Bias and Cultural Extinction

Dependent variable: extinct (0-1)

(1) (2) (3) (4) (5) (6) (7)
Male Dominance Bias -0.31 -0.48* -0.51** -0.50** -0.50** -0.49** -0.31*

(0.296) (0.249) (0.248) (0.243) (0.241) (0.242) (0.180)

Mean dep. var. 0.107 0.107 0.107 0.107 0.107 0.107 0.107

Observations 5666 5666 5666 5666 5666 5666 5666
Clusters 172 172 172 172 172 172 172
Adjusted R2 0.004 0.132 0.133 0.135 0.138 0.139 0.196

Geography ✓ ✓ ✓ ✓ ✓ ✓
Climate and disease ✓ ✓ ✓ ✓ ✓
Natural resources ✓ ✓ ✓ ✓
Natural disasters ✓ ✓ ✓
Exposure to war ✓ ✓
Pre-colonial institutions ✓

Notes: The unit of observation is a language in a country. Robust standard errors clustered at the country level are reported in
parentheses. *** p<0.01, ** p<0.05, * p<0.1. Magnitude (column 7): a one standard deviation increase in the MDI decreases
the likelihood of extinction by 0.07 standard deviations.

8



Table A-7: Robustness (I)

only Indigenous languages only direct matches year of observation

(1) (2) (3) (4) (5) (6) (7) (8)
MDI -0.49** -0.34** -0.59** -0.51*** -0.48** -0.32***

(0.242) (0.133) (0.243) (0.157) (0.225) (0.121)

Alt. MDI -0.44** -0.31**
(0.217) (0.118)

Mean dep. var. 0.109 0.109 0.107 0.107 0.090 0.090 0.107 0.107

Observations 5452 5452 5763 5763 1096 1096 5740 5740
Clusters 167 167 172 172 144 144 172 172
Adjusted R2 0.081 0.219 0.074 0.208 0.140 0.250 0.087 0.216

Baseline controls ✓ ✓ ✓ ✓
Year of observation ✓ ✓

Notes: The unit of observation is a language in a country. Columns 1 and 2 only include indigenous languages of the country. Columns 3 and 4 employ
an MDI using an alternative matching procedure. Columns 5 and 6 only include languages that can be directly matched to the EA via the D-PLACE
database. Columns 7 and 8 control for the year in which the Murdock ethnicity was observed by the ethnographer. Robust standard errors clustered at
the country level are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table A-8: Robustness (II)

Dependent variable: dying (0-1) fully extinct (0-1) extinct (0-1)

extinct after 1900 language level
dataset

(1) (2) (3) (4) (5) (6) (7) (8)
MDI -0.34** -0.23* -0.21* -0.12** -0.46** -0.33*** -0.50*** -0.32***

(0.170) (0.132) (0.119) (0.054) (0.223) (0.125) (0.031) (0.033)

Mean dep. var. 0.177 0.177 0.039 0.039 0.102 0.102 0.122 0.122

Observations 5763 5763 5763 5763 5727 5727 4750 4750
Clusters 172 172 172 172 172 172
Adjusted R2 0.025 0.145 0.038 0.108 0.076 0.199 0.079 0.228

Baseline controls ✓ ✓ ✓ ✓

Notes: The unit of observation is a language in a country in columns 1-6 and a language in columns 7-8. Columns 1 and 2 use a dependent
variable that equals 1 if a language is dying (either shifting, moribund, nearly extinct or dormant in the EGIDS scale). Columns 3 and 4 use a
dependent variable that equals 1 if a language is fully extinct in the EGIDS scale. In columns 5 and 6 languages that have gone extinct before 1900
are removed from the sample. Columns 7 and 8 collapse the dataset at the language level. Robust standard errors are reported in parentheses,
clustered at the country level in columns 1-6. *** p<0.01, ** p<0.05, * p<0.1.
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Table A-9: Robustness (III)

Robustness: controls robust se cluster language alt. MDI alt. dep. var. extinct post 1900

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
Language’s MDI -0.01 0.02 0.02 0.17 0.04

(0.341) (0.094) (0.098) (0.309) (0.250)

Language more male dominant 0.45 0.44 -0.20 -0.17 -0.20 -0.17 -0.89* -0.72* -0.16 -0.12
(0.838) (0.658) (0.400) (0.391) (0.425) (0.415) (0.519) (0.405) (0.757) (0.685)

Language more gender equal 0.52** 0.53** 0.37*** 0.34*** 0.37*** 0.34*** 0.41 0.25** 0.38** 0.34**
(0.233) (0.211) (0.088) (0.032) (0.092) (0.033) (0.285) (0.119) (0.172) (0.146)

Colonizer’s MDI -0.01 0.02 0.02 0.03 0.17 0.04
(0.341) (0.094) (0.098) (0.261) (0.309) (0.250)

Language’s MDI (alt) 0.03
(0.261)

Language more male dominant (alt) -0.62 -0.59
(0.585) (0.475)

Language more gender equal (alt) 0.33* 0.30**
(0.183) (0.140)

Mean dep. var. 0.113 0.113 0.113 0.113 0.113 0.113 0.113 0.113 0.165 0.165 0.109 0.109

Observations 4346 4346 4346 4346 4346 4346 4346 4346 4346 4346 4321 4321
Clusters 106 106 3888 3888 106 106 106 106 106 106
Adjusted R2 0.224 0.224 0.262 0.262 0.262 0.262 0.258 0.258 0.175 0.175 0.255 0.255

Geography ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
Climate ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
Exposure to war ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
Pre-colonial institutions ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Notes: The unit of observation is a language in a country. Columns 1 and 2 only keep pre-determined, exogenous controls. Columns 3 and 4 report robust standard errors. Columns
5 and 6 cluster standard errors at the langauge level. Columns 7 and 8 employ an alternative MDI. Columns 9 and 10 use a dependent variable that equals 1 if a language is dying
(either shifting, moribund, nearly extinct or dormant in the EGIDS scale). In columns 11 and 12, languages that have gone extinct before 1900 are removed from the sample. Robust
standard errors are reported in parentheses, clustered at the country level when not otherwise indicated. *** p<0.01, ** p<0.05, * p<0.1.
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Table A-10: Estimated Population at Colonial Contact: Measure Validation

Dep. var.: ln population
(D-PLACE)

(1) (2) (3)
ln estimated population 0.56*** 0.53*** 0.46***
(Voronoi + HYDE) (0.039) (0.043) (0.054)

Observations 529 529 510
Adjusted R2 0.281 0.322 0.400

Continent FE ✓
Country FE ✓

Notes: The unit of observation is a Murdock group. The dependent variable is the
natural log of EA202 from the D-PLACE database, measuring the total population
of the ethnic group. The independent variable is our estimated group population,
constructed by overlaying the group’s language Voronoi polygon (see Figure A-3) onto
HYDE gridded population data for the decade of the D-PLACE population estimate
(the date of the estimate is recorded in the variable “year”). Robust standard errors
are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

B Data Appendix

B.1 Procedure to Match Languages to Murdock Ethnic Groups

In this section, we describe the procedure we adopted to match Ethnologue languages to
ethnic groups in the Murdock Ethnographic Atlas. The match is needed to assign a male
dominance index to languages, our unit of observation in the analysis.

To achieve this, we draw on the methodology developed by Bahrami-Rad et al. (2021).
As described in section 3, we start by employing the D-PLACE database (Kirby et al.,
2016), which maps 1,209 languages to 1,291 societies in the EA, to create what we refer
to as “direct links” between languages and EA groups. Languages directly linked to an
EA group receive the respective group’s MDI.

To languages not directly linked to the EA, we assign the MDI of their nearest direct
link(s) in the linguistic tree. Linguistic family trees provide genealogical classifications of
languages, i.e., they trace how contemporary languages evolved from a common ancestor;
languages sharing a common ancestor belong to the same linguistic family. We retrieve
information on linguistic trees from the Glottolog database (Hammarström et al., 2023).
Figure A-5 illustrates the linguistic tree of the Muskogean family, which comprises 7
languages.1 Languages, depicted in italics in the Figure, constitute the leaf nodes of the
tree.

1Note that the typical family includes many more languages; the largest family is the Atlantic-Congo
one, which embeds around 1,400 languages. In other cases, instead, languages have no genealogical
relationship with other languages, and are therefore called “language isolates.”
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Figure A-5: Example of Linguistic Tree

Notes: The figure illustrates the Muskogean linguistic fam-
ily tree. Languages are the leaf nodes of the linguistic tree,
and are indicated in italics. Source: https://glottolog.org/
resource/languoid/id/musk1252

For some of these languages, the D-PLACE database provides us with a direct coun-
terpart in the Murdock EA. Figure A-6 illustrates that four of the seven languages in
the Muskogean family (displayed in red) are directly linked to a Murdock ethnic group
(displayed in red and underscored).

Figure A-6: Direct Matches between Languages and Murdock Groups

Notes: The figure illustrates the Muskogean linguistic family tree. Lan-
guages are the leaf nodes of the linguistic tree, and are indicated in italics.
Languages that can be directly linked to a Murdock ethnic group are dis-
played in red. The name of the associated ethnicity is displayed in red
and underscored. Sources: https://glottolog.org/resource/languoid/
id/musk1252 and D-PLACE database (Kirby et al., 2016).

To match a Murdock group to the languages that remain unmatched, we rely on the
structure of the linguistic tree and take advantage of the fact that languages that lie
close in the tree are genealogically related and thus likely to be culturally similar one
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another. Based on this logic, to unmatched languages we assign the Murdock ethnic
group associated to the nearest direct link(s) employing the following procedure.

To each node of the linguistic tree—depicted in bold—we assign all the Murdock groups
directly linked to its child languages (if any). This procedure is illustrated in Figure A-7
below. As can be seen, the set of direct matches for the Alabaman-Koasati node is
empty, as no child language is directly linked to the Murdock EA.

Figure A-7: Assigning Murdock Groups to Nodes in the Linguistic Tree

Notes: The figure illustrates the Muskogean linguistic family tree. Lan-
guages are the leaf nodes of the linguistic tree, and are indicated in italics.
Languages that can be directly linked to a Murdock ethnic group are dis-
played in red. The name of the associated ethnicity is displayed in red and
underscored. The Murdock groups assigned to each node are displayed in
blue. Sources: https://glottolog.org/resource/languoid/id/musk1252
and D-PLACE database (Kirby et al., 2016).

Next, we take all unmatched languages and move up to each subsequent parent node
in the tree, until a non-empty set of matches is found. Figure A-8 below illustrates the
procedure for the Alabama language. We first move up to the Alabaman-Kosati node
(step 1); because no child language has a direct Murdock match, we move up another
node, the Muskogean one (step 2). As we encounter a non-empty set of matches, we
assign four Murdock groups to the Alabama language: Creek, Seminole, Chickasaw, and
Chocktaw (step 3).
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Figure A-8: Moving up the Tree to Identify Matches

Step 1

Step 2

Step 3

Notes: The figure illustrates the Muskogean linguistic family tree. Languages are the leaf nodes of the linguistic
tree, and are indicated in italics. Languages that can be directly linked to a Murdock ethnic group are displayed
in red. The name of the associated ethnicity is displayed in red and underscored. The Murdock groups assigned
to each node are displayed in blue. The Murdock groups assigned to an unmatched languages are in green
and underscored. Sources: https://glottolog.org/resource/languoid/id/musk1252 and D-PLACE database
(Kirby et al., 2016).

As can be noted by observing the relationship between the Alabama language and the
other languages in the family, some direct matches are “closer” to the Alabama language
than others. We therefore assign a distance score to each match based on how many
steps one needs to take in the linguistic tree to move from the unmatched language of
interest (Alabama, in this case) to each matched language (Chickasaw, Chocktaw, Creek,
and Mikasuri, in this case).

The respective scores are displayed in Figure A-9 below. To reach the Creek language,
for instance, one needs to take two steps: move up to the Alabaman-Koasati node (1st
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step) and then horizontally to the Creek language (2nd step); the same applies to the
Mikasuki language (and thus, the Seminole Murdock group). To reach the Chickasaw
language, one needs to take three steps: move up to the Alabaman-Koasati node (1st
step), horizontally to the Western Muskogean node (2nd step) and then down to the
Chickasaw language (3rd step); the same applies to the Choctaw language.

Figure A-9: Assigning a Distance Score to each Match

Notes: The figure illustrates the Muskogean linguistic family tree. Languages are the leaf nodes
of the linguistic tree, and are indicated in italics. Languages that can be directly linked to a
Murdock ethnic group are displayed in red. The name of the associated ethnicity is displayed in
red and underscored. The Murdock groups assigned to each node are displayed in blue. Sources:
https://glottolog.org/resource/languoid/id/musk1252 and D-PLACE database (Kirby et al.,
2016).

After establishing the Murdock matches and assigning a distance score to each of them,
we assign to the Alabama language an MDI. We construct two alternative MDIs for
languages like Alabama: a weighted average between the MDIs of the Creek’s, Semi-
nole’s, Chickasaw’s, and Chocktaw’s MDIs, where the Creek’s and Seminole’s MDIs re-
ceive higher weights (this is our preferred measure); or a simple average using only the
closest matches (in this case, Creek’s and Seminole’s MDIs only). The two measures are
highly correlated.
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B.2 Data Sources

Languages: Data on languages comes from the ISO 639-3 database. Every “distinct
human language that has been documented, whether living, extinct, or constructed, and
whether its modality is spoken, written or signed” (SIL International, 2023) is uniquely
identified by a three-letter code, with a total of 8,552 entries in the database.
Source: https://iso639-3.sil.org/

Language status: Data on the current status of languages comes from the Ethnologue
database (Eberhard et al., 2024). Building on the ISO 639-3 classification, the Ethnologue
assigns to each language spoken in a given country one out of 13 possible values of the
Expanded Graded Intergenerational Disruption Scale (EGIDS) (Lewis and Simons, 2017).
The higher the value in the EGIDS scale, the greater the disruption to the intergenera-
tional transmission of the language. See Table A-3 for an illustration of the scale.
Source: https://www.ethnologue.com/

Male Dominance: Information on language group’s gender norms comes from the male
dominance index (MDI) developed by Guarnieri and Tur-Prats (2023), who exploit in-
formation from the Murdock Ethnographic Atlas, which describes cultural practices for
more than 1,200 societies measured prior to industrialization and European contact. See
Guarnieri and Tur-Prats’s (2023) Online Appendix for details on the construction of the
MDI and the EA variables included therein. For a description of the procedure we adopted
to match the MDI to languages, please refer to Section B.1.
Sources: https://doi.org/10.7910/DVN/B3LJGQ

Latitude and Longitude: To match information on languages’ location, we first use the
Ethnologue map, which provides polygons for 7,626 living language-countries (or 6,425
distinct languages). We compute language’s latitude and longitude by taking the centroid
of each language’s polygon. For the remaining languages not featured in the map we re-
trieve the point coordinates from the Glottolog (Hammarström et al., 2023) and other
sources such as the Endangered Languages Project or the language description provided
by the Ethnologue.
Sources: Ethnologue Map, https://www.endangeredlanguages.com,
https://www.ethnologue.com/

Elevation and Ruggedness: Data on elevation and ruggedness at the language level
comes from combining the GTOPO30 rasters (U.S. Geological Survey, 1996) to the Eth-
nologue Map and languages’ geographic coordinates. We compute the average elevation
and ruggedness across each language polygon or a 0.25 degrees radius around the point
location for cases in which information on the language’s polygon is unavailable.
Source: https://www.usgs.gov/centers/eros/science/usgs-eros-archive-digital-
elevation-global-30-arc-second-elevation-gtopo30

Caloric Suitability: Data on caloric suitability at the language level comes from com-
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bining the Caloric Suitability Index Developed by Galor and Özak (2016) to the Eth-
nologue Map and languages’ geographic coordinates. We compute the average elevation
and ruggedness across each language polygon or a 0.25 degrees radius around the point
location for cases in which information on the language’s polygon is unavailable.
Source: https://ozak.github.io/Caloric-Suitability-Index/

Distance to the Coast: We compute each language’s distance to the coast using Natural
Earth’s (2010) coastline shapefiles combined with information on the location of languages.
Sources: https://www.naturalearthdata.com/downloads/10m-physical-vectors/10m-
coastline/

Climate Variability: The measure of climate variability at the language level comes
from Mann et al.’s (2009) data on the average annual temperature anomalies from 500 to
1900, which ranges from -1.54 to 1.1. We compute the average climate variability across
each language polygon or a 0.25 degrees radius around the point location for cases in
which information on the language’s polygon is unavailable.
Source: https://www.science.org/doi/10.1126/science.1177303

Tropical Climate: Data on climate comes from the Köppen-Geiger map (Beck et al.,
2018). To obtain a language-level measure of tropical climate, we compute the ratio of
a language’s area (or 0.25 degrees radius around the point location for cases in which
information on the language’s polygon is unavailable) located in tropical climate.
Sources: https://www.gloh2o.org/koppen/

Natural Resources: Information on the presence of natural resources comes from the
PRIO-grid dataset. We generate a binary indicator that equals to 1 if gold, petroleum,
diamonds, or gems resources are present in a language polygon/radius and 0 otherwise.
Sources: https://grid.prio.org/#/

Disease Environment: Information on language’s disease environment comes from
Kiszewski et al.’s (2004) malaria index, ranging between 0 and 39. We compute the
average malaria index across a language’s area or across a 0.25 degrees radius around the
point location for cases in which information on the language’s polygon is unavailable.
Source: https://pubmed.ncbi.nlm.nih.gov/15155980/

Natural Disasters: Information on the occurrence of natural disasters comes from the
EM-DAT database (Centre for Research on the Epidemiology of Disasters, 2023), which
records the occurrence of natural disasters worldwide since 1900. We compute the number
of natural disasters that occurred within each language polygon or 0.25 degrees radius.
Source: https://www.emdat.be/

Historical Conflict: Data on language’s exposure to historical conflict comes from
Miller’s (2022) Historical Conflict Event Dataset. We compute the number of battles
a linguistic group was exposed to from 1468 BC to the 18th century using language’s
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polygons/radius.
Sources: https://journals.sagepub.com/doi/suppl/10.1177/00220027221119085/suppl_
file/sj-zip-2-jcr-10.1177_00220027221119085.zip

Settlement Patterns: Data on languages’ settlement patterns (nomadic vs sedentary)
comes from the Murdock EA, variable v30. For a description of the procedure we adopted
to match the Murdock EA to languages, please refer to Section B.1.
Source: https://nathannunn.sites.olt.ubc.ca/files/2022/02/ethnographic_atlas_
final.dta_.zip

Political Complexity: Data on languages’ pre-colonial political complexity (ranging
from 0 to 4, from no political authority beyond the community to large states) comes
from the Murdock EA, variable v33. For a description of the procedure we adopted to
match the Murdock EA to languages, please refer to Section B.1.
Sources: https://nathannunn.sites.olt.ubc.ca/files/2022/02/ethnographic_atlas_
final.dta_.zip

European Colonizer’s Identity and Colonizer’s Gender Norms: Data on the
identity of the colonizer for each Indigenous language affected by European colonization
comes from the Colonial Dates Dataset (COLDAT) dataset (Becker, 2019). We assign
to each colonizer a measure of male dominance via the colonizer’s language. Whenever a
linguistic group was colonized by multiple colonial powers, we take the average MDI of
all the colonizers of a given country.
Sources: https://doi.org/10.7910/DVN/T9SDEW

Male Bias: Data on an alternative measure of gender norms comes from Michalopoulos
and Xue’s (2021) male dominance bias (MDB) provided at the Murdock ethnic group
level. For a description of the procedure we adopted to match the Murdock EA to lan-
guages, please refer to Section B.1.
Sources: https://doi.org/10.7910/DVN/IXOHKB

Group Size at Colonial Contact: Our estimated measure of group size at colonial
contact is based on the HYDE 3.2 database. For a description of the procedure we
adopted to construct this measure, please refer to Section 6.1.
Source: https://archaeology.datastations.nl/dataset.xhtml?persistentId=doi:
10.17026/DANS-25G-GEZ3&version=2.0
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