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Abstract 
 

The unprecedented scale of cultural extinctions, greatly exceeding the rate 

of creation of new cultures, is widely appreciated in evolutionary human sciences; 

yet few studies examined the phenomena with empirical data. Many aspects of 

culture leave no trace in history, making it difficult to measure and assess how 

cultural diversity changed over time. Cultural traits have functional significance 

and hence a behavioural ecological approach can help us understand their 

prevalence and loss. This thesis aims to examine cultural diversification and 

extinction processes empirically, using phylogenetic comparative methods at the 

macro-evolutionary level and applying the behavioural ecology framework at the 

micro-evolutionary level. Chapter 2 reviews phylogenetic comparative methods, 

their applications, recent developments, and potential pitfalls. Chapter 3 and 4 

reconstruct the macro-evolution of Sino-Tibetan cultures and their kinship 

systems, with discussions on evolutionary processes of language dispersal and 

diversification of gender-biased dispersal norms. Chapter 5 presents the macro-

evolutionary study of historical Islamic sects, using cultural phylogenetics to 

examine the evolutionary relationship between afterlife beliefs and intergroup 

conflicts and whether cultural traits may accelerate or delay the extinction of 

religious groups. Chapter 6 examines whether the processes governing 

speciation events in cultural macroevolution are analogous to forces driving 

biological speciation which is driven by rare stochastic events, by examining 

waiting times between cultural speciation events (measured by internal branch 

lengths) and whether they conform to a distribution density expected with multiple 

drivers of speciation or individual causes. Chapter 7 and 8 presents a micro-

evolutionary study of cultural extinction in the reindeer-herding Evenk in Northern 

China. Chapter 7 outlines the ethnographic background of this critically 

endangered culture and discusses the many facets of cultural extinction that could 

not be captured in quantitative analyses – some of which unique to Evenki in 

China, others echo the experience of marginalized hunter-gatherer groups in 

different parts of the world. Chapter 8 uses the comprehensive demographic 

record of the reindeer-herding Evenki over the past 70 years to formally tests the 

causes of unnatural deaths among Evenki and how changing kinship networks, 

excess deaths, and intermarriages may have facilitated subsistence transitions 
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away from the traditional reindeer-herding lifestyle, using time-varying event 

history analyses. Lastly, Chapter 9 summarises findings from all studies and        

discuss the general implications. 
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Impact Statement 

Human societies exhibit extraordinary cultural diversity. There are 

systematic differences in marital systems, subsistence, political organisation, and 

other social institutions among different cultures, maintained by stable and 

consistent behavioural and linguistic variations between cultural groups. Many 

aspects of culture leave no trace in history, making it difficult to measure and 

assess how cultural diversity changed over time. Language, as the primary 

medium of human cultural learning and transmission, can provide a quantifiable 

measure of cultural diversity. Today, about 6,000 languages are spoken around 

the world, this is much lower than the estimated 12,000 to 20,000 languages 

spoken worldwide before the spread of agriculture. Among the extant languages, 

3,000 or more are classified as endangered. The unprecedented scale of cultural 

extinctions, greatly exceeding the rate of creation of new cultures, is widely 

appreciated in evolutionary human sciences; yet few studies examined the 

phenomena with empirical data. This thesis aims to examine cultural 

diversification and extinction processes empirically, using phylogenetic 

comparative methods at the macro-evolutionary level and applying the 

behavioural ecology framework at the micro-evolutionary level. Without 

downplaying the complexity of cultural diversity, in this thesis I define culture as 

shared characteristics and knowledge of a particular group of people, including 

customs and beliefs, social institutions (e.g. kinship system), and languages.  

Chapter 3 reconstructs the phylogeny of the Sino-Tibetan language family, 

using Bayesian computational methods applied to a larger and linguistically more 

diverse sample than previous attempts. It illustrates that key aspects of 

phylogenetic history can be replicated in this complex language family. Results 

provide more plausible dates for its origin and call for a more nuanced 

understanding of the first Sino-Tibetan speakers in relation to the “early farming 

dispersal” theory of language evolution.  

The origin of descent and dispersal strategies have long been of interest 

to anthropologists and biologists. It is widely believed in China that matrilineal 

kinship systems were ancestral to the Sino-Tibetans. Genetic and archaeological 

data are somewhat mixed on this issue and have not resolved the debate. Chapter 

4 attempts to answer the question of ancestral Sino-Tibetan kinship system using 
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explicit probabilistic methods. Results refute the popular belief in China and 

show that it is highly unlikely that ancestral Sino-Tibetans were matrilineal or 

matrilocal and switches between female- and male-centred kinship systems likely 

occurred in both directions.  

Chapter 5 presents a novel application of phylogenetic comparative 

methods.  The fairly-complete historical record of world religion provided a unique 

opportunity to reconstruct its evolutionary history on a phylogeny calibrated by 

timings of splitting and extinction events as recorded in the written history. In 

Chapter 5, a cultural phylogeny of historic Islamic sects is reconstructed based 

on written historical records. This novel approach allows evolutionary hypotheses 

to be formally tested at the level of social/religious entities, rather than language 

groups, and illustrates how quantitative methods of Evolutionary Biology can be 

applied to answer questions in social sciences. 

There is an abundance of research papers in Evolutionary Anthropology 

highlighting the similarities between biological and cultural evolution. The study 

presented in Chapter 6 shows how distinct features of human cultures causes a 

subtle but important difference between the two, while treating both as evolving 

Darwinian systems. This finding is of wide interest, and especially to evolutionary 

biologists, anthropologists and linguists. 

Chapter 7 and 8 present a case study of cultural extinction, including 

qualitative and quantitative data from Chinese ethnographies that have not 

previously been translated into English but constitutes great anthropological 

values. This study highlights many facets of cultural extinction that could not be 

captured in quantitative analyses – some of which unique to the studied case, 

others echo the experience of marginalized hunter-gatherer groups in different 

parts of the world. 
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1. Introduction 

1.1 Macroevolution of cultural diversity 

Human societies exhibit extraordinary cultural diversity. There are 

systematic differences in marital systems, subsistence, political organisation, and 

other social institutions among different cultures, maintained by stable and 

consistent behavioural and linguistic variations (Pagel and Mace, 2004, Barbujani, 

1991). Communications between individuals of different groups are often impeded 

by ecological boundaries, language barriers, endogamy, and xenophobic 

prejudices (Barth, 1969, McElreath et al., 2003). Ethnolinguistic diversity evolves 

in ways similar to biological speciation (Collard et al., 2006). Like biological 

species, cultural groups are subject to hereditary transmission and variation by 

mutation and selection - the prerequisites of evolutionary changes. Descendant 

groups split from the ancestral group and, over time, evolve new customs and 

rules independently while preserving some of the inherited practices (Pagel and 

Mace, 2004).  

Despite the differences between cultural transmission and genetic 

transmission at the individual level (Claidiere et al., 2014), there are many 

advantages to model population-level cultural changes as Darwinian processes 

(Mesoudi et al., 2004). Transmissions of cultural traits between individuals are 

analogous to genetic replication in biological evolution and can be modelled as 

demographic processes within an evolutionary framework (Mesoudi, 2015). To 

explain the change in the frequency of cultural traits in multiple populations over 

time, Cavalli-Sforza and Feldman differentiated the horizontal and vertical modes 

of cultural inheritance (Cavalli-Sforza and Feldman, 1981). They theorised that 

cultural practices and beliefs are transmitted vertically from parents to offspring, 

and horizontally among unrelated individuals. Later, Boyd and Richerson 

proposed how our psychological biases in decision-making underpin processes 

of cultural transmission. Specifically, our innate payoff-bias favours cultural 

variants associated with the optimal costs/benefits outcome, conformity-bias 

favours the most common cultural variants, and model-based bias favours 

variants that are practised by reputable individuals (Boyd and Richerson, 1985). 
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These biases explain how cultural diversity can be maintained at the group level. 

Under the simple inheritance system of biological evolution, even a modest 

amount of migration would prevent any significant long-lasting variation between 

groups; however, the occurrence of the conformist bias could reduce variation 

within groups and preserves variation between cultural groups (Richerson and 

Boyd, 2005), resulting in the pattern of cultural diversity where similar cultural 

traits are shared between groups with common ancestry even if they settled at 

great distances from one another.  

We can reconstruct the hierarchical descent of cultural groups using 

archaeological, genomic, and most often language data (Mace and Pagel, 1994). 

If language replacement is generally associated with the adoption of cultural traits 

from another culture, then linguistic phylogenies may be more appropriate than 

genetic ones to represent the evolutionary history of cultural evolution (Mace, 

2005). Inherited linguistic differences may prevent social contact between 

neighbouring groups; For instance, there are eleven linguistic boundaries in 

Europe accompanied with abrupt genetic change albeit no physical barrier (Pagel 

and Mace, 2004). Despite population movements across linguistic boundaries 

due to intermarriage, trading, or political integration (Steele and Kandler, 2010), it 

is easier to access knowledge from members of the same linguistic community 

than from members of different communities. When individuals migrate into a 

foreign group, they tend to adopt the language and cultural practices of the new 

group under conformity bias (Mace and Jordan, 2011, Boyd and Richerson, 1985).  

This conformity, or frequency dependence, means that language phylogenies are 

often less tangled than gene trees of human populations. 

A phylogeny is a tree-like structure showing the hierarchical descent from 

a common ancestor along branches and ancestral relationships among 

species/cultures at the tips. The building of a phylogenetic tree is a necessary but 

separate process from that of testing co-evolutionary hypotheses using 

phylogenetic comparative methods. To reconstruct the phylogenetic history of 

languages descended from a common ancestor, we can use cognate sets 

identified in the fundamental vocabularies of all languages (Swadesh, 1971) 

which are unlikely to be borrowed across languages. Cognate sets descended 

from a common ancestral word reflect the differing degrees of relatedness 



 

 

  21 

between languages. For instance, the word for ‘hand’ in Spanish mano and in 

French main likely descend from the earlier Latin word manus, while the English 

and German word hand did not; we may therefore deduce that Spanish is more 

closely related to French than it is to German. Cognates in core vocabularies 

arose from regular sound changes and accumulate steadily over time, like genetic 

mutations in biological evolution. Using standardised cognate data and 

appropriate statistical models (e.g. Bayesian Markov-chain Monte Carlo 

inferences  (Huelsenbeck et al., 2000, Pagel and Meade, 2004)), we can infer a 

sample of phylogenies representing possible descent of sampled languages. 

These phylogenies are weighted according to their likelihood and can be 

calibrated based on a priori knowledge of the population history derived from 

historical records or archaeological findings. Phylogenetic reconstructions of 

major language families in the world, including Austronesian (Gray et al., 2009), 

Indo-European (Bouckaert et al., 2012), Pama-Nyungan (Bouckaert et al., 2018), 

and Bantu languages (Grollemund et al., 2015), have been published and used 

in cross-cultural comparative studies. Chapter 3 in this thesis presents the 

published study (Zhang et al., 2020) reconstructing the phylogeny of the Sino-

Tibetan language family using Bayesian computational methods. 

Phylogenetic comparative methods are commonly used to address 

questions about the trajectories and directions in cultural macro-evolution. These 

methods can infer probable histories of cultural traits that otherwise leave behind 

no physical traces, based on a sample of statistically reconstructed, tree-like 

linguistic phylogenies. They can also test hypotheses about correlated evolution, 

and infer the rate and direction of co-evolutionary changes (Mace and Holden, 

2005). Chapter 4 and 5 present two phylogenetic comparative studies using the 

Sino-Tibetan language phylogeny and a religious phylogeny of historical Islamic 

sects, respectively. Nevertheless, phylogenetic comparative methods can also 

present statistical complications; In Chapter 2, I review the applications, recent 

developments, and potential pitfalls of phylogenetic comparative methods.  

Cultural diversification (defined here as the process where two 

ethnolinguistic groups emerge from one) may often be driven by within-group 

competition for resources (Rosenberg, 1994, Mace and Pagel, 1995, Chagnon 

and Irons, 1979), and can be accelerated by population expansion (Rosenberg, 

1994, Mace and Holden, 2005). In Chapter 6, I explore global processes 
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governing cultural speciation events by examining the empirical distributions of 

branch lengths of 10 uncalibrated (lexicon-divergence) language phylogenies and 

how they fit with various theoretical distributions of branch lengths predicted by 

different mechanisms of language speciation. Previous studies (Venditti et al., 

2010, Hedges et al., 2015) found that branch lengths of biological phylogenies 

follow the exponential distribution, which is expected when speciation is triggered 

by rare stochastic events each individually sufficient to cause speciation to occur.  

Results in Chapter 6 found that language trees, unlike biological trees, have 

branch lengths following non-exponential distributions. Empirical distributions of 

language branches show an excess of shorter branches than exponential 

distributions would predict (Figure 18), which means waiting times between 

cultural speciation events are shorter than stochastic processes would predict, 

suggesting that cultural splitting is opportunistic in the sense of occurring just as 

soon as the new cultural group can be viable. These results show a fundamental 

distinction between the speciation tempo of human cultural groups and biological 

species, with the former actively seeking and then maintaining separation and the 

latter driven by rare stochastic events.  

 

1.2 Cultural traits promoting diversification or extinction 

The geographical distribution of ethnolinguistic diversity is constrained by 

ecology and resembles the pattern of biodiversity. Places with high species 

diversity, especially tropical forests, tend to have high linguistic diversity, and 

areas of low species diversity, such as tundra and deserts, have low linguistic 

diversity (Mace and Pagel, 1995, Nettle and Romaine, 2000, Moore et al., 2002, 

Sutherland, 2003, Stepp et al., 2005). The island of New Guinea which makes up 

less than one percent of the Earth’s habitable surface, apart from being one of the 

world’s biodiversity hotspots, supports around 1,000 languages, one-seventh of 

the total. Papua New Guinea, for instance, contains just 0.1 per cent of the world’s 

population but more than 13% of the world’s languages (Diamond, 1997). It is 

geographically an extremely irregular landscape, which creates multiple 

opportunities for isolation. Moreover, 80% of its land is covered by rainforests 

which provide sufficient food supply all year around. Given the biogeographical 

constraints and high yields of food harvest, there was little incentive for 
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ethnolinguistic groups to aggregate and homogenise, and ethnolinguistic diversity 

remains high (Nettle and Romaine, 2000). A recent empirical study showed 

ecological differences independently explain linguistic differences among dialect 

groups, potentially via divergent selection of behaviours that could have acted as 

social barriers between neighbouring groups (Honkola et al., 2018).  

Many believe that the geographically uneven development of food 

production gave the first agricultural groups advantages over hunter-gatherer 

societies and caused the dispersal of agriculturalists along with their languages 

and lifestyles into new territories (Heggarty et al., 2010), which in turn hastened 

the disappearance of hunter-gatherer cultures. Phylogenetic inferences support 

this hypothesis in some language families (Grollemund et al., 2015, Zhang et al., 

2020, Bouckaert et al., 2012) although not in others (Bouckaert et al., 2018, 

Chang et al., 2015). Ecology also played a key role in facilitating the first 

dispersals of some populations. The expansions of agricultural groups may be 

triggered by the deteriorating homeland environment for early farmers, as seen in 

the cases of Greece (Van Andel et al., 1990) and Levant (Rollefson and Köhler-

Rollefson, 1993), both suffered severe environmental damage during the 

Neolithic. Physical ecology also seems to constrain the migration and dispersal 

routes of ethnolinguistic groups. Phylogenetic reconstruction of the Bantu 

language family, informed by geographical data and palaeoclimatic records of 

sub-Saharan regions, shows that, when ancestral Bantu populations expanded 

from savannah homeland in West Africa, they avoided unfamiliar rainforest habitat 

and took advantage of a savannah corridor through the Congo rainforest emerged 

briefly due to climate change in western Congo basin (Grollemund et al., 2015). 

They showed that dispersal rates slow down when ancestral populations 

transition from savannah habitat into rainforest habitat. Geographical 

phylogenetic reconstruction of the Pama-Nyungan language family also shows 

that dispersal rates were two times slower near water, supporting a link between 

language spread and ecological factors associated with mobility and range size 

(Bouckaert et al., 2018). In Chapter 3, I reconstruct the phylogeny of the Sino-

Tibetan language family using Bayesian computational methods and infer the 

origin of Sino-Tibetan cultures to be approximately 8,000 years ago on average, 

millennia before the first major farming dispersals out of the Yellow River 

homeland; I discuss the implications of this finding in relation to the “early farming 
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dispersal” theory in Chapter 3. 

Based on archaeological evidence, migrations of the Yamnaya from the 

Steppe into Europe is believed to have been aided by the development of horse 

riding and the invention of chariots, which also brought the Kurgan burial mounds 

to Europe (Haak et al., 2015). While most language phylogenies attribute the 

initial spread of major language families to the advent of agriculture or horse 

pastoralism, a recent phylogenetic reconstruction of Pama-Nyungan languages 

(Bouckaert et al., 2018) presented a unique case of hunter-gatherer language 

expansion, which the authors argue was facilitated by technological 

breakthroughs (e.g. new tools and extractive technologies) and social innovations 

(e.g. patrilineal kinship, exogamous marriage and multi-group rituals) that enabled 

assimilation (rather than replacement) of the existing hunter-gatherer groups in 

the marginal environments of Australia 4,000–5,000 years BP. These findings 

echo another phylogenetic study (Gray et al., 2009) which reveals a series of 

settlement pauses and expansion pulses linked to technological and social 

innovations as ancestral Austronesian speakers expanded from their homeland 

in Taiwan to the Pacific islands.  

In many cases, the outcomes of intergroup competitions were determined 

by intrinsic factors such as sociopolitical complexity and technological innovations. 

Following the advent of food-producing subsistence, the increasing disparities in 

sociopolitical complexity underline the human history of conquest and colonisation. 

Variations in social organisation confer a greater military advantage to centralised 

groups than to isolated clans, allowing more centralised communities to conquer 

and expand their territories. A phylogenetic comparative study of political 

complexity among Austronesian societies (Currie et al., 2010) showed that, in the 

most likely scenario, the proto-Austronesian society was acephalous and became 

more hierarchical as the population moved through the islands of South-East Asia 

but less hierarchical after entering the region around New Guinea, probably due 

to founder effects, contact with the indigenous population, or ecological factors.  

Warfare was common in human societies long before we adopted 

agriculture and a sedentary lifestyle (Keeley, 1996). In New Guinea, empirical 

data estimated rates of clan extinction to be 10% every 25 years (Soltis et al., 

1995). Ethnographic, historical, and archaeological records (Soltis et al., 1995, 
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Keeley, 1996, Bowles, 2009) showed that, when a cultural group is defeated in 

warfare, the social unit may cease to exist, but its surviving members may quickly 

integrate themselves into the winning group. Losing groups went extinct and were 

replaced by a clone of the winning group. As a consequence of warfare, the 

cultural traits of the successful groups often spread and the cultural traits of 

defeated groups and polities often decline. Similarly, groups with institutions that 

more effectively foster cooperation are most likely to be the victor (Turchin, 2016). 

Victorious groups often expand their borders and absorb conquered peoples. 

Women or other prisoners are often taken as trophies of war; If they marry into 

the victorious culture, the cultural inheritance of the winning group is mostly 

unaffected even when their genes are mixing with other groups (Renfrew, 1990). 

Militarily successful cultures such as the Mongols (Turchin, 2006) and Nuer (Kelly, 

1985) often assimilated defeated groups. Cultural assimilation may be passive, in 

which defeated people adopt the identity of the dominant group through marriage 

and/or migration, or it can be coercive. For instance, slaves captured by the 

Comanche, and their subsequent offspring, became Comanche themselves after 

one or two generations (Hämäläinen, 2001). Cultural systems associated with 

Christianity and Islam have also spread partly through military conquests, 

facilitated by both coercive and voluntary conversion of peoples in the defeated 

group (Richerson et al., 2016b). Furthermore, an empirical study (Sosis and 

Bressler, 2003) analysing the longevities of 19th-century communes based on 

historical records found that, overall, religious communes with more costly 

constraints are likely to survive longer than secular communes with less costly 

constraints. In Chapter 5, I present a phylogenetic comparative study of historic 

Islamic sects that formally tests whether intrinsic elements of religious groups (i.e. 

eschatological ideologies) and intergroup conflicts may influence their survival 

and extinction. 

 

1.3 Fitness landscape of cultural extinction 

Nearly all indigenous people still living in traditional ways on their 

ancestral lands speak endangered languages, if their native language is not 

already extinct. Along with the languages, the traditional knowledge of these 

indigenous cultures - traditional means of livelihood, land use and natural 
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resource management, and various cultural beliefs associated with it - is being 

forgotten (Loh and Harmon, 2014, Salali et al., 2020). Most small-scale 

indigenous societies are losing the opportunities or means or numbers to sustain 

their traditional lifestyle, as societies that are more politically complex (i.e. nation-

states) dominate the production and consumption interdependencies in the global 

economic network. Among those groups that managed to adapt to the expansion 

of centralised government and the market, significant sociopolitical changes were 

accompanied by the extinction of cultural practices associated with traditionally 

adaptive strategies (Johnson and Earle, 2000). The development of nation-states 

- accompanied by the prevalence of literacy, education, and communication, and 

the standardisation of speech - also place minority cultural traits under pressure 

and in many cases led to their decline and cultural extinction (Heggarty, 2007). 

European colonization since the 16th century has greatly accelerated the 

rate of extinction of indigenous cultures (Bodley, 1990, Burger, 1987), both 

directly through warfare and indirectly through social and ecological changes. In 

most cases, the arrival of foreign settlers reshaped the entire ecosystem by 

introducing non-native livestock, crops, and bacteria and viruses to the colonies. 

Historical records showed that, in the 19th century, many marginal subsistence 

producers did not benefit from the market but were forced by the market into the 

progressive deterioration of production conditions after losing their property rights; 

incipient market integration in the late Victorian era may have contributed to 

growing social vulnerability to climate changes and large-scale subsistence crises 

in many parts of the world (e.g. mass famine and disease epidemics in south Asia, 

north China, northeast Brazil, and southern Africa) (Davis, 2002). Forced market 

integration could lead to breakdowns of traditional subsistence and social 

networks and worsen inequality of access to technology and economic 

participation. For instance, historical records showed the British rule emancipated 

local political chiefs from the obligation to invest in community resources; in 

Gujarat, the new property forms freed village caste-elites from traditional 

reciprocities and encouraged them to exploit irrigation resources to their selfish 

advantage (Hardiman, 1998). 

Some argue that the Free Market promotes values solely based on 

supply-and-demand, individualism, class inequalities, exclusive policies and 

excessive consumption while eroding the social bonds in non-industrial societies 
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(Johnson and Earle, 2000). In reality, the impacts of market integration on 

indigenous populations are heterogeneous. For instance, in Brazil, the informal 

British colonialism in the 19th century did not affect all regions equally; while the 

northeastern sugar fazendas grew dependent upon British capital, the southern 

coffee industry was more independent (Deutsch, 1996). Market integration of 

indigenous populations in the 20th century also led to different outcomes in 

different cases. It seems to have radically transformed traditional cooperative 

networks in some groups (e.g. Machiguenga forager-horticulturalists (Henrich 

1997), Kalahari !Kung (Yellen 1990)), yet in other groups (e.g. Tsimane 

Amerindians (Gurven et al. 2015), Huaraoni forager-horticulturalists (Frazen and 

Eaves 2007)), there is little evidence that market integration disrupted or reshaped 

traditional cooperative networks. 

In many cases, preserving the traditional way of life in a non-traditional 

environment is costly to survival and reproductive success. Human behavioural 

ecology studies have shown that even seemingly arbitrary cultural behaviours like 

marriage systems (Thomas et al., 2018), religious rituals (Power, 2017b, Ge et 

al., 2019), and taboos (Colding and Folke, 2001), are intricately linked with the 

local cooperative network that evolved as an adaptation to the local ecology. With 

socioecological changes, the fitness landscape can also change and render 

traditional cultural practices/institutions maladaptive in the new environment. 

Combining empirical data with testable evolutionary hypotheses, human 

behavioural ecology provides a useful framework to understand individual 

behaviours within an endangered cultural group, including seemingly maladaptive 

behaviours, in response to dramatic socioecological changes precipitating cultural 

extinction. Behavioural ecology models make explicit the optimal behavioural 

responses of individuals that maximize inclusive fitness given the ecological 

context. Behavioural ecology models can theoretically unite different currencies, 

such as mortality risk and economic benefit, through their impact on the common 

currency of reproductive success, or some proxy such as long-term survival.  

The behavioural ecology framework helps identify truly maladaptive 

behaviours when the socioecology is in flux, as observed among the Casiguran 

Agta in the Philippines. From the 1960s to 1990s, the Casiguran Agta hunter-

gatherers in the Philippines experienced population decline due to high mortality 

rates following an influx of many thousands of immigrants into their area, 
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deforestation, depletion of traditional game and plant resources, rising alcoholism, 

new forces introducing general poverty and new diseases, and cases of outright 

land-grabbing, murders, and kidnappings. With their important traditional 

resources depleted, the Casiguran Agta have modified their economic behaviour: 

hunting has declined and wage labour has increased. Trends of population 

decline were exacerbated by the shortage of reproductive women; One-third of 

their reproductive females married non-Agta partners and another third out-

migrated for wage labour, leaving behind a high number of unmarried Agta men 

who were deprived of potential marriage partners. This pattern of female out-

marriages (hypergyny) in Casiguran Agta increased significantly in the second 

half of the last century, which contributed to the eventual extinction of most 

populations of this small ethnic group. Ethnographers (Headland and Headland, 

1997) noted “We may logically conclude that these changes have moved the Agta 

population to a maladaptive state today, manifested by increased high death rates 

and population decline. Their tragic morbidity and mortality figures could not have 

been as high in the past as they are now, or the population would have gone 

extinct long ago.”  

Social/kinship networks likely mediate the impact of sociopolitical 

changes on cultural extinction. Subsistence societies - especially horticulturalists, 

pastoralists, and agriculturalists -  rely heavily on kin networks to coordinate social 

and ecological action (Berté, 1988, Apicella et al., 2012), as cooperation with kin 

is less prone to free-riding (Hughes, 1988). Humans evolved as ‘cooperative 

breeders’, relying on relatives (Hrdy, 2011) and unrelated individuals in the group 

(Page et al., 2019) for support of reproduction. In many food-producing societies, 

labour exchange is often given freely between kin, but exchanges between 

unrelated members of a community often require explicit or implicit willingness to 

reciprocate (Berté, 1988, Thomas et al., 2018). For many societies of subsistence 

economy transitioning into the market economy, there is an evident tension 

between the desire to maintain a traditional lifestyle and the perceived benefits of 

the market economy (Colleran, 2016, Salali et al., 2020). Empirical data showed 

individuals in these societies reported declining kin prominence in their social 

networks and even antagonistic kin relations as their needs become better fulfilled 

by contacts outside the family (Kasper and Borgerhoff Mulder, 2015). Dense 

social networks generate social interdependence and rapid consensus-formation 
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but also induce social control and resistance to change. Increasing non-kin 

interactions could disrupt these evolved patterns of coordination (Newson et al., 

2005). Non-kin interactions may allow the spread of new values, as horizontal 

transmission scales up over vertical transmission (Cavalli-Sforza and Feldman, 

1981). Demographic models showed that, for subsistence cultures that depend 

on effective kin cooperation, falling fertility creates a crisis when it results in too 

few kin to join the community project (David-Barrett and Dunbar, 2017). Societies 

may transition to small effective kin networks due to falling fertility, increased 

physical distance to kin (e.g. urbanisation), or high mortality (e.g. war or 

epidemics). These small kin networks will only be able to remain socially cohesive 

if they replace disappearing kin networks with non-related alternatives (David-

Barrett and Dunbar, 2017). Otherwise, sparser networks with diverse, weak, 

cross-cutting connections can spread novel information easily and quickly within 

a community, help reject existing social hierarchies, and accumulate cultural 

innovations across communities through partial connectivity (Derex and Boyd, 

2016).  

To understand the fitness landscape of cultural extinctions, evolutionary 

studies need to acknowledge institutional influences on endangered cultures and 

the reality of individuals living in an endangered culture. In Chapter 7 and Chapter 

8, I present a case study of cultural extinction in the reindeer-herding Evenk in 

Northern China. Chapter 7 outlines the ethnographic background of this critically 

endangered culture and discusses the many facets of cultural extinction that could 

not be captured in quantitative analyses – some of which are unique to the case 

study, others echo the common experience of marginalized hunter-gatherer 

groups across the globe. Chapter 8 uses the comprehensive demographic record 

of reindeer-Evenki over the past 70 years to formally tests the causes of unnatural 

deaths among Evenki and how changing kinship networks, excess deaths, and 

intermarriage may have facilitated subsistence transitions away from the 

traditional reindeer-herding lifestyle. 

 

1.4 Overview of thesis 

This thesis presents three macro-evolutionary studies and one micro-

evolutionary study of cultural diversification and extinction using empirical data to 
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formally test evolutionary hypotheses. Chapter 2 reviews phylogenetic 

comparative methods, their applications, recent developments, and potential 

pitfalls. Chapter 3 and 4 reconstruct the macro-evolution of Sino-Tibetan cultures 

and their kinship systems, with discussions on evolutionary processes of 

language dispersal and diversification of gender-biased dispersal norms. Chapter 

5 presents the macro-evolutionary study of historical Islamic sects, using cultural 

phylogenetics to examine the evolutionary relationship between afterlife beliefs 

and intergroup conflicts and whether cultural traits may accelerate or delay the 

extinction of religious groups. Chapter 6 examines whether the processes 

governing speciation events in cultural macroevolution are analogous to forces 

driving biological speciation which is driven by rare stochastic events, by 

examining waiting times between cultural speciation events and whether they 

conform to a distribution density expected with multiple drivers of speciation or 

individual causes. Chapter 7 and 8 present a micro-evolutionary study of cultural 

extinction in the reindeer-herding Evenk in Northern China. Chapter 7 outlines the 

ethnographic background of this critically endangered culture and discusses the 

many facets of cultural extinction that could not be captured in quantitative 

analyses. Chapter 8 formally tests the causes of unnatural deaths among Evenki 

and how changing kinship networks, excess deaths, and increased contact with 

external groups may have facilitated subsistence transitions away from the 

traditional reindeer-herding lifestyle. Chapter 9 summarizes findings from all four 

studies and discuss the general implications. 
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2. Cross-cultural comparative methods for testing 
evolutionary hypotheses 

2.1 Ultimate questions in the evolutionary paradigm 

Cross-cultural comparative method is the search for similarities and 

regularities in an array of cultural differences. In contrast to the essentialist 

approach that focuses on particularities within each culture, the comparative 

approach focuses on systematic differences between cultures that are relatively 

homogenous within each group, such as languages and kinship systems. The 

observed pattern of cultural diversity shows how cultures vary, but it does not 

explain why they arose. To understand the evolutionary processes of cultural 

diversity that led to its forms and variations today, we need to examine the 

differences - why was a cultural practice adopted by some societies but not by 

others? By identifying patterns and regularities in a myriad of cultural traditions 

observed over the world, we can make sense of the mechanism of cultural 

macroevolution and the ultimate causes of cultural diversity in terms of adaptive 

functions and evolutionary histories (Tinbergen, 1963).  

Cross-cultural comparative methods use data from the present variation 

across cultural groups to try and infer how and why this cultural diversity arose. 

Phylogenetic comparative methods can be applied to test hypotheses regarding 

the co-evolution of cultural traits or the adaptiveness of a cultural trait in relation 

to the ecology. Many cultural practices evolved as adaptive strategies in response 

to the local ecology (Nettle, 2009, Barsbai et al., 2021). Cultural diversity partly 

reflects the variation of physical and social environment among cultural groups; 

Distant groups with similar natural and social environments may develop similar 

behavioural adaptations, a process analogous to evolutionary convergence 

(Hewlett et al., 2002). Early studies on the adaptive functions of cultural practices 

used cross-tabulations of ethnographic and ecological data for a wide range of 

cultural groups to identify the common ecological basis of cultural diversity. 

Indeed, associations were found across cultures between, for example, pathogen 

prevalence and degrees of polygyny (Low, 1990), between circumcision norms 

and the climate (Whiting, 1964), and between fertility and subsistence (Bentley et 

al., 1993). However, associations like these are based on a snapshot of cultural 

diversity in the present and ignore evolutionary processes in the past. Attempts 
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to extrapolate causal relationships from these statistical correlations rests on an 

implicit, often false assumption that cultural groups are independent of each other. 

For sampled cultural groups descended from common ancestors, similarities 

among groups may arise from shared ancestry rather than independent instances 

of adaptation (Galton, 1889). This could cause fictitious, overestimated 

associations between cultural traits and the ecology (Mace and Holden, 2005). 

Only after removing or controlling for the effect of shared ancestry, the true 

functional association between traits can be uncovered (Pagel and Harvey, 1988).  

 

2.2 Comparative methods using an evolutionary model 

Cultures within the same cluster on the phylogeny are closely related to 

each other and would display many similarities due to shared ancestry. To control 

for ancestral associations, the Standard Cross-Cultural Sample (Murdock and 

White, 1969) was published which contains a reduced sample of cultures so each 

cluster on the phylogeny is represented only once. This is similar to the approach 

of using linguistic affiliation (coded as a column of categorical variables in the 

Ethnographic Atlas (Murdock, 1967, Gray, 1999) to predict patterns of cultural 

diversity among ethnolinguistic groups. These methods in effect erase variations 

among closely related cultures within the same linguistic clade and treated them 

as equally related. Coarse controls of shared ancestry like these do not provide a 

satisfactory solution because clusters on the phylogeny are not independent of 

each other, they are still associated with each other with differing degrees of 

relatedness and correlations across clusters may still be artefacts of shared 

ancestry. Moreover, cultural traits may have been gained and lost several times 

within one cluster, this approach prevents us from studying how cultural variation 

arose among the closely related cultures.  

Another approach to control for shared ancestry uses statistical procedures 

to account for or remove the part of variation that are thought to be non-

independent due to shared ancestry. For instance, (Minocher et al., 2019) found 

that marriage systems co-vary with pathogen stress and several socio-ecological 

conditions in a global sample of culture, after variations attributed to phylogenetic 

associations were accounted for. This statistical procedure of controlling for 

phylogenetic associations is based on the premise that variation among cultural 

groups can be divided into a portion caused by historical patterns of descent and 



 

 

  34 

a portion representing unique independent cultural evolution. Only the latter 

portion – often in the form of a statistical residual – is used to investigate 

comparative trends. By controlling for the effects of ancestry, it removes the 

“shared” variations among clusters from the deeper ancestry and only analyses 

variations represented by pairs of closely related cultures at the tips of the 

phylogeny, discarding variations that originated earlier.  Such methods contain no 

model of evolution and can tell us little about the evolutionary history of the traits 

of interest. 

A cross-cultural association between two or more cultural traits does not 

necessarily indicate that the traits tend to evolve or to be acquired together. They 

may both have been acquired for unrelated reasons in an ancestral group and 

inherited by descendant groups (see Figure 1). To identify correlated cultural 

changes, we need to identify repeated, independent occasions where two or more 

cultural traits change together (Mace and Pagel, 1994). The contemporary 

distribution of cultural traits among cultural groups without a fully reconstructed 

phylogeny cannot inform us of the evolutionary process of a cultural trait. The 

reconstruction of evolutionary history is essential to identify independent 

instances of origination/modification of cultural traits. To test evolutionary 

hypotheses of cultural traits, we need to explicitly model the underlying 

evolutionary process that gave rise to the observed distribution of cultural diversity 

and place independent instances of cultural trait emergence and transitions onto 

the reconstructed phylogeny. We can do so using statistical models to infer the 

most likely ancestral states and directional changes of cultural traits in the past 

(represented by internal branches and nodes of a phylogeny) given what is 

observed now (Pagel, 1997). 
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Figure 1. Observed associations among groups do not necessarily reflect correlated 
evolution in history. Top: Two traits of unrelated evolutionary processes show associations at 

the tips. Mere association at the tips is of no statistical significance to hypotheses of trait evolution. 

Bottom: Correlated evolution of two traits. Transitions of the first trait from O to X always precedes 

the transition of the second trait from A to B for dual transitions of both traits to take place. Traits 

evolves on many separate occasions in separate cultures despite showing no obvious 

associations with clusters near the tips. The direction and order of trait transitions can be inferred 

given data at the tips and a phylogeny. Grey branches indicate absence of transitions, coloured 

branches indicate directional transitions as shown in the legend. 
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For discrete cultural traits, such as distinct types of residence patterns, we 

can use the DISCRETE method (Pagel, 1994) to look for correlated evolution 

between traits and to determine ancestral states.  DISCRETE models a discrete 

trait evolving according to a Markov process. The likelihoods of each ancestral 

state at each node of the tree are estimated, and the probability of change is 

considered independent in each branch of the phylogenetic tree, and the 

probability of changing from one state to the next depends only upon the state at 

the beginning of the branch, and not on events before that. It makes use of 

estimates (or data on ‘fossils’ if available) of all possible character states at each 

ancestral node and incorporates information on branch lengths. Transition-rate 

parameters are modelled explicitly as probability functions which allow testing of 

evolutionary hypotheses about the direction and temporal order of trait transitions, 

even in branches showing simultaneous changes. To investigate alternative 

patterns of trait evolution, transitions can be excluded a prior by restraining the 

relevant transition-rate parameters to zero. For instance, a unidirectional evolution 

model can be specified by setting all backward transitions to zero, then compare 

its likelihood against the full and alternative evolution models. To test the 

hypothesis of correlated evolution of two cultural traits, DISCRETE compares the 

fit of two different evolutionary models to the observed data – the independent 

(uncorrelated) and dependent (correlated) evolution model. The dependent model 

reflects the belief that the state of one trait affects the probability of change in the 

other. In the dependent model, rate parameters describing dual transition in both 

traits are set to zero in a short interval of time (dt). Over longer interval t, such as 

the branch of phylogeny, the model allows more than one transition to occur. This 

enables us to detect the order of change that leads to dual transitions, for instance, 

whether the absence of both traits (0,0) transitioning to the presence of both traits 

(1,1) was precipitated by the adoption of the first trait (1,0), or by the adoption of 

the second trait (0,1). In the independent model, the state of one trait does not 

affect the probability of change in the other, dual transition is represented by the 

product of the probabilities of the two transitions. The significance of correlated 

evolution is assessed by comparing the likelihood of the dependent model and 

the independent model. A great advantage of this approach is that the 

evolutionary models being considered are made explicit. 

For continuous cultural traits, we can identify a series of comparisons or 

“contrasts” between pairs of “sister-cultures” on the phylogeny who share an 
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immediate common ancestor. The differences between sister cultures, in principle, 

were acquired since the two cultures separated from a common ancestor and thus 

are independent instances of cultural change. The “independent contrast” method 

does not estimate explicitly the evolution process and ancestral states of 

continuous traits, it partitions variations among cultures into independent parts. It 

is possible to define the contrast between the ancestral nodes on the phylogeny 

or between a culture at the tip and an ancestral node. However, it requires 

estimation of ancestral state values which often makes implicit assumptions about 

rates of cultural evolution in the various branches of the tree.  

A key assumption of tree-like evolution models is that the cultural trait being 

studied are inherited by offspring groups from ancestral groups (i.e. vertical 

transmission from root to tip), and not frequently borrowed across groups through 

population contact or social diffusion (i.e. horizontal transmission between parallel 

branches). Behavioural differences among neighbouring human groups can be 

maintained - despite substantial flows of people and ideas between them – by 

conformity biases in our social learning processes. Conformity bias refers to the 

tendency for individuals to imitate the most common variant they observe in their 

social environment (Boyd and Richerson, 2010), especially when the environment 

is variable and asocial learning is costly (McElreath et al., 2008). In some cases, 

costs and benefits of adopting a cultural variant are structured by the frequencies 

of alternative strategies adopted by others in the population (e.g. language and 

kinship systems) and local demographic dynamics, resulting in the frequency-

dependent selection of evolutionarily stable local variants (Kandler et al., 2010). 

Empirical studies suggest that behaviours related to food production, such 

as subsistence practices, are likely to be transmitted vertically (Guglielmino et al., 

1995, Hewlett et al., 2002, Lozada et al., 2006, Aunger, 2000), perhaps due to the 

difficulty to learn such behaviours without the aid of a teacher, and the high cost 

to train novice can only be offset by the fitness benefits of providing offspring with 

skills that are likely to enhance the reproductive success of parents (Shennan and 

Steele, 1999) or simply the material resources required to follow that lifestyle 

(such as cattle in the case of pastoralism). Kinship systems specifying descent 

and residence rules also tend to be transmitted from parent to offspring and may 

be maintained by in-group conformism and/or frequency-dependent costs and 

benefits (Ji et al., 2016).  
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Mace and Jordan showed that Austronesian kinship systems are best 

predicted by nearest phylogenetic neighbour instead of nearest geographical 

neighbour (Mace and Jordan, 2011). Correlation analyses also found that family 

and kinship norms among ethnolinguistic groups in sub-Saharan Africa are best 

predicted by population history (Guglielmino et al., 1995, Hewlett et al., 2002). 

Indeed, kinship norms can be stabilized even in the presence of intergroup 

marriage, as immigrants tend to adopt norms of the new group (Richerson and 

Boyd, 2005); they generally show strong phylogenetic signals (i.e. statistical 

dependence among populations’ cultural traits due to their shared ancestry). 

Phylogenetic comparative methods have been applied in many cultural regions to 

infer the evolution of kinship systems including Bantu, Indo-European, and 

Austronesian populations (Jordan et al., 2009, Opie et al., 2014, Fortunato, 2011). 

Archaeological records showed that artefact traditions can be coherent over long 

periods of time, even when populations were not isolated from other societies. 

There is some evidence of vertical transmission of material cultures observed in 

the archaeological records, such as the Neolithic pottery assemblages (Collard 

and Shennan, 2000) and textile weaving traditions among Iranian tribes (Tehrani 

and Collard, 2002).  

When a cultural group settled in proximity and/or frequently interacted with 

an unrelated group, it may gradually incorporate some cultural practices from the 

other group by social contact and intermarriage. For cultural features that are 

easily borrowed across groups (e.g. folklore, music style, commercial product 

design), a phylogeny would not serve as the best model to understand the 

evolutionary processes that gave rise to its diversity today, and a network model 

may be a more appropriate descriptive model (although such network models 

rarely allow us to test explicit evolutionary hypotheses). The importance of 

phylogenetic history in the evolution of a cultural trait should be judged based on 

historical contexts of how the trait is generally acquired and transmitted. Some 

traits may not be amenable to phylogenetic analyses at all. Traits that are highly 

variable within cultures, such as perhaps how players respond in economic 

games (Lamba and Mace, 2011) or cooperate in wider contexts, may not be 

usefully considered as cultural level traits.  Those traits which show some kind of 

cultural conformity, where the benefits and costs are frequency-dependent, such 

as kinship and language, are more likely to leave a strong phylogenetic signal. 

When the phylogenetic signal is weak (i.e. no statistical evidence for traits being 
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transmitted vertically along branches in Brownian motion), regression models that 

do not consider long-term evolutionary history may be sufficient for cross-cultural 

comparative studies, although phylogeny still needs to be considered if there is 

qualitative evidence for the vertical inheritance of traits from ancestral to 

descendant groups. 

2.3 Applications in cultural comparative studies 

Using phylogenetic comparative methods, recent studies examined the 

evolution of subsistence (Gavin et al., 2018, Sheehan et al., 2018, Vilela et al., 

2020), kinship and marriage systems (Jordan et al., 2009, Moravec et al., 2018, 

Passmore and Jordan, 2020), political complexity (Watts et al., 2018, Currie et al., 

2010), supernatural beliefs (Basava et al., 2021, Watts et al., 2015), linguistic 

features (Pagel et al., 2013), and traditional knowledge (Saslis-Lagoudakis et al., 

2014) among ethnolinguistic groups. In addition to reconstructing past 

ethnolinguistic diversity, cultural phylogenetics can also be applied to recent 

history where empirical evidence (e.g. written history) recorded the inheritance of 

cultural traits/institutions from ancestral to descendant groups. Such historical 

data can provide insights into the extinction of cultures, a process that is 

somewhat hidden when phylogenies are inferred only from extant groups (Zhang 

and Mace, 2021). The historical record of world religion provided a unique 

opportunity to reconstruct the evolutionary history of religious subgroups on a 

phylogeny calibrated by timings of splitting and extinction events that were 

recorded in written history. For instance, a recent study (Basava et al., 2021) 

reconstructed the cultural phylogeny of historic Islamic sects in the 7-20th 

centuries based on written historical records of sect ancestry, presence of beliefs 

in extant sects as well as historical sects, incorporated into the phylogeny as 

“fossils” on internal nodes to informs comparative inferences. It showed that, 

among historical Islamic sects, afterlife beliefs in an imminent apocalypse likely 

co-evolved with revolutionary violence and the emergence of violence precedes 

the emergence of apocalyptic afterlife beliefs rather than a change in afterlife 

beliefs leading to violence.  

Initiatives to digitalise historical and ethnographic data for comparative 

studies and make data openly accessible have contributed to platforms such as 

D-place (Kirby et al., 2016), eHRAF (Murdock, 1983), Seshat (Turchin et al., 

2015), and the Database of Religious History (Slingerland and Sullivan, 2015) 
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where linguistic, ethnographic, historical, and ecological datasets are archived. 

However, not all comparative cultural data are compatible with the unit of analyses 

in linguistic phylogenies. For instance, comparative cultural data at the level of 

countries or historical civilisations cannot directly map onto a phylogenetic tree of 

ethnolinguistic groups, if multiple ethnic groups reside in the same country and a 

single ethnic group is distributed over multiple countries. In principle, it is possible 

to reconstruct a phylogeny of past civilisations. Phylogenies built from historical 

data would allow for greater certainty of ancestors and character states at internal 

nodes; however, it would also carry some subjectivities in depicting connections 

between taxa. The definitions of taxa (i.e. cultural groups) and whether their 

evolution can be accurately captured by vertical, hierarchical descent need careful 

consideration and would benefit from interdisciplinary insights of social scientists.  

 

2.4 Pitfalls and caveats 

2.4.1 Phylogenetic uncertainty 

While recent cultural comparative studies are increasingly aware of the 

pitfalls of Galton’s problem and sought to account for the phylogenetic association, 

it was sometimes executed in a reductionist manner that obscures the 

uncertainties in phylogenetic reconstructions, for instance, by reducing the 

posterior sample of inferred language phylogenies to a single matrix of “average” 

phylogenetic distance between pairs of cultures in a regression model. Other 

approaches (e.g. supertree fusing different language families near the root) 

discount the lineage-specificity of cultural evolutionary processes which had been 

empirically demonstrated in various cross-lineage comparative studies (Dunn et 

al., 2011, Passmore and Jordan, 2020). 

Phylogenetic inferences specify parameters that characterize the process 

of trait evolution and rely on the phylogeny which specifies probable routes by 

which ancestral cultural groups gave rise to contemporary groups. Most cultural 

phylogenies are inferences from contemporary data to reconstruct the 

evolutionary past that cannot be known with certainty. In those cases, it is unlikely 

that a single phylogenetic tree can be a valid representation of the hierarchical 

descent among cultural groups and their relative degree of divergence, even the 

most likely tree is not necessarily the true tree. Uncertainties about the true 
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phylogeny limits what conclusions we can draw about the ancestral states and 

mechanisms of trait evolution. Probable phylogenies can vary in topology and 

branch lengths (see Figure 2) and yield different posterior distributions of the rate 

coefficients and log-likelihoods of the model of trait evolution. Inferences using 

the same comparative data but different phylogenies often lead to different 

answers to evolutionary questions.  

Using a single phylogeny to study the evolution of cultural traits omits the 

inherent uncertainties of phylogenetic reconstructions. Although Bayesian 

reconstructions of language phylogenies can be visualised with a single 

consensus tree or maximum-clade-credibility tree, posterior probabilities reported 

on internal nodes or branches are much more informative than the topology of the 

“summary” tree. Rather than reporting a single, most likely scenario of trait 

evolution history, researchers can and should estimate the statistical confidence 

of their conclusions about various aspects of trait evolution and at different places 

on the phylogeny. The Bayesian approach for testing evolutionary hypotheses 

across a probabilistic sample of phylogenies uses the Markov chain Monte Carlo 

(MCMC) method (Gilks et al., 1995) for sampling phylogenetic trees and 

investigating the parameters in the trait evolution model (Pagel et al. 2004). It 

allows researchers to estimate the posterior probability distributions of parameters 

that characterize them. The posterior distribution accounts for phylogenetic 

uncertainty by estimating all possible character state transitions integrated over 

all possible phylogenies, weighted by their probability of occurrence. For instance, 

the Bayesian approach of ancestral state reconstruction considers the joint 

probability of the ancestral node exists in a tree and that node adopts a particular 

state when it exists, the inferred set of transition parameters are weighted by the 

likelihood over all phylogenies and all assignments of the ancestral state in each 

phylogeny. Hence the posterior density of rate parameters contains all the 

variability that is attributed to phylogenetic uncertainties. To search among a large 

number of evolutionary models, the Reversible-Jump MCMC method (Green, 

1995) can be used to reduce the number of rate classes in the model (i.e. 

constraining possible moves in the evolutionary pathway) while visiting models in 

proportion to their posterior probabilities which directly estimates the support for 

comparative hypotheses (Pagel and Meade, 2006). 
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Figure 2. Densitree of 901 Sino-Tibetan phylogenies in the posterior sample. See Chapter 3 

and Zhang et al. 2020 for details of this tree sample. 

 

2.4.2 Alternative templates of evolutionary histories 

The improved access to a wide range of comparative cultural data allows 

recent comparative studies to study patterns of cultural diversity at a global scale. 

To control for phylogenetic associations, these studies used the ‘supertree’ – a 

single phylogeny of global populations across continents and language families 

by scaffolding existing linguistic and genetic phylogenies with topological 

constraints and time calibrations (Duda and Zrzavýa 2019). This is an extremely 

coarse measure of phylogenetic associations, by reducing hundreds of thousands 

of inferred phylogenies into a single phylogeny, it discards information about 

phylogenetic uncertainties required for estimating the statistical confidence of 

conclusions about various aspects of trait evolution. Moreover, the ‘supertree’ 

discounts two fundamental aspects of cultural diversification: (1) distinct 
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trajectories of cultural versus biological descent (represented by linguistic and 

genetic phylogenies, respectively), and (2) lineage-specificity of cultural 

evolutionary processes.  

The lure of using a global tree is its generality, but it can sometimes mask 

ecological and continental differences in the evolution of the cultural traits of 

interest. For example kinship in sub-Saharan Africa appears to co-evolve with 

pastoralism, with matrilineal kinship arising where cattle pastoralism is absent  

(Holden and Mace, 2003); whereas in the Pacific, where there is no cattle 

pastoralism, matriliny appears to be more closely associated with fishing beyond 

the reefs (BenYishay et al., 2017). A more geographically specific focus can make 

the evolutionary ecological relationships much clearer. Contrasting pairs of 

cultures at the global level implicitly assumes the existence of a universal process 

of cultural macro-evolution across cultural lineages, which received little support 

in empirical studies that found lineage-specific trajectories of cultural trait 

evolution (Dunn et al., 2011, Passmore and Jordan, 2020). While genetic and 

linguistic phylogenies both represent the evolutionary history of the culture-

bearing populations, they do not match perfectly (Posth et al., 2018, Duke, 2001). 

Interactions between groups (e.g. intermarriage, trading, political integration) can 

lead to gene flow across ethnolinguistic boundaries (Steele and Kandler, 2010) 

and cultural borrowings to a lesser extent as migrants tend to adopt the language 

and cultural practices of the new group under conformity bias (Mace and Jordan, 

2011, Boyd and Richerson, 1985). Language phylogenies may be more 

appropriate for modelling cultural evolution because its timespan is comparable 

to the evolution of cultural norms and institutions, which is only a fraction of the 

timescale of human genetic evolution (Steele and Kandler, 2010). Words also 

evolve at a faster rate than genes, therefore linguistic phylogenies can provide a 

useful template to model evolutionary events that occurred rapidly (Pagel, 2009, 

Grollemund et al., 2015).  

 

2.4.3 Statistical pitfalls 

Reconstructing the evolution of continuous cultural traits using 

phylogenetic independent contrast methods carries implicit assumptions about 

rates of cultural evolution in the various branches of the tree. For instance, the 

‘phylogenetic generalized least square’ (PGLS) method (Freckleton, Harvey, and 
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Pagel 2002) calculates the expected covariance between pairs of taxa using the 

branch lengths of a phylogeny. PGLS assumes that continuous traits evolve under 

a Brownian process, such that variation between taxa accumulates along all 

branches of the tree at a rate proportional to the length of the branches; This 

permits estimates of nodal values and hence allows nested contrasts to be drawn. 

Nodal estimates of continuous traits below an independent contrast would 

assume independent evolution of traits at the nodes of any deeper contrasts (Burt, 

1989), hence the branch algorithm only uses the data from any single tip in the 

calculation of a single contrast.  

Recent developments of phylogenetic inferences for cultural comparative 

studies proposed an adaptation of the phylogenetic regression models to formally 

assess hypotheses of directional causality (rather than identifying associations) 

of multiple social/ecological factors with the evolution of cultural traits using path 

analyses (van der Bijl, 2018). Path analyses assess correlational patterns among 

variables as predicted by possible latent relationships of causation, co-variance, 

and independence among variables. However, the observed correlational pattern 

may not be unique to the modelled latent process and path analyses do not 

estimate ancestral states and long-term evolutionary processes explicitly. 

Another area of recent methodological development sought to adapt the 

independent contrast procedure to incorporate multiple social/ecological 

determinants of cultural diversity in both discrete and continuous formats. 

However, the inclusion of categorical variables in phylogenetic independent 

contrast methods is problematic. Without explicit parameters of transition rates, 

there is no sensible model for reconstructing the nodal values of a categorical 

variable, except where all daughters share the same categorical value (Burt, 

1989). Transformation of categorical data into ordinal or continuous data may be 

required but it can only be justified if a monotonic relationship exists among 

categories, discrete cultural traits with independent categories (e.g. kinship 

descent of patriliny, ambiliny, or matriliny) cannot be treated as ordinal variables.  

For continuous traits, when the assumption of Brownian trait evolution is 

not met, scaling factors (e.g. lambda, kappa) can be incorporated to transform the 

covariance matrix and improve the fit of the model to the data (Pagel, 1999). The 

scaling factor is equivalent to the pooling factor in the Bayesian hierarchical model 

with varying slopes and varying variances. For instance, small values of lambda 
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close to zero suggest no pooling towards the population mean (little effect of 

phylogenetic association) while a large value of lambda close to one indicates 

complete pooling of estimates towards a common population mean (trait 

distribution structured by phylogeny more than the Brownian motion predicts). An 

alternative to the Brownian model is the Ornstein-Uhlenbeck (OU) model (Lande, 

1976) – originally developed to model stabilising selection with a slope of adaptive 

optimum (α) and an error term permitting a limited range of drift. In Bayesian 

phylogenetic inferences, the α parameter from an OU model can also be used as 

a scaling factor to improves the fit of the PGLS models (e.g. Blankers, Adams & 

Wiens, 2012) and is rarely interpreted as corresponding to any kind of process. 

The OU process models a more complex evolutionary process, however, it should 

be applied with caution for small cultural datasets. A simulation study (Cooper et 

al., 2016) found that very small amounts of error in datasets can have profound 

effects on the inferences derived from OU models. Moreover, the OU model is 

frequently incorrectly favoured over simpler evolutionary models using likelihood 

ratio tests because it models a non-linear effect on the expected variance which 

likely violates assumptions of likelihood ratio tests.  

Applying statistical procedures originally developed for large biological 

datasets on smaller cultural datasets present many methodological challenges. 

Statistical inferences that explicitly estimate rates of extinction, speciation, and 

trait transition show limited power with a small sample size  (Ackerly, 2000, Davis 

et al., 2013). Inferred values of model parameters may not correspond to a 

specific and unique evolutionary process. For instance, a recent simulation study 

(Louca and Pennell, 2020) showed a given phylogeny can result from an infinite 

number of alternative combinations of extinction and speciation rates that are 

equally likely, and a single numeric estimate of extinction rates independent of 

speciation rates is not a robust measure of diversification dynamics. Model 

selection and hypothesis-testing using the likelihood criterion would not be 

appropriate if inferred parameters do not explicitly characterize the evolutionary 

process and many alternative scenarios with similar likelihoods exist. Adapting 

complex models of biological evolution for cultural comparative studies should first 

be validated with simulation studies to formally assess the confidence in model 

parameters accurately reflecting latent evolutionary processes of cultural traits 

(Freckleton et al., 2015). 
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Phylogenetic comparative inferences assume all comparative cultural data 

were coded accurately. In practice, comparative cultural data were manually 

coded based on the judgment of coders and ethnographic/historic sources 

available to them (Slingerland et al., 2020); subjective aspects of this coding 

procedure could potentially lead to errors in the comparative data. If the sample 

size is small, which is often the case for cultural datasets, coding errors can lead 

to very different conclusions and renders the entire analysis invalid. For existing 

datasets (e.g. the Ethnographic Atlas), missing data are likely to be non-random 

and disproportional among small-scale societies, which limits the power of 

imputation procedures. If comparative data were coded manually, researchers 

should report detailed criteria for their coding procedure, especially how they 

differentiate missing data from the absence-state, and report inter-coder 

agreement (e.g. using Cohen’s kappa (Cohen, 1960)). 

 

2.5 Future directions 

Theoretical studies in evolutionary biology offered an abundance of 

hypotheses that are applicable to the macro-evolutionary study of cultural 

diversity. Only the arrival of powerful computers enabled developments such as 

the use of large Bayesian tree samples. The improved computational power in the 

future would enable more complex evolutionary models to be applied to 

comparative cultural data, but also requires a larger sample size for meaningful 

conclusions to be drawn from probabilistic inferences. Methodological 

development for comparative studies of cultural evolution should proceed 

cautiously to avoid pitfalls discussed in the previous section. Complex models 

adapted from other disciplines need to be validated with simulation tests before 

being applied to cultural comparative studies, to ensure that the cultural dataset 

contains sufficient information to inform the inferences and does not violate any 

statistical assumption, and that inferred parameters and confidence intervals are 

meaningful in reflecting the reality of cultural diversification (Boettiger et al., 2012).  

Existing comparative cultural databases can be incomplete, limited in sample size, 

and prone to coding errors. Future comparative studies will benefit from 

interdisciplinary expertise to validate existing codes and continuous efforts of data 

collection (manual or automated) to expand existing databases. Existing 

phylogenies can also be improved with more comprehensive and balanced 



 

 

  47 

sampling. Increasing knowledge of minority and extinct languages and cultural 

groups can help expand the coverage of ethnolinguistic groups in phylogenies to 

include more underrepresented groups (e.g. non-agriculturalist cultures). 

Incorporating extinct taxa in time-calibrated phylogenies provide more robust 

estimates for reconstructing both extinct and extant lineages through time (Pyron 

and Burbrink, 2014, Slater et al., 2012). Prior knowledge about the cultural traits 

in ancestral groups based on historical, archaeological, or genomic records can 

provide a more comprehensive sample of character states throughout 

evolutionary history. These can be specified as ‘fossils’ which fix the character 

states of ancestral nodes in phylogenetic inferences to inform more robust 

estimates of transition rates through time (Fritz et al., 2013, Slater et al., 2012).  

Given contemporary data of cultural traits in different groups, phylogenies 

can be used to infer the historical evolutionary processes that have existed in the 

past. The validity of comparative methods for testing evolutionary hypotheses 

depends on correctly identifying independent instances of cultural change on a 

phylogeny that accurately represent the history of descent. Uncertainties in 

reconstructing the phylogeny and evolutionary processes can be acknowledged 

using statistical procedures, but they will always limit the confidence of our 

conclusions and paint a blurry picture of the evolutionary history. To obtain 

realistic estimates from phylogenetic inferences, more empirical data are needed.   

But we should take care not to throw out the baby with the bathwater: big data 

may enable the study of huge global samples but we must try to not lose the 

specificity in hypothesis testing that makes such studies of evolutionary or 

anthropological interest.  
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3. Reconstructing the Sino-Tibetan evolutionary history 
 

3.1 Chapter summary 

An accurate reconstruction of Sino-Tibetan language evolution would 

greatly advance our understanding of East Asian population history. Two recent 

phylogenetic studies (Zhang et al., 2019, Sagart et al., 2019) attempted to do so 

but several of their conclusions are different from each other. In this study, my 

collaborators and I reconstructed the phylogeny of the Sino-Tibetan language 

family, using Bayesian computational methods applied to a larger and 

linguistically more diverse sample. My supervisor and collaborators 

conceptualised this study and found relevant linguistic data from an open-source 

online platform.  I collected historical data from Chinese-language sources to 

inform the ‘fossil’ calibrations when reconstructing the phylogeny, and reviewed 

a wide range of genetic and archaeological literatures to inform the interpretations 

of our findings. I independently carried out all computational inferences in BEAST 

and diagnostic analyses in R and Tracer software, and drafted the manuscript for 

publication.  

Our results confirm previous work in finding that the ancestral Sino-

Tibetans first split into Sinitic and Tibeto-Burman clades, and support the 

existence of key internal relationships. But my inferences suggest that the initial 

divergence of this group occurred earlier than previously suggested, at 

approximately 8000 years before the present, coinciding with the onset of millet-

based agriculture and significant environmental changes in the Yellow River 

region. These findings illustrate that key aspects of phylogenetic history can be 

replicated in this complex language family, and calls for a more nuanced 

understanding of the first Sino-Tibetan speakers in relation to the “early farming 

dispersal” theory of language evolution. The work presented in this chapter is 

published as a research paper in the journal Scientific Reports entitled “Dated 

phylogeny suggests early Neolithic origin of Sino-Tibetan languages” (Zhang et 

al., 2020).  
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3.2 Background 

Sino-Tibetan languages make up the second-largest language family in the 

world (Matisoff, 1991) comprising around 500 languages that stretch from the 

western Pacific to the Himalayas, Nepal and India-Pakistan in the west, and 

account for around 1.4 billion of the world’s speakers. A long history of frequent 

and often intimate contact with speakers of other language families (e.g. 

Austroasiatic, Tai-Kadai, Hmong-Mien, Austronesian, Altaic) and complex 

histories of population migration have meant that Sino-Tibetan languages exhibit 

complex morphologies which have posed challenges to traditional linguistic 

comparative studies designed to understand the origins and genealogical 

relationships among the Sino-Tibetan languages (LaPolla, 2001). Using 

traditional methods, many linguists favour the ‘farming dispersal’ hypothesis 

(Diamond and Bellwood, 2003), proposing that Sino-Tibetan languages arose in 

agricultural societies in Northern China (e.g. Yangshao culture) around 6,500 BP 

and expanded westwards into the Himalayas with the dispersal of millet 

agriculture (LaPolla, 2001, Handel, 2008, Sagart, 2005). According to this 

“Northern China origin” hypothesis, the Sinitic or Chinese languages form the 

primary branch near the root of the Sino-Tibetan tree (Benedict, 1972, Matisoff, 

2003, Thurgood and LaPolla, 2003).  

An alternative to the “Northern China origin” proposal is that the ancestral 

Sino-Tibetan speakers were early Neolithic populations from Sichuan who 

migrated westward to the Lower Brahmapūtra basin before 9,000 BP then 

eastward to the Yellow River basin around 8,000 BP (Van Driem, 1998). More 

recently, some linguists have suggested that the earliest speakers of Sino-Tibetan 

were highly diverse foragers living in the eastern Himalayas before 9,000 BP who 

migrated westwards to the high Tibetan Plateau after 7,500 BP and later 

eastwards to China by 5,000 BP (Blench and Post, 2010). Both the “Eastern 

Himalayan origin” and the “Sichuan origin” hypothesis, expect that the Sino-

Tibetan phylogeny will have a rake-like topology where all subgroups evolved 

independently from each other; Sinitic and Bodish clades are predicted to be 

closely related to each other and form a lower level subgroup among other 

languages of secondary migratory populations (Peiros, 1998, Van Driem, 2014, 

Blench and Post, 2010).  
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The development of statistically-based Bayesian phylogenetic inference 

methods makes it possible formally to test among the various theories for the 

origin of the Sino-Tibetan languages. Unlike traditional comparative linguistic 

studies that compare morphological features, Bayesian inference methods 

applied to linguistic data compare cognates of core vocabulary that are relatively 

resistant to horizontal borrowings (Nichols, 1992). Languages may be especially 

useful for studying modern human cultural history because the pace of most 

genetic evolution can be too slow to resolve relatively recent events (Pagel, 2017). 

In addition, where there has been, as with the Sino-Tibetans, a long history of 

migrations, the genetic historical signal can obscure the relevant cultural-linguistic 

history because cultures (and their languages) can often remain relatively stable 

in the face of genetic immigration (Pagel, 2009).  

In agreement with the “early farming dispersal” hypothesis (Bellwood, 

2005), two recent Bayesian phylogenetic studies of the Sino-Tibetans (Zhang et 

al., 2019, Sagart et al., 2019), using independently derived linguistic datasets, find 

evidence that Sinitic languages do indeed form the primary branch near the root 

of the Sino-Tibetan tree and suggest that ancestral Sino-Tibetans were millet 

farmers from Northern China. But the two studies estimate different timings for 

the initial Sino-Tibetan divergence, 5871 BP (Zhang et al., 2019) versus 7184 BP 

(Sagart et al., 2019), and yield different phylogenetic relationships among 

subgroups and time-depths of subgroup formation. To address these 

uncertainties in Sino-Tibetan language evolution, this chapter investigates the 

phylogeny of the Sino-Tibetan languages using a third lexical dataset based on a 

larger and linguistically more diverse sample (Methods, Tables S6-S8). This 

provides an unusual opportunity to examine the credibility and generalizability of 

the Sino-Tibetan phylogeny’s features and comes at a time when the importance 

of independent replication of scientific findings is increasingly recognized, 

especially in the human sciences (Nosek and Errington, 2020).  

The dataset comprises information on shared cognates for 110 items of 

vocabulary for 131 Sino-Tibetan languages (Figure 3) and makes use of 

calibration points taken from written historical records. Bayesian phylogenetic 

inference methods, in combination with calibration points, were employed to infer 

a time-calibrated phylogenetic tree. The statistical approach makes it possible 

directly to assess the strength of support for alternative phylogenies, including 
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hypotheses about the most probable outgroup to the Sino-Tibetans, the timing of 

the origin of this language family and the support for relationships among its major 

clades.  

 

 

Figure 3. Geographical distribution of major clades of the 131 Sino-Tibetan languages. 

 

3.3 Materials and Methods 

3.3.1 Language data.  

Cognate data for basic vocabulary terms in 131 Sino-Tibetan languages 

adapted from reconstructions by Peiros & Starostin (Peiros and Starostin, 1996) 

were accessed from the Tower of Babel project (http://starling.rinet.ru/ 

babel.php?lan=en). Bai language was removed due to a high level of horizontal 

borrowing and Southern Chinese as it largely duplicates another Sinitic language 

in the sample (Beijing). The starling dataset comprises the Swadesh 100 word list 

(Swadesh, 1971) plus 10 additional concepts (far, heavy, near, salt, short, snake, 

thin, wind, worm, year). Loan words or borrowings are identified in the original 

dataset, and these were removed before performing phylogenetic inference. In 
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some cases, more than one word was used to represent a particular meaning in 

a given language. These were coded as an additional binary trait for that meaning. 

This yielded a dataset in which each concept or meaning was treated as a single 

character with its associated cognates represented as multistate data; these 

multistate data were converted to presence/absence data to give a binary matrix 

coding for the presence (state=1) or absence (state=0) of 1726 cognate sets.  

 

3.3.2 Map of geographic distribution  

The scatter plot of sampled Sino-Tibetan language distribution was 

generated in Python v3.7.4 using the Plotly package v4.12.0 

(https://plotly.com/python/). Geographic coordinates of language were accessed 

from the World Language Mapping System dataset (WorldGeoDatasets, 2017) 

and Ethnologue (Simons, 2017). 

 

3.3.3 Phylogenetic inference 

Posterior distributions of phylogenetic trees were inferred using a Bayesian 

Markov-chain Monte Carlo (MCMC) inference framework applied to the binary 

data, and as implemented in the program BEAST2 (Bouckaert et al., 2014). 

Bayesian methods allow users to sample trees and model parameters in 

proportion to their posterior probabilities, given the data, a model of cognate 

evolution and a set of prior beliefs about the distributions of model parameters 

and of the tree itself.  

 

3.3.4 Models of cognate evolution  

Several models of cognate evolution (Table 2) were compared for their 

ability to describe the data: the simplest continuous-time Markov model that 

characterises rates of gains (0®1) and losses (1®0) of cognate classes (m1p), 

the m1p model augmented by gamma-distributed rate heterogeneity (with four 

rate categories) (Yang, 1994), and the m1p model augmented by a binary 

covarion model (CV) (Tuffley and Steel, 1998) that allows binary sites to switch 

on or off throughout the tree. The m1p model allows cognates to appear and 

disappear from a single language more than once over the course of time, 
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mimicking the effect of word-borrowing and can accommodate a moderate level 

of horizontal transmission in the data (Atkinson et al., 2005). Priors on the 

transition rates were set to be exponentially distributed with mean of 10. 

3.3.5 Tree priors 

The fossilised birth-death tree prior (Heath et al., 2014) was used which is 

appropriate for time-structured data in which some taxa might not survive to the 

present, and makes no assumptions about population sizes or their stability 

throughout the time period covered by the tree. The proportion of sampled taxa 

(out of all languages in the family) is modelled with a uniform prior [0-1].  

 

3.3.6 Inferring dated trees 

Six time-calibrations were specified on the tree (Table 1). Extinction timings 

of Old Chinese, Padam, and Shaiyang were calibrated with last-seen dates 

identified by linguists(Norman, 1988, Peiros and Starostin, 1996); three internal 

nodes (the most recent common ancestor of Lolo-Burmese languages, of Pumi 

languages, and of Naxi languages) were calibrated based on historical records of 

the earliest observation of distinct descendant groups as the latest date of their 

most recent common ancestor. Dated trees were then inferred under a strict clock 

model and a model allowing for rates of evolution to vary among branches (so-

called relaxed-clock model (Drummond et al., 2006)). The relaxed-clock approach 

allows the rate of lexical evolution to vary throughout the tree (Penny et al., 2001). 

Rate variation in the relaxed-clock was inferred with a log-normal prior (µ=1.0, 

s=0.1).  
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Table 1. Time calibrations of ancestral nodes 

Historical events Time Calibrations References 

Extinction of  

Old Chinese 
300 ~ 800 B.C. Uniform [-2300, -2800] (Norman, 1988) 

Extinction of Padam 1900 A.D. -120 (Peiros and Starostin, 1996) 

Extinction of Shaiyang 1900 A.D. -120 (Peiros and Starostin, 1996) 

Lolo-Qiangic  

common ancestor 
Before 418 A.D. Uniform [-1602, -∞] 

“麽些蛮祖泥月乌逐出吐蕃” 

History of Yuan, 1370 A.D. 

Pumi  

common ancestor 
Before 1863 A.D. 

 

Uniform [-157, -∞] 

Social History Survey of Jinuo 

Pumi (1990). 

(云南省编辑委员会, 1990) 

Naxi  

common ancestor 
Before 1723 A.D. Uniform [-297, -∞] 

Social History Survey of Naxi 

(1987). 

(四川省编辑组, 1987) 

 

3.3.7 Model selection  

Evolution models were compared using the stepping stone analysis 

implemented in BEAST2 (Bouckaert et al., 2014) with 100 steps and 1 million 

samples per step to derive log marginal likelihoods of different evolution models. 

Table 2 shows log marginal likelihoods and log Bayes factors of all candidate 

models. The best fitting model is m1p augmented by binary covarion with relaxed 

clock. The relaxed-clock model with m1p+CV emerged as the best-supported 

model and used to infer the final posterior sample of trees (Table 2).  
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Table 2. Log marginal likelihoods of alternative cognate evolution models. Model of cognate 

gain and loss (m1p) augmented by gamma rate heterogeneity with four rate categories (G4) or 

binary covarion (CV). Models of tree rate variation are strict clock (strict), relaxed clock with rates 

sampled from lognormal distribution (relaxed). Log marginal likelihoods were derived from 

stepping stone analyses implemented in BEAST2 with 64 steps and 1 million samples per step. 

 

Cognate Evolution 
Model 

Clock Model Log Marginal 
Likelihood 

Bayes 
Factor 

m1p + CV relaxed -28492.79 -  

m1p + CV strict -28525.19 65 

m1p + G4 relaxed -31893.97 6802 

m1p + G4 strict -31894.21 6803 

m1p strict -33849.32 10713 

m1p relaxed -33849.59 10714 

 

 

3.3.8 MCMC chains 

Five Markov chains, each with a burn-in period of 5,000,000 iterations and 

then 50,000,000 iterations to sample the posterior space at intervals of 50,000 

iterations producing a posterior distribution of 900 trees with low average 

autocorrelation chains converged to the same regions of the parameter space. 

The final sample of 900 trees was drawn from one of the five chains. The 

maximum clade credibility tree was derived using TreeAnnotator v2.6.0 (Rambaut 

and Drummond, 2014).  
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3.4 Results 

 
Figure 4. Maximum Clade Credibility tree of 131 Sino-Tibetan languages. Inferred with 

relaxed clock and covarion model using the Sinitic clade fixed as the outgroup. Posterior 

probabilities of internal nodes are shown. The time scale is in units of thousand-of-years before 

the present.  
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3.4.1 Dated Phylogeny of Sino-Tibetan languages.  

The covarion model (Tuffley and Steel, 1998) emerged as the best 

supported model of cognate class evolution (Table 2), and used it in all analyses 

reported below. To identify the outgroup of Sino-Tibetan phylogeny, cognate data 

were inferred without any monophyletic constraint on the outgroup. Similar to the 

two previous studies of the Sino-Tibetans, the unconstrained analyses found the 

Sinitic clade as the best supported outgroup, occurring in the data with 80.13% 

posterior probability, followed by the second candidate (Sinitic + Sal + Tani + 

Kiranti + Kho-Bwa clades) with a much lower posterior probability of 14.32%. 

Inferences with the outgroup constrained to be Sinitic are better-fitting than 

inferences without outgroup constraints (Bayes Factor = 20.18, Table 3). Based 

on these findings, all further phylogenetic inferences constrain the Sinitic clade to 

be the outgroup. No other monophyletic constraints were placed on the tree.  

 
Table 3. Log marginal likelihoods of phylogenetic reconstructions without and with Sinitic 
outgroup constraint. Both inferred with the most likely evolution model (relaxed-clock + m1p + 

binary covarion). Log marginal likelihoods were derived from stepping stone analyses 

implemented in BEAST2 with 100 steps and 1 million samples per step. 

Outgroup constraint Log marginal likelihood Bayes Factor 

No outgroup constraint -28468.32 20.18 

Sinitic outgroup -28458.23 - 

 

The time-calibrated phylogenetic tree of the Sino-Tibetans (Figure 4) yields 

posterior support with greater than 95% probability for ten independent 

subgroups: Lolo-Burmese, Qiangic, Bodish, Naga, Kuki-Karbi, Karenic, Kho-Bwa, 

Sal, Tani, and Kiranti. Unlike previous studies, results did not find posterior 

support for Tibeto-Dulong, Tani-Idu, or Tibeto-Gralrongic as independent 

subgroups. Mean ages of these subgroups were similar to two previous 

computational phylogenetic studies (Zhang et al., 2019, Sagart et al., 2019). The 

mean root age is estimated at 7983 years BP, with a 95% highest posterior density 

interval of 4778 ~ 11285 BP. The root represents the first divergence event of the 
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proto-Sino-Tibetan language ancestral to all extant Sino-Tibetan languages 

sampled. Inference of the mean root age and the other time depths using the 

Sinitic outgroup constraint are nearly identical to inferences without any outgroup 
constraint (See Figure A2 in Appendix A).  

 

3.4.2 Phylogenetic Topology and Linguistic Taxonomy.  

Linguists have differing opinions on several features of the internal 

topology of the Sino-Tibetan language tree. Kiranti languages are thought by 

some to be closely related to Magar, Kham, and Chepang (Bright, 1992, Zhang 

et al., 2019). However, the results (Figure 4) show that Kiranti forms a distinct 

subgroup (posterior probability = 0.92), independent of other Himalayan 

languages, as has been previously proposed (Winter, 1991), and that it is unlikely 

to originate from the same ancestor as Magar, Kham, and Chepang (posterior 

probability = 0.02). Tani languages share some similarities to Taraon and Idu and 

there is uncertainty among linguists as to whether this arises from common 

descent or contact and borrowing(Thurgood and LaPolla, 2003). There is little 

support for Tani languages to form a subgroup with Taraon and Idu (posterior 

probability = 0.32).  

There is no evidence for the view (Thurgood and LaPolla, 2003) that 

Dulong is closely related to Gyalrong (Jiarong) and Qiangic languages, and only 

weak support for the view that the Bodish and Lolo-Qiangic languages form an 

independent subclade (posterior probability = 0.40). By comparison, Lolo-

Burmese and Qiangic languages seem to be closely related (posterior probability 

= 0.95). Bodo, Konyak, and Jingpo languages can be classified into a single 

subgroup ‘Sal’ (Burling, 1983). Nevertheless, there is very little support for the 

classification of Sal languages as a separate branch from all other Tibeto-Burman 

languages (Benedict, 1976).  

The “Eastern Himalayan origin” hypothesis proposes that the prehistory of 

Sino-Tibetan languages is characterized by a prolonged parallel evolution of 

Himalayan subgroups and that Sinitic languages differentiated from Bodish and 

Lolo-Qiangic languages recently. Although the inferences support the scenario of 

Himalayan subgroups evolving in parallel, there is no evidence that Himalayan 

languages were ancestral to Sinitic languages (Blench and Post, 2010). The 
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“Sichuan origin” hypothesis proposes a deep dichotomy between a Northern 

clade of Sinitic and Bodish languages, and a Southern clade of Lolo-Qiangic and 

Karenic languages (Van Driem, 1998), this topology is not supported. Both the 

“Eastern Himalayan origin” and “Sichuan origin” hypotheses propose that Kuki-

karbi is the most likely outgroup of Sino-Tibetan phylogeny and predict Sinitic and 

Bodish languages to be closely related to each other (Peiros, 1998, Van Driem, 

2014). There is no evidence of a Kuki-karbi outgroup or a Sino-Bodish subgroup.  

According to the “Northern China origin” hypothesis, the Sinitic languages 

form the primary branch near the root of Sino-Tibetan tree and all non-Sinitic 

languages descended from an ancient common ancestor (i.e. proto-Tibeto-

Burman) (Benedict, 1972, Matisoff, 2003, Thurgood and LaPolla, 2003). 

Previously (Zhang et al., 2019), the initial divergence of Sino-Tibetan languages 

was associated with the geographic spread of millet agriculture from the Yellow 

River basin, based on the inferred age of Sino-Tibetan phylogenies. Results here 

replicate an early bifurcation into the Sinitic clade and the Tibeto-Burman clade 

and Sinitic languages forming the primary branch near the root. Nonetheless, the 

estimated date of initial divergence suggests that the first Sino-Tibetan speakers 

were more likely to be growing populations of incipient agriculturalists, rather than 

out-migrating groups of specialised agriculturalists.  

 

3.5 Discussion  

Results show that the Sinitic and Tibeto-Burman languages first began to 

diverge during the early Neolithic, at approximately 8,000 years BP, earlier than 

previous estimates for this group (Zhang et al., 2019, Sagart et al., 2019), 

although 95% posterior density intervals of all three studies overlap. The greater 

time-depth probably owes to the sample containing a wider range of linguistic taxa 

than previously studied, including Naga, Kho-Bwa, Karenic, Konyak – languages 

that are distantly related to Sinitic languages. The inferred date of 8,000 years BP 

for the initial divergence between Sinitic and Tibeto-Burman languages coincides 

with the onset of millet-based agriculture in the Yellow River region (circa. 8100–

7700 BP) (Leipe et al., 2019), and a period of significant environmental change 

from cold-dry (11,000–8,700 BP) to warm-wet conditions (8,700–5,500 BP) in 

North-central China (Lu et al., 2007, An et al., 2000) and in South China (10,400–
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6,000 BP) (Zhou et al., 2004). A recent study found a substantial population 

growth in Neolithic northern China started in the late seventh millennium BCE, 

which was likely initiated by the onset of millet-based agriculture (Leipe et al., 

2019). Recent palaeoecological studies with high-resolution data also showed 

that, in North-central China, the transition to warm-wet climate took place at 

8,100–7,900 BP, followed by rapid development of sedentism and social 

complexity (Shelach-Lavi et al., 2019, Liu, 2005).  

On average, the reconstructed phylogeny showed that first Bodish 

speakers were present circa. 5,000 BP and Bodish languages began to diverge 

around 3,600 BP, consistent with the archaeological evidence that modern 

humans settled extensively in the northeastern Tibetan Plateau with millet 

cultivation around 5,200 BP, and further expanded to high-altitude plateau areas 

3,600 BP with barley and sheep (Chen et al., 2015). The inference is also 

consistent with the genetic finding that proto-Tibeto-Burman populations 

experienced large population expansion from 4.2 to 7.5 thousand years ago 

(Wang et al., 2014). 

Archaeological records suggest there was a marked population growth 

during the sixth millennium BC (8,000 BP) in the middle Yangzi region (Jiao et al., 

2006). From 8,000BP to 4,000 BP, archaeological records suggest a 50-fold 

increase in population in the Yellow River valley (Qiao, 2007). Nevertheless, the 

strongest evidence for large scale migration by Neolithic farming populations in 

North-central China is from 6,500 to 4,500 BP (Chi and Hung, 2008, Ness, 2014). 

Ancient-DNA analyses also suggest that early Neolithic farmers in North China 

did not expand into southeast China until after around 6,000 BP (Yang et al., 

2020). Although millet domestication began in North China as early as 10,000 

years BP (Lu et al., 2009), archaeological records show that subsistence 

strategies relied heavily on foraging and plant domestication played rather minor 

roles in subsistence during the early Neolithic period (Liu and Chen, 2012, Cohen, 

2011).  

This calls for a more cautious interpretation of the inferred root age, and a 

more nuanced understanding of the first Sino-Tibetan speakers than ‘out-

migrating farmers’ (Bellwood, 2005). A previous study (Zhang et al., 2019) 

associated the initial divergence of Sino-Tibetan languages with the geographical 
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spread of millet agriculture. However, the trigger for language divergence 

processes was not necessarily migration or geographical separation. Inferred root 

age (initial divergence date) likely represents the formation of subgroups of 

speakers separated by distinct ecological niches or social distances, who are no 

longer in frequent contact and thus start to innovate their language in different 

ways. Unlike farming dispersals in western Eurasia, where farmers with Middle 

Eastern ancestry largely replaced hunter-gatherers in Europe (Malmstrom et al., 

2009), farming in East Asia may have spread gradually through the mixing of 

farmers and hunter-gatherers.   

A more nuanced version of the ‘early farming dispersal’ hypothesis 

(Heggarty et al., 2010) recognises that prehistoric language expansions did not 

occur when the first settled agricultural societies arose but only after a suite of 

food production and domestication practices coalesced into a mobile agricultural 

package which would follow the migrating populations into new territories. In the 

Sino-Tibetan region, this means adaptation to the mountainous terrain of 

Southwest China and the high altitude of the Tibetan Plateau and the Himalayas 

which is a prolonged process over millennia. In North-central China, it took two to 

three millennia for the development of agriculture and animal domestication to 

raise population size sufficiently for demic spread to occur (Bellwood, 2009).  

The evolutionary history of Sino-Tibetan populations is complex and 

mosaic. Both archaeological and genetic studies suggested that the initial 

occupation of the Tibetan plateau was followed by multiple migrations at different 

times and from different places (Aldenderfer, 2011). Whole-genome sequence 

data estimate that modern Tibetan and Han Chinese populations diverged from 

their shared ancestral population circa. 15,000 to 9,000 BP (Lu et al., 2016). There 

is archaeological and genetic evidence for subsequent waves of migrations of 

Neolithic millet farmers to the Himalayas during the mid-Holocene (Li et al., 2019, 

Wang et al., 2018, Chen et al., 2015, Qin et al., 2010, Zhao et al., 2009). Both 

demic and cultural diffusions might have occurred during the transition of the 

Neolithic agricultural economy on the Tibetan Plateau (Qi et al., 2013). There 

might have been more than one expansion, or a series of movements, from Yellow 

River basin westwards, rather than a singular major Neolithic migration of millet 

farmers from Northwestern China into Tibetan Plateau and the Himalayas (Rhode 

et al., 2007, Shelach, 2000). The low resolution of branching orders among 
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Tibeto-Burman clades is expected given the wide sampling of languages distantly 

related to the Sinitic clade and reflects inherent uncertainties associated with 

reconstructing the evolutionary history of Sino-Tibetan languages. 

Sino-Tibetan languages are distributed over most land areas of East Asia 

in a wide range of ecologies (e.g. lowland plain, mountains, basins, deserts, and 

high plateau) (Liu, 1985, Sternberg et al., 2015). The sparse distribution of 

ethnolinguistic groups over Eastern China and the Tibetan plateau is in sharp 

contrast with the Himalayan region, one of the most linguistically diverse regions 

in the world and home to around 600 languages (Turin, 2007). While major 

expansions of Sinitic and Bodish speakers had assimilated many earlier linguistic 

groups in China (Blench and Post, 2010, Roche and Suzuki, 2018), the Himalayan 

region maintained high levels of ethnolinguistic diversity (Kraaijenbrink et al., 

2014), possibly as the result of stochastic drifts and long-term geographical 

isolation. The mountainous terrains of the Himalayan regions largely limited 

opportunities for social contact and cultural diffusion for groups living in close 

proximity (Turin, 2007). Furthermore, the persisting semi-feudal political-

economic system on the Tibetan Plateau may have facilitated social isolation 

among populations of different social statuses (Goldstein, 1971) which could act 

as barriers for ethnolinguistic homogenisation. These geographic and social 

barriers are conducive to rapid cultural diversification (Foley and Mirazón Lahr, 

2011), which supports the finding that Himalayan subgroups are likely to have 

evolved independently despite their geographical proximity.  

With a balanced sample representative of ethnolinguistic diversity, this 

Sino-Tibetan phylogeny can be used for anthropological comparative analyses. 

Linguistic phylogenies can approximate the evolutionary history of cultural groups 

and are useful for studying the evolution of cultural traits against the background 

of cultural group descent. Since cultural groups descended from the same 

ancestral group are related historically, we cannot assume cultural differences as 

results of independent innovations without considering the descent of cultures. 

Phylogenetic comparative methods control for associations among cultural 

groups arising from their shared ancestry. They can be applied to estimate the 

ancestral states of a cultural trait, and test whether the transmission of cultural 

traits was functionally linked to particular ecological circumstances or 

geographical proximity (Guglielmino et al., 1995). Recent phylogenetic 
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comparative studies have provided key insights into cultural evolution in 

Austronesian, Bantu, Indo-European, Pama-Nyungan and Uto-Aztecan 

populations (Moravec et al., 2018). The reconstructed phylogeny here has been 

applied to a quantitative cross-cultural database to study the cultural evolution of 

kinship and subsistence among Sino-Tibetan cultures (Ji, Zhang et al., under 

review). The Himalayan region is one of the last refugia for ethnolinguistic 

diversity which have remained largely unexplored in cultural evolutionary studies. 

Future studies using this reconstructed phylogeny can elucidate the evolutionary 

history of Sino-Tibetan cultures. 

 

3.6 Conclusion  

An accurate reconstruction of Sino-Tibetan language evolution would 

greatly advance our understanding of East Asian population history. Two recent 

phylogenetic studies attempted to do so but several of their conclusions are 

different from each other. This chapter presents the reconstruction of the Sino-

Tibetan language phylogeny, using Bayesian computational methods applied to 

a larger and linguistically more diverse sample. Results confirm previous work in 

finding that the ancestral Sino-Tibetans first split into Sinitic and Tibeto-Burman 

clades, and support the existence of key internal relationships, but the initial 

divergence of this group occurred earlier than previously suggested, at 

approximately 8,000 years before the present (BP), coinciding with the onset of 

millet-based agriculture and significant environmental changes in the Yellow River 

region. These findings illustrate that key aspects of phylogenetic history can be 

replicated in this complex language family, and calls for a more nuanced 

understanding of the first Sino-Tibetan speakers in relation to the “early farming 

dispersal” theory of language evolution. 
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4. Sino-Tibetan kinship evolution  
 

4.1 Chapter summary 

Dispersal strategies have long been of interest to anthropologists and 

biologists, as they structure populations and determine patterns of kinship, 

relatedness and cooperation.  In most non-industrial, food-producing human 

societies, females usually disperse at marriage. Only in a minority of human 

societies, males disperse or neither sex disperse at marriage. It is widely believed 

in China that matriarchal kinship was the ancestral human kinship system, and 

patriarchal systems, with female dispersal at marriage, only evolved later (Harrell, 

2011, Feng, 2013). Genetic and archaeological evidence is mixed on when 

female dispersal evolved in the Sino-Tibetans. In this study, I use cultural 

phylogenetics to address this question. Using the reconstructed phylogenetic tree 

of Sino-Tibetan languages and dispersal strategies identified from a variety of 

ethnographic and historical sources, I compare the likelihood of different 

ancestral states of female dispersal at marriage, based on the contemporary 

distribution of post-marital residence across cultures. I also examine patterns of 

the closely related kinship trait of descent. Results suggest that the ancestral 

states at the root of the Sino-Tibetan cultural phylogeny reflect male-centred 

kinship (i.e. female dispersal and patrilineal descent), contrary to popular beliefs 

in China that female-centred kinship system was prevalent among prehistoric 

Sino-Tibetan populations.  

The work presented in this chapter is submitted to the journal Evolution and 

Human Behavior as part of the research paper entitled “A phylogenetic analysis 

of dispersal norms, descent and subsistence in Sino-Tibetans” currently under 

the third round of peer review. Works done by my collaborator on the co-evolution 

of Sino-Tibetan kinship with pastoralism/agriculture were excluded from this 

chapter. The writing, analyses and results presented in this chapter were works 

of my own. I coded the comparative data of Sino-Tibetan kinship systems from 

Chinese ethnographic sources, the coding procedure was replicated by my 

collaborator to ensure inter-coder reliability. I independently carried out all 

computational inferences in BayesTrait and diagnostic analyses in R, produced 

all figures, and collected historical data from Chinese-language sources to inform 
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the ‘fossil’ calibrations in comparative inferences. I reviewed genetic and 

archaeological literatures to inform the theoretical background and interpretations 

of findings.  

 

4.2 Background 

The origin of human kinship systems is amongst the oldest questions in 

anthropology.  Norms of dispersal, and hence post-marital residence, have long 

been of interest to anthropologists and biologists, as they structure populations 

and determine patterns of kinship, relatedness and cooperation. Dispersal and 

post-marital residence norms are usually strongly correlated with norms of 

descent and inheritance of wealth and titles, for example, patrilocal residence 

correlates with patrilineal descent, whereas matrilocal or duolocal residence is 

strongly correlated with matrilineal descent and inheritance (Opie et al., 2014).  

Despite widespread male-centred kinship systems in Sino-Tibetan regions, 

theories of ancestral female-centred kinship are widely believed in China (Harrell, 

2011, Feng, 2013).  The notion that female-centred kinship systems are ancient 

can have implications for how such kinship systems are perceived, even today, 

when ‘ancestral’ is sometimes wrongly conflated with notions of being primitive. 

In 1888, Edward Tylor presented his observations on kinship, marriage and 

descent customs across human cultures in London (Tylor, 1889). His hypothesis 

was in line with the unilineal theory of the anthropologist Lewis H. Morgan (Engels 

and Morgan, 1978), who predicted that maternal systems preceded paternal 

systems as societies evolve to be more complex.  Lewis Morgan’s theory of 

kinship and social evolution largely influenced Frederick Engels’ sociological 

theories, who defined “matrilineal descent as the original system” (pg. 13) and 

“primitive matrilineal gens as the stage preceding the patrilineal gens of civilized 

peoples” (pg. 18) (Engels and Morgan, 1978).  Proponents of this theory being 

applicable in China also draw references from ancient Chinese literature and 

mythology. For instance, “昔太古常无君矣，其民聚生群处，知母不知父。” ——

《吕氏春秋·恃居览》(“At remote antiquity, there was no political leader, people 

live together in groups, they were aware of mothers but not of fathers.” Spring and 

Autumn Annals, 239 B.C.) described a female-centred kinship system of ancestral 

Han Chinese; “冉駹夷者……贵妇人，党母族。”——《后汉书 南蛮西南夷传》
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(“Rân Máng  people... respect women, are partial to the matriline.” Book of the 

Later Han, 220 A.D.) recorded a female-centred kinship system of ancestral 

Jiarung in South-West China. However, this literature only offers tentative support 

and pre-historical texts are prone to misinterpretation. Whether there were any 

unilateral descent systems at all in prehistorical China, before the male-centred 

kinship was institutionalized in the Han Dynasty, is open to question (Hou and 

Goodman, 2010). 

 Some evidence on ancestral patterns of residence is now becoming 

available from genetic and archaeological studies, although findings are 

contradictory.  Data on kinship leave little trace in the archaeological record, but 

many archaeologists sought to fit prehistorical Sino-Tibetan societies into the 

unilinear societal evolution paradigm with intuitive interpretations of 

archaeological excavations. Sites of Yangshao culture (5000~3000 B.C.) and 

Hongshan culture (4500~2500 B.C.), such as Jiangzhai and Niuheliang, are often 

interpreted as egalitarian, matrilineal societies based on the layout of burial sites, 

feminine figurines and female-biased distribution of burial goods (Nelson and 

Rosen-Ayalon, 2001, Feng, 2013). One study suggests male-biased gender 

inequality, as measured by physical health, parental investment, and burial 

investment, gradually emerged in central China during the Bronze Age (Dong et 

al., 2017).  The Fujia community of Dawenkou culture in China (circa. 2800-2500 

B.C.) is thought likely to have been matrilocal due to the low mtDNA diversity and 

relatively high diversity of Y-chromosomes in a burial site excavation (Dong et al., 

2015).  However, this contrasts with the patrilocal burial patterns found in the later 

Shang dynasty (circa. 1600-1046 B.C.) (Chang et al., 2005). It is possible that the 

observed patterns of mtDNA diversity belong to different lineages that were not 

necessarily widespread. A study of the genetics of the matrilineal Mosuo suggests 

that matriliny arose in the late Neolithic (Lu et al., 2012). However, the confidence 

intervals on estimated dates are wide, so it is hard to link the emergence of 

matriliny to particular clades.  Other genetic evidence showed that Y haplotypes 

of Han Chinese do not vary much across China but mtDNA has a clear North-

South divide, suggesting that male-led southward migrations of Han during 

warfare over the last 1200 years could have introduced male-centred kinship 

systems to historically matrilocal groups in South-West China (Wen et al., 2004).     

Human kinship systems are socially transmitted from parent to offspring 
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and maintained by frequency dependence and in-group conformism. Cultural 

phylogenetics, based on anthropological, historical, and linguistic data, provides 

an alternative method to address the question of the evolutionary history of 

kinship systems.  Ethnolinguistic groups that share common ancestors cannot be 

presumed to have acquired the same sets of cultural traits independently. In 

cross-cultural analyses, the non-independence of cultures may cause us to 

overestimate the association between cultures. Francis Galton questioned 

Morgan’s methodology, which conflated dependence with the frequency of 

concurrence, and suggested that customs may be interdependent due to shared 

ancestry. “Galton’s problem”, as it became known in anthropology, has since been 

addressed by using phylogenetic comparative methods on cultural diversity 

(Mace and Pagel, 1994). Prehistorical and evolutionary relationships between 

cultures can be mapped onto linguistic phylogenies due to the properties of 

language as a cultural replicator (Pagel, 2009). A study of matrilineal Mosuo and 

Pumi in southwest China shows how a few villages of formerly patrilocal Northern 

Pumi switched to duolocal residence relatively recently after migrating into a 

predominantly duolocal Mosuo region in 1863 (Ji et al., 2016). Frequency 

dependence is a factor that may help maintain phylogenetic signals both in the 

linguistic tree and in the evolutionary patterns of kinship evolution, despite 

intermarriage and other forms of cultural contact between groups (Mace, 2005).  

By mapping ethnographic data on kinship systems onto linguistic 

phylogenetic trees, phylogenetic comparative methods can be used to make 

inferences about the pattern of cultural evolution, including ancestral states and 

patterns of historical change in kinship along the branches of the tree. Cultural 

phylogenetic comparative methods have previously been applied to study the 

evolution of kinship systems in Bantu, Indo-European, and Austronesian 

populations (Jordan et al., 2009, Opie et al., 2014, Fortunato, 2011). Mace and 

Jordan showed that Austronesian kinship traits (e.g. single-community patrilines, 

kin terminology, matrilineal descent, unilineal descent, brideprice, and cousin 

marriage) are best predicted by nearest phylogenetic neighbour instead of 

nearest geographical neighbour (Mace and Jordan, 2011). A phylogenetic study 

using linguistic data from five large language families (Austronesian, Bantu, Indo-

European, Pama-Nyungan and Uto-Aztecan) showed that evolutionary 

trajectories of post-marital residence systems are likely to be unique to each 

language family (Moravec et al., 2018).   
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Figure 5. Distribution of kinship systems across Sino-Tibetan societies (WorldGeoDatasets, 
2017). Female-centred kinship (pink) is where males disperse at marriage, and male-centred 

kinship (blue) is where females disperse at marriage.  Boundary colours indicate language 

subgroups. 

 

4.3 Methods 

4.3.1 Phylogeny 

A comprehensive Sino-Tibetan phylogeny based on linguistic data from 131 

Sino-Tibetan languages (Zhang et al., 2020) is used. After burn-in, a sample of 

901 trees was taken from the Bayesian posterior distribution of Sino-Tibetan 

phylogeny. Trees were pruned to the number of languages for which ethnographic 

data on sex-specific dispersal, subsistence and descent were available.  

4.3.2 Ethnographic data 

Ethnographic data in the Ethnographic Atlas (Murdock, 1967) were 

independently corroborated with data extracted from government censuses, 

ethnographic publications, and historical records where possible. In addition, 

ethnographic data of Sino-Tibetan groups currently residing in China were 
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extracted from historical sources, including government census in the 1950s (A 

Collection of Social Historical Survey of Chinese Ethnic Minorities 《中国少数民

族社会历史调查资料丛刊》(Wang, 1994)) and anthropological publications (e.g. 

A Collection of Acaedemia Sinica History and Language Studies Theses 1930-

2000: Ethnic and Societies Volume《中研院历史语言研究所集刊论文类编・民族

与 社 会 编 》 (Academia-Sinica, 2009)) and coded independently by two 

researchers. Ethnographic data of Sino-Tibetan groups currently residing outside 

China were obtained from Murdock’s Ethnography Atlas, (Murdock, 1967) World 

Culture Encyclopedia (www.everyculture.com), and Encyclopaedic Ethnography 

of the Himalayan Tribes(Bisht and Bankoti, 2004), and other sources shown in 

the SI.  

References to proto-Sino-Tibetan groups in historical records (e.g. Records 

of the Grand Historian《史記・西南夷》109 B.C., Book of the Later Han 《后汉

书》 445 A.D., Book of Tang《旧唐书》945 A.D., New Book of Tang 《新唐书・

南诏传》1060 A.D., History of Yuan 《元史・地理志》 1370 A.D.) were noted as 

timeline references for fossilizing branch nodes (Table 4) and accessed via 中華

經 典 古 籍 庫  (Zhonghua Ancient Books Database) at 

http://publish.ancientbooks.cn/docShuju/platform.jspx.  

Sex-specific dispersal was decoded from norms of post-marital residence. 

Specifically, in patrilocal and neolocal, females disperse at marriage (female 

disperse), in matrilocal and duolocal, females do not disperse (females stay). This 

study distinguishes patrilineal from non-patrilineal descent. Nodes were fossilised 

when precise chronological and geographical information appear repeatedly in 

historical records.  
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Table 4. Node Fossils and References 

 

 

4.3.3 Comparative analyses of sex-specific dispersal  

Ancestral states and rates of transition between residence norms (female 

stay/female disperse) and between descent states (matrilineal/patrilineal) were 

inferred using Bayesian MCMC methods (Pagel, 1994, Pagel and Meade, 2006, 

Pagel et al., 2004) as implemented in BayesTraits (www.evolution.reading.ac.uk). 

These methods infer the parameters of the model of trait evolution, while 

simultaneously accounting for uncertainty in the phylogeny, by integrating the 

model over the posterior sample of trees. The model of trait evolution is a 

Fossilized Node Lijiang Naxi, Ninglang Naxi Pumi 1, Pumi 2 

Fossil State Non-patrilineal Patrilineal 

Text References 

1. “摩娑族……全所属民，无

正式嫁娶，知有母不知有父，沿习

既久，恬不为怪。” 

(Mosuo people have no 

formal marriage, know they have 

mothers but not fathers, this 

custom has been inherited over a 

long period of time and is the 

norm.) 

2. “冉駹夷者……贵夫人，党

母族。” 

(Rân Máng Yi people... respect 

women, are partial to the matriline.) 

“效仿永宁纳西族的走婚制，以

“望门居”为特色的阿注婚姻就开

始在……普米家族中盛行了起

来。…… 父系制下出现阿注婚姻

及演变出母系家庭的年代，我们

以……（1863年）来计算。” 

 

(Pumi 2 adopted matrilineality 

from Mosuo in 1863.) 

Sources 

1.《盐源概况》 

Yan Yuan Gai Kuang, circa. 

18th Century 

 

2.《后汉书·南蛮西南夷传》 

Book of the Later Han, 220 

A.D. 

pg. 187, Social Historical Survey 

of Jinuo and Pumi 1990  

《基诺族普米族社会历史综合调

查》第 187页 
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continuous-time Markov model as described by Pagel (1994) with rate parameters 

recording transitions to and from the two states of each trait (Pagel, 1994). The 

“reversible-jump MCMC” (RJ-MCMC) implementation of this model (Pagel and 

Meade, 2006), available in BayesTraits v3, automatically explores all possible 

models for a given k-state trait in direct proportion to their probabilities of 

describing the data, and allows hypothesis testing among models via 

BayesFactors. For instance, here, with a binary trait, there are three possible 

models: one with forward (gain) and backward (loss) rate parameters, one in 

which the forward parameter is equal to zero, and one in which the backward rate 

parameter is equal to zero. Empirical base frequencies were used to scale the 

transition rates, and rescaled the branch lengths by a factor of 0.0001 (without 

loss of generality), to prevent the rates from becoming too small. A uniform 

hyperprior with a mean and variance in the range of 0-10 seeds a gamma 

distributed transition rates prior. Each RJ-MCMC chain was run five times, with 

10,050,000 iterations (with 50,000 iterations for burn-in) and sampled every 

5000th iteration, to produce a posterior sample of 2000.  

In estimating ancestral states, the ‘most-recent-common-ancestor’ 

approach (Pagel et al., 2004) finds the node in each tree in the posterior sample 

that contains a given set of descendant taxa, and calculates the ancestral value 

at that node. Internal nodes can be set to a fixed state where historical records 

give independent information about the ancestral state, by applying the “Fossil” 

command in BayesTraits v3. This function is also a useful way to test if one state 

is significant over the other. To decide which state received better support at the 

root and at the most recent common ancestor nodes of various clades, the 

marginal likelihoods of data having fixed the node at one or the other of the two 

states were compared. For instance, the RJ-MCMC analyses for “female 

disperse” and “female stay” models were run separately, estimated the log-

marginal likelihood of the two models using the “stepping stone” method in 

BayesTraits v3, and then calculated log Bayes Factors (log-BF) between models 

(Pagel and Meade, 2006, Pagel et al., 2004). A log BF larger than 2 is indicative 

of positive evidence for supporting one model over the other. A log BF larger than 

5 indicates strong evidence that one model is better than another. 

To test the evolutionary models of changes in norms of female dispersal at 

marriage, RJ-MCMC chains were run with 10,050,000 iterations. A hyper prior 
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following a gamma distribution with a mean and variance in the range of 0-10 is 

used. The burn-in period is the first 50,000 iterations. The MCMC chain sampled 

every 5000th iteration, produce a posterior sample of 2000 models. 

The maximum clade credibility tree was derived using TreeAnnotator 

v1.8.4 (Drummond & Rambaut, 2007). Figures are produced with leaflet version 

2.0.3 (Cheng et al., 2019), ape version 5.3 (Paradis et al., 2004) and ggplot2 

version 3.2.1 (Wickham, 2016) packages in R version 3.6.1 (https://cloud.r-

project.org/) under RStudio environment (http://www.rstudio.com/). Statistical 

analyses of transition rates are carried out in Tracer version 1.6 (Rambaut et al., 

2018) and Excel. Follow the methods described in prior work (Currie et al., 2010; 

Passmore & Jordan, 2020), the posterior-to-prior odd ratio was calculated to 

determine whether certain transitions are likely to be equivalent to zero. A BF>1 

indicates positive support that the transition is assigned to zero. 

 

4.4 Results 

4.4.1 Ancestral reconstruction of female dispersal and descent 

Among the 95 Sino-Tibetan language groups that residence systems can 

be identified, the norm most of them follow is female dispersal at marriage to the 

males’ households, or to a new household established by the couple. Only in 13 

groups are females not habitually obliged to leave their natal households at 

marriage, where post-marital residence is either matrilocal or duolocal (i.e. 

‘females stay’). Evolution of female-dispersal norms is examined using a 

Bayesian method for estimating the evolutionary rates of change of discrete 

character states on the branches of a set of phylogenies (the RJ-MCMC method 

implemented in BayesTraits v3.0.1) (Pagel and Meade, 2006).  

The predicted ancestral states for dispersal norms in Sino-Tibetans is 

shown in Figure 6. There is strong support for female dispersal at marriage at the 

root of Sino-Tibetan tree (Prob=0.8684, st. dev.=0.0932, 95% HPD Interval 

[0.8286, 0.9701]).  This implies that before the Sinitic and Tibeto-Burman split, the 

proto-Sino-Tibetans already had female dispersal at marriage and hence male-

centred kinship systems. Female-centred residence norms evolved later in some 

subgroups such as Bodo-Koch (Node 23), Lolo-Burmese and Qiangic (Node 37), 

and Bodic (Tibetan, Node 59).   
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Figure 6. Ancestral states for female dispersal norms in the Sino-Tibetan language family. 
Maximum clade credibility tree summarises the final posterior sample of 1001 phylogenetic trees. 

Circles at nodes indicate proportional levels of support for the two alternative female dispersal 

systems under the best-fitting model. Branch lengths are proportional to time. Blue indicates 

female-dispersal at marriage, and red indicates female-stay at marriage. Histograms show the 

distributions of probabilities of female dispersal (blue) and females stay (red) for the most recent 

common ancestors (MRCAs) of all Sino-Tibetans (Root), of Bodo-Koch clade (Node 23), of Lolo-

Burmish and Qiangic clade (Node 37), of Bodic clade (Node 59), and of Sinitic clade (Node 91). 

Of these 5 nodes, only Node 37 is more likely to have been ‘females stay’ (i.e. matrilocal or 

duolocal). 
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By fixing the value of a focal node either as female disperse or as female 

stay, and comparing the Log Marginal likelihood (log BF) of the two models, it can 

be tested which state of female dispersal is more likely to be ancestral at the root, 

the outgroup (Node 91 Sinitic) and at three other internal nodes where female 

stay norms assembled (Node 23 Bodo-Koch, Node 37 Lolo-Burmish and Qiangic, 

and Node 59 Bodic). The results are shown in Table 5. There is positive support 

for female dispersal at marriage being the ancestral state at the root of the whole 

tree (Root), and at the MRCA of the Bodo-Koch clade which includes a small 

matrilineal Himalayan group Garo (Node 23). These results suggest that female 

dispersal was established early in the Sino-Tibetans, and the ‘females stay’ norm 

in Garo was recent. This result is in accordance with ethnographic accounts that 

Garo adopted the matrilineal social system a few generations before the 

beginning of the colonial period in the 19th century (von Ehrenfels, 1971). There 

is marginal support for female stay at the MRCA of Lolo-Burmish and Qiangic 

groups (Node 37), whereas the evidence to support any dispersal norm was weak 

at the MRCA of Bodic languages (Node 59). The common ancestor of Lolo-

Burmish and Qiangic groups, mainly inhabiting Yunnan and Sichuan in China, 

may have adopted ‘female stay’ norms around 2300 years ago, after their split 

from Bodic groups. Some Lolo-Burmish and Qiangic groups may then have 

switched from ‘female stay’ norms to ‘female disperse’ norms as the consequence 

of Han expansion into Southwestern China.  
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Table 5. Likelihoods of Ancestral Nodes in Dispersal/Stay state 

Fixed 
nodes 

Description 

Log marginal 
likelihood  

when fixed as 
female-dispersal 

Log marginal 
likelihood  

when fixed as 
female-stay 

Log-BF 

Node 1 Root -38.2767 -40.1281 3.7028 

Node 23 
MRCA of Bodo-Koch 

languages 
-38.2497 -40.2322 3.9651 

Node 37 
MRCA of Lolo-Burmish and 

Qiangic languages 
-39.3807 -38.4606 1.8403 

Node 59 MRCA of Bodic languages -38.8105 -38.8624 0.1038 

Node 91 MRCA of Sinitic languages -38.1150 -42.8364 9.4429 

 
In addition to dispersal at marriage, analyses above were applied to 

another kinship system – norms of descent. Female-centred or male-centred 

descent is correlated respectively with female-centred or male-centred residence 

patterns across cultures, both in other language families (Opie et al., 2014) and 

here in Sino-Tibetans (Table 8 and Figure 9). The maximimum clade credibility 

tree with inferred ancestral states of descent is shown in Figure 7. The results 

regarding the evolution of matrilineal descent are broadly similar to those seen for 

matrilocal post-marital residence, in that female-centred systems appear to be 

recent. Patrilineal descent appears to have followed a broadly similar evolutionary 

pattern to patrilocal post-marital residence (i.e. female dispersal).  
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Figure 7. Ancestral states for descent in Sino-Tibetan language family. Maximum clade 

credibility tree summarising the final posterior sample of 900 phylogenetic trees. Circles at nodes 

indicate proportional levels of support for the two alternative descent systems under the best-fitting 

model. Red indicates non-patrilineal descent, and blue indicates patrilineal descent. Branch 

lengths are proportional to time. Small plots near Root, Node 06, 24, 30, 77, 85, and 87 show the 



 

 

  77 

distributions of probabilities of ancestral states being patrilineal (blue) and non-patrilineal (red) at 

these nodes in posterior samples. 

 
Table 6. Likelihoods of Ancestral Nodes in Patrilineal/Non-patrilineal state 

Nodes Description  

Log marginal 
likelihood when 

fixed as 
patrilineal 

Log marginal 
likelihood when 

fixed as non-
patrilineal 

Log-BF 

Nodes 1 Root -36.6015 -38.4443 3.6857 

Node 6 
MRCA of Lolo-Burmish and 

Qiangic languages 
-36.8941 -37.5316 1.2750 

Node 24 MRCA of Bodic languages -36.6527 -38.2540 3.2025 

Node 77 
MRCA of Bodo-Koch 

languages 
-37.9650 -36.7173 2.4955 

Node 85 
MRCA of Kiranti and 

Lepcha languages 
-36.7094 -38.0032 2.5876 

Node 87 MRCA of Sinitic languages -36.4912 -41.0011 9.0199 

 

The results show positive evidence for patrilineal descent at the root (Node 

1), and at the MRCA of Bodic group (Node 24) and at the MRCA of Kiranti and 

Lepcha (Node 85). The Sinitic clade received strong support for patrilineal 

descent (Node 87, Log BF=9.0199). The Bodo-Koch MRCA is more likely to be 

non-patrilineal (Node 77, Log BF=2.4955). For the MRCA of Lolo-Burmish and 

Qiangic living in Sichuan and Yunnan areas of China (Nodes 6), there is no 

significant support for one state over the other (Log BF=1.2750), so uncertainty 

remains as to the original descent system in that clade.  
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4.4.2 Directional transitions of female-dispersal norms 

Three candidate models for the evolutionary relationships between 

‘females disperse’ and ‘females stay’ were evaluated (Figure 8). The frequency of 

each model being visited in the posterior sample is used to assess whether 

kinship evolution was unidirectional. Model 1 specifies female dispersal changes 

only from ‘females stay’ to ‘females disperse’, in line with Morgan’s unidirectional 

hypothesis that matriarchy is replaced by patriarchy. Model 2 only allows the 

transition from ‘females disperse’ to ‘females stay’. Model 3 allows transitions in 

either direction.  

 

 
Figure 8. Candidate models for the evolution of norms of female dispersal at marriage. 
Models 1 and 2 are unidirectional whereas Model 3 is non-sequential.   

 
Table 7. Prior odds, Posterior odds, and Log Bayes Factor of candidate models. For details 

of calculations, see (Currie et al., 2010). 

 Prior Odds 
Iterations 

visited 

Total 

iterations 
Total-N 

Posterior  

Odds 
Log-BF Significance 

Model 1 0.20 1043 200600 199557 0.0052 0.0262 Negative 

Model 2 0.20 31 200600 200569 0.0002 0.0008 Negative 

Model 3 2.03 199526 200600 1074 185.7784 91.6989 Very strong 

  

The ratio of posterior to prior odds (Log-BF) was used to evaluate support 

of different models in RJ-MCMC chains (Pagel and Meade, 2004). Log-BFs 

indicate both Model 1 and Model 2 receive no support, whereas Model 3 is very 

strongly supported (Table 7). The results thus suggest that changes between 

‘females disperse’ to ‘females stay’ happened in both directions in Sino-Tibetan 

history.  
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4.4.3 Co-evolution of dispersal norms and descent  

 
Table 8. Marginal Likelihoods of Independent and Dependent Evolution of Descent and 
Dispersal Norms. 

MLh(M=Independent) MLh(M=Dependent) Log Bayes Factor 

-77.882038 -67.215872 21.332332 
 
 

 
Figure 9. Inferred transition rates of the correlated evolution of Female Dispersal and 
Patriliny. Arrow widths proportional to inferred transition rates. Dashed arrows indicate transition 

rates not statistically significantly above zero.  

 

There is strong evidence (Log-BF= 21.33) that female dispersal and 

patriliny co-evolved among Sino-Tibetans (Table 8). Inferred transition rates 

(Figure 9 and Table 9) suggest that female dispersal norms are evolutionarily 

stable in patrilineal groups. Non-patrilineal groups without female dispersal norms 

can easily change their descent and dispersal norms.  

 

 
Table 9. Statistical Significance of Transitions in Co-evolution of Female Dispersal and 
Patriliny. Highlighted transition rates are not significantly above 0. (Bayes Factor (BF) < 1: 

evidence against the model; BF = 1~3: positive support; BF= 3 ~ 10: substantial; BF = 10~30: 

strong; BF=30 ~100: very strong; BF > 100: decisive)  
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Models N prior posterior Bayes Factor 

Full Model  0.243443491 0 0.000 

q12=0 308 0.496532201 0.182033097 0.367 

q13=0 231 0.496532201 0.13058225 0.263 

q21=0 159 0.496532201 0.086366105 0.174 

q24=0 302 0.496532201 0.177856302 0.358 

q31=0 22 0.496532201 0.011122346 0.022 

q34=0 124 0.496532201 0.066098081 0.133 

q42=0 811 0.496532201 0.682085786 1.374 

q43=0 651 0.496532201 0.482579689 0.972 
 

 

4.5 Discussion  

Results suggest that post-marital residence at the root of the Sino-Tibetan 

tree was female dispersal.  There is no evidence supporting the widespread belief 

that ancestral Sino-Tibetans were matrilineal and matrilocal.  Switches from male-

centred kinship systems to female-centred systems appear to be relatively recent, 

concurring with archaeological findings suggesting that matriliny may be relatively 

recent among Sino-Tibetans (Dong et al., 2017, Chang et al., 2005). The Lolo-

Burmish and Qiangic clade which includes several matrilineal cultures is the 

largest clade that may have had matrilocal or duolocal residence (i.e. female stay) 

at its MRCA.  However, no unidirectional model of kinship evolution finds support 

in the analysis, suggesting changes in kinship norms in both directions occurred 

during the evolution of the Sino-Tibetans. 

 It is possible that the phylogenetic inference masks the possibility that 

male-centred kinship was brought to groups in South-West China as 

predominantly male migrants moved southwards over the last 3000 years or so, 

during warfare and associated refugee movements (Wen et al., 2004, LaPolla, 

2001). However, the reconstructed phylogeny covers a geographical area much 

wider than just southern and western China. Historically, the Tibetan Plateau 
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underwent rounds of political disintegration and unification; it became a 

protectorate of the Mongol empire and later of the Manchu Qing Dynasty in the 

18-19th century but remained independent of the Han administration prior to the 

early 20th century. While it is possible that Bodic groups adopted male-centred 

kinship systems from the Sinitic groups via horizontal transmission, kinship 

systems are more likely to have evolved spontaneously under the semi-feudal 

political-economic system (Goldstein, 1971) than resulting from colonial influence 

or foreign contact (Zhao et al., 2009, Wu et al., 1989). Linguistic studies on kinship 

terminologies of Himalayan languages (Vinding, 1979) and Burmic languages 

(Bradley, 1989) regarding post-marital residence and preferred direction of cousin 

marriage also suggested a predominantly patrilocal proto-Sino-Tibetan society 

base. Furthermore, unlike the two other matrilineal Austro-Asiatic groups in India 

(i.e. Kerala and Khasi), the Sino-Tibetan Garo people believe that they adopted 

matrilineal system only recently from the neighbouring Khasi; its male-dominant 

institutions and religious practices also hint closer historical relationship with 

patrilineal Assamese Highlanders (von Ehrenfels, 1971).	 

If female-centred kinship systems were not the ancestral state of societies, 

why did certain ethnolinguistic groups adopt such systems but not the others? 

Various theories had been proposed for the ecological basis of female-centred 

kinship, or the ‘the matrilineal puzzle’ (Hartung, 1985). Correlational studies in the 

Solomon Islands suggest matriliny there is associated with reef fishing 

(BenYishay et al., 2017). One view is that an isolated environment due to 

mountainous topography promotes matriliny (Feng, 2006). However, genetic 

findings of Mosuo lineages’ mtDNA haplotypes clustering with patrilineal Pumi 

and Lolo lineages and high Y chromosome diversity suggests frequent intergroup 

mating, not isolation (Lu et al., 2012). Others suggested matrililny correlates with 

paternity uncertainty where males were often absent, in China for merchantile 

travels or warfare (Liu, 2008, Lu et al., 2012). Communal breeding by females 

may also favour matriliny and low paternal investment (Wu et al., 2013). Cultural 

phylogenies of Bantu languages suggest the coevolution of the patrilineal 

institution and pastoralism in Africa (Holden and Mace, 2003). Preliminary results 

from a recent study (Ji et al., under review) found descent and marital dispersal 

did not co-evolve with cattle-keeping among Sino-Tibetan groups. This is perhaps 

due to the long histories of an agropastoral economy among Sino-Tibetans. There 
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are zooarchaeological evidence that incipient agriculturalist populations in 

northern China managed wild cattle in the early Holocene (Zhang et al., 2013) 

and domesticated cattle as early as 5400-4700 years ago (Cai et al., 2014). 

Settlement of the high-elevation step of the Tibetan plateau could have been 

facilitated by the advent of an agropastoral economy, perhaps as early as ~5200 

years ago, and enabled the establishment of permanent villages fully reliant on 

agriculture by ~3600 years ago (Chen et al., 2015, Madsen, 2016, Barton, 2016). 

The co-evolution of patriliny and cattle pastoralism in Bantu cultures might be 

specific to the woodland ecology of South-central Africa which formed a 

“woodland tsetse belt” which poses a serious disease threat for cattle and are 

avoided by cattle pastoralists. 

 

4.6 Conclusion 

It is widely believed in China that matriarchal kinship was the ancestral 

human kinship system, and patriarchal systems, with female dispersal at marriage, 

only evolved later.  Genetic and archaeological evidence is mixed on when female 

dispersal evolved in the Sino-Tibetans.  This question is addressed in this study 

using phylogenetic comparative methods. A wide range of ethnographic and 

historical sources were sampled to identify dispersal strategies across Sino-

Tibetan cultures.  Alternative scenarios for residence norms and kinship descent 

in ancestral Sino-Tibetan groups were compared for likelihoods. Results suggest 

that the ancestral states at the root of the Sino-Tibetan cultural phylogeny likely 

had female dispersal norms and patrilineal descent. Contrary to popular beliefs in 

China, female-centred kinship likely arose recently among Sino-Tibetan groups. 
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5. Violence and the afterlife: a phylogenetic analysis of 
religious beliefs 
 

5.1 Chapter summary  

Beliefs about the fate of humanity and the soul after death may structure 

behaviours of religious groups. Here I test theories from religious studies: that 

belief in an imminent apocalypse co-evolved with and facilitated revolutionary 

violence, whereas belief in reincarnation caused people to acquiesce to existing 

social orders and withdraw from political activism. I test these hypotheses using 

a cultural phylogeny of historical Islamic sects and schools from the seventh to 

twentieth centuries and use phylogenetic comparative methods to show that 

these two types of belief display distinct relationships with intergroup violence. 

There is substantial evidence that apocalyptic beliefs co-evolved with 

revolutionary violence, whereas reincarnation beliefs were evolutionarily stable 

in peaceful groups. In both cases, violence precedes the emergence of beliefs, 

which suggests that conditions that generate revolutionary violence changed 

beliefs rather than beliefs generating violence. I also found that apocalyptic 

beliefs are associated with accelerated group extinction, although causal 

relationships cannot be determined.  

The work presented in this chapter is published as a research paper in the 

journal Nature Human Behaviour entitled “A phylogenetic analysis of revolution 

and afterlife beliefs” (Basava et al., 2021). My collaborator conceptualised the 

study and reconstructed the phylogeny of historical Islamic sects and coded the 

comparative data of afterlife beliefs, political activism, and religious violence, I 

replicated the coding procedure to ensure data reliability. I independently 

conducted the co-evolution analyses in BayesTraits and survival analyses in R, 

and produced all figures and tables. I led the manuscript-writing and received 

input from my collaborators in the process. 

 

5.2 Introduction  

Afterlife belief, as manifested in ancestor worship, was present at the dawn 

of human religion (Peoples et al., 2016). Humans may have an innate inclination 

towards afterlife belief because we evolved theory of mind – the ability to perceive 
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and simulate the intention of other individuals – which allows us to assign 

knowledge and concern for social behaviour to supernatural agents (Purzycki et 

al., 2016). Cultural evolutionary research on religion often emphasizes how 

identity markers and collective rituals can drive participation in violent conflict 

through engendering feelings of attachment and kinship among coreligionists 

(Ginges et al., 2010, Ginges et al., 2009, Whitehouse, 2018, Sosis et al., 2007). 

Some researchers have also suggested the diversity of eschatological beliefs 

(relating to death and the fate of the soul) among religious groups may be causally 

related to forms and levels of religious intergroup violence (Ginges and 

Shackleford, 2018, Johnson, 2018). There is experimental (Bushman et al., 2007, 

Rothschild et al., 2009) and qualitative (Graham and Haidt, 2012, Juergensmeyer, 

2000) evidence that the content of particular beliefs could influence levels of 

outgroup hostility and motivate violent acts. The promise of divine reward or the 

threat of divine punishment in the afterlife can alter the incentives of religiously-

charged behaviours (Juergensmeyer, 1987, Sosis et al., 2012). This study applies 

phylogenetic comparative methods to a sample of historical Islamic sects to test 

social science theories that two eschatological beliefs – imminent apocalypse and 

reincarnation – served either to facilitate specific forms of intergroup violence or 

suppress political activism.  

 Apocalyptic ideologies are featured in all Abrahamic religions and some 

contemporary millennialist movements (Wessinger, 2014). They commonly depict 

a catastrophic transition from the existing ‘unjust’ world into a blissful utopia of 

permanent well-being exclusively reserved for those following the “true faith”. For 

instance, the New Testament book of Revelation depicts a violent imagery of 

battles between the Good and the Evil, which ends with the triumph of the Good 

who gained entrance to the utopian world (Walliss and Aston, 2011). These 

narratives can reify group boundaries and promote parochialism by emphasizing 

the irreconcilable conflicts between those acting in accordance with divine plans 

and all others obstructing the divinely-ordained course of events. Ingroup 

members exclusively possess the truth, with all outsiders viewed as a collective 

enemy who needs to be purged before the arrival of the post-apocalyptic utopia 

(Bromley and Wessinger, 2011).  

Historians of religion argue that apocalyptic doctrines are particularly 

appealing to ‘religions of resistance’ and ‘religions of revolution’ (Lincoln, 2003). 
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Narratives of an immediate end time can attract individuals living under social and 

political oppression, and may be used to motivate revolutionary activism (Cook, 

2002). They often emphasise the moral decrepitude and injustice of ‘status-quo’ 

social orders, and an urgent need for renewal and purification. Islamic apocalyptic 

traditions have a history of links with anti-establishment movements (Bowering et 

al., 2013, Kenney, 2011). Adopting beliefs and actions to bring about the 

apocalypse, in which the world order is destroyed and rebuilt, expresses 

dissatisfaction with the current system (Gallagher, 2011, Bromley and Wessinger, 

2011), so groups with these ideologies are often seen as threats by existing power 

structures. Forceful repression by such power structures can be interpreted as a 

sign of the impending apocalypse (Wessinger, 2014). This may shift perceived 

agency from the divine to the human, driving believers to play an active role in 

fighting for the millennial kingdom rather than leaving this to God (Wessinger, 

2014, Juergensmeyer, 2003). For instance, Aum Shinrikyō, a 20th-century 

millennialist movement in Japan, when faced with divine inaction and increasing 

external opposition, resorted to violence in an attempt to bring about the millennial 

kingdom (Gallagher, 2011).  

 Apocalyptic ideologies may be interpreted as divine permission for violence 

to purify society and accelerate the end times (Wessinger, 2014, Wojcik, 2011, 

Ellwood, 1995). In the book of Revelation, martyrdom following Jesus and 

resistance against enemies at all costs were encouraged. Apocalyptic rhetoric is 

often associated with a messianic figure believed to possess exclusive access to 

divine plans and the post-apocalyptic utopia. Such figures may claim to be imbued 

with divine authority and use this to redefine required beliefs and actions for 

salvation. This may include the use of apocalyptic imagery from sacred texts or 

earlier traditions to legitimize pre-emptive aggression against outgroups to ensure 

victory (Velji, 2012). Many early Islamic sects used apocalyptic imagery to 

mobilize revolutionary movements in the aftermath of Muhammad’s death, with 

leaders taking on the title of Mahdi to legitimate their authority (Daftary, 2007, 

Tucker and ProQuest, 2008). 

The other ideology examined is reincarnation belief. In religions such as 

Buddhism and Hinduism, reincarnation beliefs have been theorized to function as 

a system justification for a world filled with inequality and injustice (Mahalingam, 

2003, Jost et al., 2014, White et al., 2017, White and Norenzayan, 2019, Willard 
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et al., 2020). In the sociological literature, reincarnation as expressed in the 

karmic Hindu system is an elegant, self-contained cosmic justification for the 

existence of castes. Despite their unorthodoxy, ideas of reincarnation have 

emerged repeatedly among various Islamic groups, primarily heterodox Shi‘i 

sects. Among such groups, misfortune and suffering among devoted, morally 

upstanding believers can be explained as the outcome of wrongs committed in 

past lives (Procházka, 2015). Some scholars have noted that beliefs associated 

with early Shiʿi sects in extant groups, including reincarnation, are present 

primarily among politically quietist populations (Obeyesekere and American 

Council of Learned, 2002). While reincarnation beliefs have been present among 

groups that have engaged in violent activities (generally Kaysāni Shiʿi sects), they 

tend to emphasize the punishment of nonbelievers who fail to recognize internal 

spiritual knowledge through rebirth cycles and exclusion from the ascending 

hierarchy of souls. Theories about the pacifying function of reincarnation beliefs 

as system justification may therefore predict an inverse relationship between 

belief in reincarnation and political activism.  

Drawing on social sciences and religious studies literature, it can be 

hypothesized that the belief in an imminent apocalypse serves to inspire 

revolutionary action (Bowering et al., 2013, Kenney, 2011, Velji, 2012)  while the 

belief in reincarnation serves to suppress political activism (Crone et al., 2012, 

Mahalingam, 2003, Jost et al., 2014). Three types of intergroup relations – 

religious violence, revolutionary violence (a specific form of religious violence), 

and political quietism – among historical Islamic sects were coded. Religious 

violence refers to a broad range of religiously-motivated, preemptive aggression 

towards the outgroup that is not for defence purposes. Revolutionary violence 

refers to a specific type of group-level violence that involves a revolt or rebellion 

to overthrow an existing power structure. Political quietism is defined as no 

participation in significant political events, including non-violent political activism 

(See SI for detailed coding criteria). Neither apocalyptic nor reincarnation beliefs 

are expected to have a positive relationship with religious violence generally as 

they do not contain elements that would independently promote religiously 

motivated violence against outgroup members. As is the case with injunctions in 

other religious traditions and/or systems of moral thought, statements in Islamic 

texts related to violence and intergroup relations have been interpreted across 

space and time in a multitude of ways heavily contingent on the relevant historical 
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and social context, regardless of sectarian identity (Abouheif, 1999, Kelsay, 2013, 

Syed, 2013, Firestone, 1999). 

Similar to biological species, religious groups evolve by descent with 

modification (Collard et al., 2006). They inherit ideologies and practices from their 

ancestral groups and occasionally modify their content before passing them on to 

descendent groups (Sosis and Alcorta, 2003, Sterelny, 2017). Variation in these 

beliefs and practices contribute to the differential abilities of religious groups to 

compete with one another by gaining new members and maintaining existing 

members. Failure to compete often results in group dissolution, a process 

comparable to species extinction (Wilson, 2003). Disputes over ideology or 

practices can lead to the splitting of one group into multiple lineages, a process 

parallels to cladogenesis in biological evolution. It is therefore possible to 

represent the evolutionary history of Islamic sects by reconstructing a phylogeny 

calibrated by timings of splitting and extinction events that were recorded in 

written history. A phylogeny of historical Islamic sects is reconstructed using 

written historical records in a bottom-up way (rather than the top-down approach 

using contemporary linguistic or genetic data to infer unknown evolutionary 

history). In cases of overlaps in group memberships and ideologies, some groups 

were not explicitly represented on the phylogeny, such as some early theological 

schools which overlapped in adherents and doctrines with the legal schools 

included as taxa on the current tree. 

Cultural evolutionary studies have provided key insights into the diversity 

of religious and political systems observed nowadays. Phylogenetic comparative 

methods have been applied to examine the signalling functions of religious 

practices (Wilson, 2003), the transmission patterns of violent ideologies 

(Matthews et al., 2013), the evolutionary relationship between human sacrifice 

and social stratification (Watts et al., 2016), and conversion rates to Christianity 

(Watts et al., 2018). Previous studies suggest the transmission of violent religious 

ideologies tend to be inherited from ancestral groups rather than borrowed from 

neighbouring groups (Matthews et al., 2013). Although religious beliefs are 

shaped significantly by context and are susceptible to horizontal borrowing from 

surrounding traditions, the two beliefs examined here lie at the core of sect 

identities and can be traced along the vertical trajectory of Islamic history. Islamic 

scholars also recognize the significance of historical continuity. One scholar of 
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Ibāḍi Islam even compares studying contemporary Wahbi Ibāḍi thought to gain 

insight into classical Khārijte beliefs with studying modern bird species to better 

understand extinct dinosaurs (Gaiser, 2010).  

Based on secondary literature of written historical records, a phylogeny 

representing the evolutionary history of Islamic sects is reconstructed and used 

to map the presence or absence of eschatological beliefs to all contemporary and 

historical sects at its tips (Figure 10). To build the phylogeny, information on the 

formation of Islam into separate schools and sects from its inception in 610 CE to 

2000 CE was taken from secondary sources, generally, books and peer-reviewed 

journal articles, as well as reference works with entries by scholars of Islamic 

studies. Islamist (political Islamic) groups formed after 1900 CE were excluded, 

due to their discontinuity with previous phylogenetic history and difficulty in being 

clearly designated as religious groups, as they frequently encompass political 

parties and/or militias and have varying levels of theological cohesion.  

 Groups included as taxa were compiled from multiple sources (see SI). 

The starting points were the four Sunni legal schools and three main branches of 

Shiʿism as described in reference sources and secondary sources on Islamic 

history (Bowering et al., 2013, Lapidus, 2012, Cook, 2001). With these forming 

the basic structure of the tree, research was conducted into further branches such 

as the Nizāris, Karramis, and Ibāḍis. The words most closely reflecting a 

reasonable unit of analysis to serve as taxa on the tree - “sect” and “school” - were 

searched primarily through the Brill Encyclopaedia (Bearman, 2012) online entries. 

Group names were also searched in the main reference sources used and in 

additional academic papers. During this process, the information found in these 

sources on the formation and evidence for distinct doctrines, the context in which 

they were formed, and, if applicable, the context of extinction or splitting into 

further groups, was documented to decide whether and where to include them in 

the phylogeny (for instance, some were argued to be fabrications by medieval 

scholars, or too similar to parent groups in doctrine to fully count as a separate 

group). The reconstructed phylogeny has 55 tips and 56 internal nodes. 20 of the 

56 internal nodes correspond to identifiable historical sects, so the phylogeny 

represents 75 Islamic sects overall.  Presence of eschatological beliefs and 

violence were coded then tested for correlated evolution between these beliefs 
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and three types of intergroup relations: religious violence, revolutionary violence, 

and political quietism.  

 

Figure 10. Time-Calibrated Reconstruction of the Phylogeny of Islamic Sects. Horizontal axis 

indicates Year CE (absolute time). Topology based on historical records of the splitting events of 

Islamic sects from its inception circa. 610 CE to 2000 CE. The reconstructed phylogeny is fully 

bifurcating. 20 internal nodes with known character states were identified and fixed using the 

“Fossil” command in BayesTraits v3 to inform ancestral state reconstruction and co-evolutionary 

analyses.  

 

While reincarnation beliefs may have originally been transferred through 

contact with surrounding non-Islamic traditions like Manichaeism (Daftary, 2007, 

Tucker, 2008), Shi‘i Islamic traditions in particular exhibit vertical transmission 

patterns beginning with early Shiʿi sects which deified ʿAli and some imams 

(Daftary, 2007). They appear among some groups of Ismāʿīli Shiʿi Muslims, and 

today are present among Ismāʿīli Tayyibis, ʿAlawites, Druze, and Alevis. 
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Continuity in cosmological thought between early and later Shiʿi groups are often 

cited as examples of historical relatedness (Tucker, 2008). Though apocalyptic 

beliefs are more common and diffusely distributed, they often contain recurring 

motifs drawn from Islam’s origin as an expectant apocalyptic movement such as 

the Greater and Lesser signs of the Hour from the Ḥadīth (Johnson and Krüger, 

2004). In Shiʿi Islam, the Mahdi or Qā’im (“the one who rises”) abolishes injustice 

and establishes a long-lasting messianic kingdom, reflecting a history of social 

and political oppression due to its minority status (Ellwood, 1995, Norenzayan et 

al., 2016). Vertical transmission of such narratives through Islamic sects is evident 

in Shi‘i groups, with sects deriving their names from their respective recognized 

imams, and with expectant messianism emerging from Usuli Twelver Shi‘ism in 

the form of the Shayki, Bābī, and Bahai’ movements one millennium after the 

occultation of the twelfth imam (Lincoln, 2003). Phylogenetic signal analyses also 

indicate vertical transmission of these beliefs (See Table 10). 

 

5.3 Methods  

5.3.1 Tree building and taxa definition 

An attempt was made to classify these groups as such consistent with how 

they are considered in scholarly works on Islam. However, while there have been 

some efforts to create and implement typologies of Islamic groups (Saeed, 2007, 

Khuri, 2014), this literature is relatively sparse and there is generally no 

consistency in the terms used to classify various types of groups (Sedgwick, 

2000). The biased and often polemical nature of primary historical records of initial 

sects can also create problems with identifying and defining taxa at these periods 

(Gaiser, 2009, Lewinstein, 1992). To address these issues, source-critical studies 

were used to make informed decisions on which groups to include in the final 

phylogeny (Spannaus, 2007). 

 In general, a group was included if sources provided evidence of distinct 

theological doctrines that could be effectively coded under characters of interest. 

Groups ultimately included on the tree would display evidence of a distinct identity; 

i.e. through having split from another group over a doctrinal disagreement, 

through establishing their own polities, or developing/constituting their own school 

of theological thought. This included Sunni legal schools as well as various 
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movements which emerged from them, and Shiʿi sects which may have originally 

split due to leadership disagreements but which developed different practices or 

beliefs from their parent group.  

Sufism, which can be described as encompassing a set of interpretations 

of Islam based on internal spirituality (Bulliet et al., 2013, Sedgwick, 2003, 

Dressler, 2008), was not independently represented on the tree with its own 

subgroupings (although some included taxa are heavily influenced or derived from 

Sufism, such as the Barelwīs). Although a portrayal of Sufism using its orders and 

sub-lineages as taxa would be quite tree-like, this tree would not match onto the 

current phylogeny and would render trait coding across taxa incoherent, as it is 

possible for adherents of different legal schools or sects to belong to the same or 

multiple Sufi orders. Theological schools such as the Muʿtazila and the Ashʿari, 

despite playing central roles in the development of Islamic philosophical and legal 

thought (Cook, 2001) were not represented on the tree for similar reasons. 

Although complete equivalency in the types of groups across the tree was not 

possible, the final tree contains a best attempt to represent the diversity across 

Islamic doctrinal evolution from the seventh through the twentieth centuries.   

Building a tree from historical data allowed for greater certainty of 

ancestors and character states at internal nodes; however, this also resulted in 

some subjectivity in depicting connections between taxa. While some 

relationships are well recorded and uncontroversial, some groups do not have 

clear lines of descent, and their placement on the tree was based on the recorded 

geographical and historical contexts in which they arose. For instance, the Hanafi 

Sunni school was divided into non-Indian and Indian branches, the latter of which 

was used to root Indian Islamic movements founded in the 19th century, including 

the Ahmadi movement. Although descent from Hanafism is not as evident in 

Ahmadi theology as it is in other Indian Muslim groups such as the Barelwīs and 

Deobandis, Hanafism was the predominant form of Islam in India at this time 

(Warren, 2013) and Ahmadis are recorded as following Hanafi practices during 

prayer (Burhani, 2014). As with the definitions of taxa, arguments can be made 

for different placements on the tree (or exclusion altogether) for many of these 

groups; however, the current portrayal is again a best attempt at accuracy based 

on information in secondary sources. 
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The tree was written in Newick format, with branch lengths calibrated in 

Mesquite (Maddison and Maddison, 2007) and R. Polytomies, where orders of 

splitting events could not be ascertained from historical records, were resolved 

using the multi2di function in the ape package which breaks polytomies in random 

order so the final tree is fully bifurcate with a minimum branch length of 1e-07. 

The final tree has 52 tips, of which, 30 are extant, and 51 internal nodes. Nodes 

represent known extinct groups ancestral to contemporary sects and splitting 

events. The datings of some of these splits were exact, generally when there were 

schisms over the succession of a group and the death date of the last agreed-

upon leader was known, while others were much more approximate, such as the 

coalescence of doctrines into a legal school. Splits were dated using information 

from secondary scholarly sources.  

Defining the unit of analysis referred to as a species or cultural group is a 

challenge in the study of both biological and cultural evolution, and for 

phylogenetic representations specifically (Slingerland et al., 2020). An attempt 

was made to classify these groups as such consistent with how they are 

considered in scholarly works on Islam, with source-critical studies used to make 

informed decisions on which groups to include in the final phylogeny (Gaiser, 

2009, Lewinstein, 1992). In general, a group was included if sources provided 

evidence of distinct theological doctrines that could be effectively coded under 

characters of interest.  

 

5.3.2 Dataset and character coding 

Data were coded using secondary historical and reference sources. While 

a dataset is obviously static, in comparison with the dynamic nature of beliefs and 

practices within cultural groups, characters were coded at their states either at the 

time of a group’s extinction, or for extant groups, the state for the majority of the 

date range 1900-2000 CE. The characters used in the analyses were religious 

and revolutionary violence, apocalyptic beliefs, belief in reincarnation, and political 

quietism. All these variables were coded as a binary character, for presence (1) 

or absence (0) in each group.  

Religious violence was coded as present if it was preemptive and a 

religious motive was explicitly mentioned by the source. This included: fighting 

crusaders, conducting jihad, seeking to establish some form of caliphate or 
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imamate, or the use of violence to enforce one’s interpretation of Islamic virtues 

and prevent wrongdoing (as with an activist interpretation of the doctrinal 

injunction to “command right and forbid wrong”; see Cook, M., 2001). In contrast, 

violence described as being used for defensive or political purposes (i.e. the 

Druze fighting to resist military conscription by the Ottomans in the 19th century) 

would not be included. For example, to code the Hurufis, descriptions in the 

Encyclopaedia Iranica and the Brill Encyclopaedia of Islam were consulted. As 

Hurufi rebellions/revolts are mentioned in both sources, and participants are 

described as “devotees of the sect he [founder Fażl-Allāh] had founded” (EI), they 

were coded as present for both religious violence and revolutionary action. 

Revolutionary violence was coded as present when sources described 

members of a group as leading or participating in a revolt or rebellion to overthrow 

an existing power structure. There was often overlap with events coded under 

religious violence (i.e. overthrowing an existing regime to establish an imamate), 

so the same sect could be coded as similar or different for the two variables. 

Examples of this include: early Khārijite sects that considered it obligatory to rebel 

against unjust rulers, 8th century Kaysani groups which attempted rebellions 

against the Ummayads, and groups who rose against existing rulers and 

established their own polities, such as the medieval Ibādis. For instance, the 

Hādawi Zaydi imāms are described in a chapter of Haider (2014) on the 

development of Zaydi ideology as rebelling against Ottoman authorities and 

establishing a Zaydi state. This is also described in the entry on Zaydism in the 

Brill Encylopaedia(Madelung et al., 2008). Therefore, the Hādawis were coded 

present for revolutionary action. 

To code “political quietism”, groups were given a coding of presence (1) or 

absence (0) depending on whether they were primarily politically quietist. This 

variable was defined as not participating in any revolts or significant political 

events. The resulting codes were similar but not identical to reverse coding of 

revolutionary violence - groups which had engaged in violent uprisings against 

authority would automatically be coded as absent (0) for the political quietism 

character, but other groups which had engaged in nonviolent political activism 

would also be absent. This included groups such as contemporary Alevis or 19th 

century Ahmadis, which have been involved in non-violent political movements 

and conflict with religious majorities(Dressler, 2008, Friedman and Ryerson, 
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2009). For example, the Jafari Bohras are described in Daftary (2007: 277) as 

converting to Sunnism under persecution by Gujurati rulers in the 15th century and 

are not described as participating in political activism or violence. As such, they 

were coded present for quietism.  

The character for apocalypticism refers to the belief in the imminent end of 

the world and renewal into a new order. Apocalyptic belief is coded present (1) if 

sources stated that members of a group thought that the Mahdi or Qā’im was 

about to or had already appeared, rather than generally holding a belief in the end 

of time and a judgement day, as this would be present across most of the tree. 

Some groups initially held these beliefs but lost them later. If this occurred, the 

group was coded in the state at which it became extinct. This trait was coded in a 

relatively conservative manner; for instance, contemporary Bahá'ís, while 

sometimes described as a millennialist movement, were given an absent coding 

because such beliefs are not thought to form a central part of their doctrine 

today(Smith and Collins). For instance, the Qarmatians, a dissident Isma‘ili sect 

in the 10th-11th centuries, are described in multiple sources(Daftary, 2007, 

Madelung et al., 2008, Haider, 2011, Tucker, 2008) as refusing to accept the 

Fatimid caliph ‘Abdallah’s declaration that he was the hidden Mahdi, and prepared 

for the impending return of Muhammad b. Isma‘il as qā’im and the end of the era 

of Islam. Therefore, they were coded as present for apocalyptic belief. 

Although beliefs in reincarnation vary widely across different religious 

traditions, the reincarnation character here was defined simply as the belief that 

the soul can or will be reborn into another physical body after death. This is 

regardless of whether such a fate awaits only unbelievers, or if the body will be 

human or animal. The default coding for reincarnation belief was absent due to 

the heterodox nature of such beliefs in Islam and only coded as present if a source 

explicitly stated they were held by members of a sect. For example, to code the 

Bayaniyya, descriptions of early Shi'i sects in Daftary (Daftary, 2007), Tucker 

(Tucker, 2008) and the Brill Encyclopaedia were consulted. Although the 

Bayaniyya had heterodox beliefs such as literal anthropomorphism of God and 

are included among the 'ghulat' Kaysani sects, some of which held beliefs in the 

transmigration of the soul, reincarnation beliefs are not mentioned in these 

sources as associated with this particular sect. Therefore, they were coded absent 

for reincarnation beliefs. 
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In the absence of any description of involvement in violent conflict in the 

literature consulted, the extent of secondary sources and detail of a group’s 

history was considered when deciding whether it was reasonable to code 

revolutionary or religious violence as absent. If there was extensive literature on 

a group but no mention of any such activity, we coded absence. For instance, the 

Akhbārīs is recorded as participating in violence with Uṣūlis in the 17th and 18th 

centuries, but these same sources (Gleave, 2007, Haider, 2014) (which are quite 

detailed) do not mention any attempts to overthrow established governments, so 

they were coded as absent for revolutionary violence.  If, on the other hand, a 

group was relatively obscure and only described in two or three sources then the 

absence of such a mention would result in a “NA” code.   

 

5.3.3 Testing for phylogenetic signals of characters 

Phylogenetic signals for apocalypticism, reincarnation beliefs, and 

revolutionary and religious violence as binary variables were tested with Fritz and 

Purvis’ D statistic (Fritz and Purvis, 2010) in the caper package in R (Orme et al., 

2013). The D statistic measures the number of state changes needed for the 

observed distribution at the tips of the phylogeny, scaled by the expected 

distribution under a Brownian motion model of evolution and the expected 

distribution if the trait is random with respect to phylogeny (Fritz and Purvis, 2010). 

A D statistic close to or below 0 indicates that a trait is phylogenetically patterned, 

while a D close to 1 indicates no phylogenetic pattern. This was calculated with 

1000 permutations across the known tree.  

 

5.3.4 Phylogenetic comparative analyses 

 ‘Multistate’ algorithm as implemented in the software BayesTraits v3 

(Meade and Pagel, 2017) is used to fit continuous-time Markov models of trait 

evolution to the observed character states (i.e. presence vs. absence) on the 

reconstructed tree (Pagel et al., 2004). For discrete traits with binary states, there 

are three possible models of evolution: one with gain and loss rates, one with loss 

rates only (gain rates equal to zero), and one with gain rates only (loss rates equal 

to zero). The rate parameters of the model record transitions to and from the two 

character states of each trait. The “reversible-jump MCMC” (RJ-MCMC) 
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implementation of this model (Pagel and Meade, 2006), available in BayesTraits 

v3, is employed. For a given character state, the RJ-MCMC model visits the 

posterior distribution of different models of evolution, as well as the posterior 

distributions of the parameters of these models, in proportion to their probabilities 

of describing the observed data. Branch lengths were rescaled by a factor of 0.001 

and used a hyper prior drawing from a uniform 0 – 10 to seed the distributions of 

transition rate priors. Each RJ-MCMC chain was run for 5050000 iterations 

(including the first 50000 iterations of burn-in period) and sampled every 1000th 

iteration, to produce a posterior sample of 5000 of most likely models and their 

corresponding rate parameters.  

 

5.3.5 Ancestral state reconstruction 

Based on information from historical records, 20 internal nodes were 

identified with known character states and fixed using the “Fossil” command in 

BayesTraits v3. To estimate the character states of unknown internal nodes, the 

‘most-recent-common-ancestor’ method (Pagel et al., 2004) identifies the 

reconstructed node in the posterior sample with a set of descendant taxa. The 

estimated ancestral state of each unknown node is a probability distribution of the 

posterior sample. Posterior means for each node are reported in Figure 11-14. 

Figures are produced with ape (Paradis and Schliep, 2019) and ggplot2 

(Wickham, 2016) packages in RStudio (http://www.rstudio.com/) software.  

 

5.3.6 Testing for coevolution 

 ‘Discrete’ algorithm implemented in the software BayesTraits v3 was used 

to analyse correlated evolution between pairs of discrete binary traits (Pagel et al., 

2004). RJ-MCMC analyses for dependent evolution and independent evolution 

models were run separately. In the dependent model, transition rates of the first 

trait are dependent on states of the second trait. In the independent model, 

transition rates of one trait are independent of those of the other. Branch lengths 

were rescaled by a factor of 0.001 and used an exponential distribution (mean = 

10) for priors. Following the first 50000 iterations of burn-in period, the RJ-MCMC 

chain was run for another 5000000 iterations and sampled every 1000th iteration, 

to produce a posterior sample of 5000 of most likely models and their 



 

 

  97 

corresponding rate parameters. For likelihood ratio test, log Bayes Factors (Kass 

and Raftery, 1995) (log-BF) between models were calculated using the log-

marginal likelihood of each model, estimated with the “stepping stone” method in 

BayesTraits v3. A log-BF larger than 2 is indicative of ‘positive’ evidence for 

supporting one model over the other. A log-BF larger than 5 indicates ‘strong’ 

evidence that one model is better than another. 

 

5.3.7 Directions of trait evolution 

Directional transitions were assessed by restricting individual transition 

rates to zero and comparing the likelihood of the reduced model with that of the 

unrestricted model. In a MCMC framework, the Bayes Factors (posterior-to-prior-

odds) were computed for each model based on the frequency with which a model 

occurs in the posterior sample compared to the prior expectation of observing that 

model (Currie et al., 2010).   

To compute the prior odds, the total number of potential evolution models 

(i.e. possible combinations of transition-rate values) were calculated. For the 

unrestricted dependent model with 8 non-zero parameters, the binomial theorem 

is used to calculate the number of possible transition rates between character 

states (n=4,140). For restricted dependent models with at least one zero-rate, the 

total number of evolution models is calculated using Stirling numbers (Pagel and 

Meade, 2006) multiplied by the number of possible positions that zero-rate can 

take and obtain a sum of 17,006. These combine to give the total of 21,146 

potential evolution models (See Table B1-B5 in Appendix B).  

Bayes Factors were compared to assess whether transition rates were 

significantly above zero. Bayes Factors values less than 1 are evidence against 

the model, values between 1 and 3 provide positive support, 3 to 10 are 

substantial, 10 to 30 are strong, 30 to 100 are very strong and values greater than 

100 are decisive.  

 

5.3.8 Time-to-extinction analyses 

Time-to-event analyses of tree branches can assess the potential impact 

of beliefs and violence on the longevity of Islamic sects. For each trait, 

proportional hazards regression models were fitted to assess whether the ending 
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state of a branch predicts its length (i.e. group duration in history). The branches’ 

ending states, and not beginning states, were recorded as the predictor for two 

reasons: (1) Extinction events coincide with the ending node/tip; (2) Most ending 

states are tips with known state but most beginning states are internal nodes with 

unknown states. It does not imply that character states remain constant along 

branches. The end of a branch may be a bifurcating node, a contemporary 

taxon/tip, or an extinct taxon. Branches leading to an extinct taxon were recorded 

as an event. Branches leading to a bifurcating node or a contemporary at the tips 

were recorded as right-censored, as extinction events may take place at times 

beyond their endings (Figure 11-14).  

Proportional hazard assumptions of Cox regression models were 

assessed using cox.zph command in ‘survival’ package in R (Therneau and 

Lumley, 2014). Given that assumptions were valid, a proportional hazards 

regression model predicting each branch’s length with its ending state was fitted 

to the data using the coxph command in package ‘survival’ (Therneau and Lumley, 

2014). Figures of survival curves are produced using the‘survminer’ package 

(Kassambara et al., 2017) in R. A multi-level frailty Cox model was fitted for sect 

duration to control for clade-level variance.  

Model inferences such as the Binary State Speciation Extinction Model 

(BiSSE) (Maddison et al., 2007) and its extensions (Beaulieu and O'Meara, 2016) 

are commonly adopted to estimate binary traits’ effect on extinction rates. 

However, these methods show limited statistical power under small sample size 

(Davis et al., 2013) and do not accommodate fossil branches, hence are not 

appropriate for the phylogeny in this study. 
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5.4 Results 

5.4.1 Phylogenetic signals of character evolution 

 

Table 10. Phylogenetic Signals of Traits. All five traits displayed varying 

phylogenetic signals ranging from below 0 to between 0 and 1, indicating that 

phylogenetic methods are advised for testing hypotheses about their coevolution 

with violence. Apocalyptic beliefs, reincarnation beliefs, and revolutionary 

violence all displayed negative D statistic, indicating a more phylogenetically 

conserved distribution than expected under a Brownian motion model (Fritz and 

Purvis, 2010).  

 

Horizontal transmission has long been recognized as a central issue to 

cultural phylogenetics (Boyd et al., 1997, O’Brien et al., 2013, Gray et al., 2007). 

Indeed, previous studies (Matthews et al., 2013) found that, among 16th century 

Anabaptists, religious ideologies unrelated to violence transmitted are transmitted 

mainly horizontally via the social network of group leaders rather than vertically 

along the phylogeny.  Apocalyptic beliefs are of course not unique to Islam or even 

Abrahamic faiths, so it is more than possible that their appearance among any 

number of these sects is the result of transmission from other groups. 

Furthermore, it is possible that reincarnation beliefs were originally transferred to 

early Shiʿi sects through contact with surrounding non-Islamic traditions like 

Manichaeism (Daftary, 2007). Nevertheless, similarities in cosmological thought 

between early and later Shiʿi groups are often cited as examples of continuity and 

historical relatedness (Ginges and Shackleford, 2018), and this is supported by 

the results of the phylogenetic signal analyses. Apocalyptic belief, belief in 

reincarnation, revolutionary violence, religious violence, and political quietism all 

Characters 
Reincarnation 

beliefs 
Apocalyptic 

beliefs 
Revolutionary 

violence 
Political 
quietism 

Religious 
violence 

Estimated D -0.358 -0.180 -0.002 0.177 0.330 

p-value (D≠1) 0 0 0 0.013 0.019 

p-value (D≠0) 0.767 0.656 0.513 0.342 0.212 
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showed evidence of non-random distribution across the tree, validating the use of 

phylogenetic methods to evaluate their evolutionary relationship (Johnson, 2018). 

 

5.4.2 Ancestral State Reconstruction 

 

Figure 11. Reconstructed Ancestral States of Apocalyptic Belief. Coloured branches 

indicate the character state a branch ends in, where the tip/node the branch leads 

to has known state. Grey branches lead to internal nodes with uncertain character 

states. To assess the potential impact of beliefs and violence on the longevity of Islamic sects, 

we assessed whether the ending state of a branch predicts its length using time-to-event analyses. 

Branches leading to an extinct group were recorded as an event. Branches leading to a bifurcating 

node or a contemporary group at the tips were recorded as right-censored, as extinction events 

may take place at times beyond their endings.  
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Figure 12. Reconstructed Ancestral States of Reincarnation Belief. Coloured branches 

indicate the character state a branch ends in, where the tip/node the branch leads 

to has known state. Grey branches lead to internal nodes with uncertain character 
states. 
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Figure 13. Reconstructed Ancestral States of Religious Violence. Coloured branches 

indicate the character state a branch ends in, where the tip/node the branch leads 

to has known state. Grey branches lead to internal nodes with uncertain character 

states. 

 

 
  



 

 

  103 

 

Figure 14. Reconstructed Ancestral States of Revolutionary Violence Belief. Coloured 

branches indicate the character state a branch ends in, where the tip/node the 

branch leads to has known state. Grey branches lead to internal nodes with 
uncertain character states. 
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5.4.3 Co-evolution 

 
Table 11. Log Marginal Likelihoods of Dependent and Independent Evolution Models. 
Evidence for correlated evolution are found for all pairs except for ‘reincarnation belief’ 
and ‘political quietism’ (independent model more likely than dependent model). Log 

marginal likelihood of each model was estimated with the “stepping stone” method in BayesTraits 

v3. Log Bayes-Factor (Log-BF) of 0~2 = weak evidence; 2~5 = positive evidence; 5~10 = strong 

evidence; > 10 = very strong evidence. 

Characters 
Dependent Model  

Log-MLh 

Independent Model  

Log-MLh 
Log-BF 

Apocalyptic Belief, 
Revolutionary Violence 

-88.2985 -90.4955 4.394 

Apocalyptic Belief, 
Religious Violence 

-93.9242 -95.1089 2.370 

Reincarnation Belief,  
Political Quietism 

-73.412446 -71.698062 3.429 

Reincarnation Belief,  
Religious Violence 

-81.767070 -85.811750 8.089 

Reincarnation Belief,  
Revolutionary Violence 

-79.291621 -80.578537 2.574 
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Figure 15. Inferred transition rates between states of eschatological belief and intergroup 
violence. Arrow widths proportional to inferred transition rates. Dashed arrows indicate transition 

rates not statistically significantly above zero. See Table 11 for estimated log marginal likelihoods 

of dependent and independent models of correlated evolution. There is no evidence for correlated 

evolution between apocalyptic and reincarnation beliefs (logBF=1.731). 

 

Comparisons of marginal likelihoods of dependent and independent 

transition models show statistically-significant evidence for correlated evolution of 

apocalyptic beliefs and revolutionary action (Figure 15 and Table 11) which is 

consistent with theories in religious studies literature noting the political potential 

of apocalyptic ideas. There is evidence that apocalyptic beliefs co-evolved with 

religious violence in general; however, the association is much weaker compared 

to co-evolution with revolutionary action. The different relationships displayed 

between apocalypticism and the two forms of violence examined here could 

indicate how a specific variant of afterlife beliefs (the idea of the immediate end 

time) is associated with a particular group-level action (violence aimed at 

overthrowing the political order). Inferred transition rates suggest that 

revolutionary action preceded apocalyptic beliefs rather than the other way 

around, contradicting the first hypothesis.  

Scholars of religion have emphasized the importance of political and social 

context in engendering political activism and revolutionary behaviour. For 

instance, Lincoln writes that “millennial expectations alone ... do not lead 

inevitably to revolution, as history abundantly documents” (2003: 87). He argues 
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that this is more likely to occur when the ruling class loses legitimacy with the 

majority of society, and that such “religions of resistance” promote millenarian 

worldviews to advance anti-authority campaigns “in which the world of the present 

is condemned as decadent or senescent, while a radically different mode of being 

is expected in the immediate future in the wake of an apocalyptic struggle” (1985: 

277). It is therefore possible that these narratives become more tenable at times 

of political instability conducive to intergroup violence (Velji, 2012, Wessinger, 

2014), rather than being a causal force. 

 Co-evolutionary analyses of reincarnation beliefs suggest that the 

presence of both reincarnation beliefs and violence was an unstable state (Figure 

15). The state with reincarnation belief present and religious violence absent is 

evolutionarily stable; transitions away from this state are all inferred to be zero. 

This suggests sects which acquired reincarnation belief following religious 

violence but subsequently lost religious violence tend to stay non-violent. 

However, the results of the correlation analysis did not indicate that groups were 

more likely to transition to politically quietist states after acquiring reincarnation 

beliefs. It is possible reincarnation beliefs in Islam do not serve the same functions 

as they are hypothesized to in karmic religions.  

There is a multitude of doctrines in Islam that more directly support 

politically quietist and/or nonviolent behaviour, including among more orthodox 

sects that do not have any reincarnation beliefs. These include the concept of 

taqiyya (dissimulation), as well as obedience to rulers or delegation of political 

authority to occulted figures. There are also countless examples, both throughout 

history and in the present day, of individuals professing belief in religious doctrines 

espousing reincarnation participating in violence.  The finding that groups with 

both reincarnation beliefs and violence were unlikely to retain both traits could 

point to a possible relationship between these beliefs and the presence or 

absence of group-level violence. However, these results may not generalise to 

non-Islamic religious groups beyond the sample here. Evolutionary researchers 

have recently begun to extend theories of prosocial religions to karmic religious 

traditions, including those where reincarnation beliefs are central (White et al., 

2017). Comparative work on reincarnation beliefs among Muslims and followers 

of religions such as Hinduism and Buddhism could shed further light on how the 
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social functions of this belief may differ from those of other afterlife beliefs across 

and within religious traditions. 

 

5.4.4 Trait-dependent extinction 

Religion has been a vital part of our social life for a long time in our 

evolutionary history (Renfrew et al., 1994, McBrearty and Brooks, 2000). How 

religion persisted in our lineage, despite the energetic costs of religious practices, 

poses an evolutionary puzzle (Powell and Clarke, 2012).  Some argue that 

religious beliefs and practices that increased the fitness of individuals or cultural 

groups were positively selected for and assembled into functional religious 

systems over time (Johnson and Krüger, 2004, Norenzayan et al., 2016, Power, 

2017a, Sosis, 2006). Sufficiently intense violence between religious groups could 

serve as a form of cultural group selection, which would favour cultural 

phenotypes promoting success in intergroup conflict (Turchin, 2016). 

Psychological and anthropological studies have shown costly behaviours that 

enhance the credibility of sincere beliefs and group loyalty are more likely to be 

copied and transmitted (Norenzayan et al., 2016, Power, 2017a). Costly 

requirements placed on community members also promote the survival and 

longevity of religious communes (Sosis and Bressler, 2003). If apocalyptic belief 

serves to mobilise collective action against the outgroup while reincarnation belief 

serves to suppress political activism, we would expect apocalyptic beliefs to 

promote the survival of cultural groups and reincarnation beliefs to be selected 

against under prolonged periods of intense cultural-group competition.  
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Figure 16. Survival Probability of sects with and without belief/violence over time. Cox 

proportional hazard regression model predicting sect survival with character states (without 

controlling for phylogenetic associations). Results show no statistically-significant correlation 

between the states of reincarnation beliefs and the duration of group survival (extinction risk 

coefficient = 0.9053, 95%CI = 0.3378 - 2.426, p = 0.843). Apocalyptic beliefs (b) (coefficient = 

4.043, 95%CI = 1.683 - 9.712, p = 0.0018), religious violence (d) (coefficient = 3.532, 95%CI = 

1.289 - 9.673, p = 0.0141), and revolutionary violence (c) (coefficient = 3.071, 95%CI = 1.191 - 

7.916, p = 0.0202) are statistically significant predictors of group longevity. 
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Table 12. Sect Survival Analyses Controlling for Phylogenetic Associations. Cox 

proportional hazard regression for duration of sect survival, predicted by states of each trait and 

controlling for clade-level variance.  

Apocalyptic Belief 

 coef Se(coef) Se2 Chi-sq DF p 

Character State 1.545 0.5308 0.4926 8.47 1.00 0.0036** 

Frailty(clade)    8.40 3.83 0.0700 

Reincarnation Belief 

 coef Se(coef) Se2 Chi-sq DF p 

Character State 0.4577 0.6729 0.6103 0.46 1.0 0.500 

Frailty(clade)    14.39 5.2 0.015* 

Revolutionary Violence 

 coef Se(coef) Se2 Chi-sq DF p 

Character State 0.8808 0.5442 0.5131 2.62 1.00 0.11 

Frailty(clade)    11.05 4.62 0.04* 

Religious Violence 

 coef Se(coef) Se2 Chi-sq DF p 

Character State 1.061 0.5761 0.5573 3.39 1.00 0.066 

Frailty(clade)    12.35 5.07 0.032* 

 
 

There is no significant correlation between sect survival and the states of 

reincarnation beliefs. However apocalyptic beliefs, religious violence, and 

revolutionary violence all predicted a shorter duration of Islamic sects on the 

reconstructed phylogeny (Figure 16). It appears that apocalyptic beliefs and 

religious violence were selected against in the long term. However, these 

characters all correlate with the phylogeny and their effects cannot be 

distinguished from other factors passed down by descent. For instance, some 

sects could have inherited the socioeconomic circumstances of their parental 

group as well as afterlife beliefs. Certain socioeconomic circumstances on their 



 

 

  110 

own are sufficient to trigger intergroup violence when violence is perceived as a 

cost-effective way to improve living conditions and social status (Atran, 2003, 

Kalyvas, 2006, Berman, 2011). When phylogenetic non-independence at the 

clade level is controlled using multi-level Cox regression, religious violence and 

revolutionary violence no longer predict the duration of sects; however, the 

presence of apocalyptic belief is still a significant predictor of shorter sect survival 

(See Table 12). This is consistent with historical records that indicate how 

rebellion attempts against rulers (generally the ‘Abbāsids and Umayyads) led to 

the demise of various Kaysāni groups including the Mughīriyya, Khattābiyya, and 

Mansūriyya (Daftary, 2007, Tucker, 2008). Nevertheless, any causal relationship 

between apocalyptic belief and group survival cannot be confirmed without 

controlling for a wide range of socioecological factors.  

 

5.5 Discussion 

Past research has indicated that the group-delineating and ritual aspects 

of religion, which increase identity salience and strengthen within-group bonds, 

are integral to cooperation and conflict. Here the two categories of Islamic 

eschatological beliefs examined displayed distinct relationships with various 

forms of group-level violence and political behaviour. Results show that 

apocalyptic beliefs have a stronger evolutionary relationship with revolutionary 

violence than with religious violence. While reincarnation beliefs did not appear to 

coevolve with politically quietist behaviour, they are evolutionarily stable when 

religious violence is absent. The presence of collective violence preceded the 

appearance of both apocalyptic and reincarnation beliefs. These results support 

the idea that sociopolitical context is likely to encourage both certain forms of 

political action, as well as the use of ideologies to justify and mobilize them.  

Actions and beliefs may then reinforce one another, rather than a simplistic model 

in which religious (or other) beliefs cause violence. Additional data and analyses 

are needed to support evidence for any effects of religious beliefs on group 

survival.  

This study illustrates how quantitative, phylogenetic methods can be 

applied to questions about the transmission and social functions of religious 

beliefs, as well as some avenues and challenges in using religious groups as units 

of analysis. It fits within broader efforts to build historical databases to scientifically 
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examine questions of human social evolution (Kirby et al., 2016, Turchin et al., 

2015, Gray and Watts, 2017). By focusing on the diversity of religious beliefs over 

time and across different Islamic groups, this study attempts to incorporate 

expertise and subject-specific scholarship from the humanities in order to take 

account of historical contexts, and avoids problematic assumptions of 

homogeneity or essentialism. With such a synthesis, research in this area can 

contribute to better understandings of how religious groups interact with their 

natural and social environments, and how variation in the content of religious 

beliefs may co-evolve with group-level cooperation and conflict in specific ways. 

Overall, there is no evidence that particular afterlife beliefs drove violent collective 

action. Instead, results indicate that these beliefs tend to follow rather than create 

violent circumstances. 

 

5.6 Conclusion 

Beliefs about the fate of humanity and the soul after death may structure 

the behaviour of religious groups. This chapter tests theories from religious 

studies: that beliefs of an imminent apocalypse co-evolved with and facilitated 

revolutionary violence, while reincarnation beliefs cause people to acquiesce to 

the existing social order and withdraw from political activism. These hypotheses 

were tested by building a cultural phylogeny of historical Islamic sects and schools 

from the 7-20th centuries and use phylogenetic comparative methods to show that 

these two beliefs display distinct relationships with intergroup violence. There is 

substantial evidence that apocalyptic beliefs co-evolved with revolutionary 

violence, while reincarnation beliefs were evolutionarily stable in peaceful groups. 

In both cases, violence precedes the emergence of the belief, which suggests that 

conditions that generate revolutionary violence changed beliefs rather than beliefs 

generated violence. Apocalyptic beliefs are associated with accelerated group 

extinction, although causal relationships cannot be determined. 
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6. Tempo and mode of cultural speciation 
 

6.1 Background 

There are striking similarities between the processes of biological and 

cultural evolution (Mesoudi et al., 2004, Pagel and Mace, 2004, Mace and Holden, 

2005). Ethnolinguistic groups and species have strong signals of evolving by 

descent with modification; Related languages form well-defined phylogenies with 

statistical support rivalling those of biological species (Pagel, 2009, Gray and 

Atkinson, 2003, Gray et al., 2009). Despite these similarities, there are reasons 

to suspect that biological speciation is a fundamentally different process from 

cultural speciation, the process where two ethnolinguistic groups emerge from 

one. It has been demonstrated that biological speciation is driven by rare 

stochastic events. A previous study (Venditti et al., 2010) examining phylogenetic 

trees of a range of animal and plant groups showed that speciation occurs at a 

constant rate over millions of years of evolution in groups of closely related 

species; later Hedges and colleagues (Hedges et al., 2015) also found that 

branch lengths were exponentially distributed in a very large biological phylogeny 
encompassing 50632 species.  

Exponentially distributed branch lengths imply that speciation is triggered 

by rare stochastic events each individually sufficient to cause speciation to occur 

(Venditti et al., 2010).  In contrast, field studies and patterns in the distribution of 

language-cultural groups with latitude suggest that cultural splitting may often be 

driven by within-group competition for resources (Rosenberg, 1994, Mace and 

Pagel, 1995, Chagnon and Irons, 1979), and can be exacerbated by population 

expansion (Rosenberg, 1994, Mace and Holden, 2005). Furthermore, gradual 

accumulation of linguistic changes can lead to the formation of new 

ethnolinguistic groups (Mufwene, 2004). This leads to the prediction that cultural 

splitting is not in general triggered by stochastic events but occurs 

opportunistically as soon as population growth rates and resources make a new 

cultural sub-group viable (Mace and Holden, 2005, Pagel and Mace, 2004, Mace 

and Pagel, 1995). The incipient cultures then soon become distinct as the new 

groups quickly and actively seek to establish their own linguistic and cultural 
identities (Chambers, 2007, Labov, 1994, Atkinson et al., 2008).  
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Theories of speciation processes are polarised by two opposing 

paradigms – the “Red Queen” model and the “Court Jester” model. The “Red 

Queen” model (Van Valen, 1973) hypothesised that living organisms continually 

evolve but do not become better adapted and evolution is driven by biotic factors 

(e.g. interactions among species, species-intrinsic phenotypes). Based on his 

observation of time durations species persisted in the fossil record, Van Valen 

theorised that individual species went extinct at a constant rate through time; 

extinction occurs when species lose a battle against a biotic environment that is 

constantly changing; Extinction acts gradually on individual clades, extinction 

rates are constant at the level of individual, populations, and species. Later 

statistical studies showed that the “Red Queen” model also predicts constant 

rates of extinction, speciation, and evolution in a homogeneous group (Stenseth 

and Smith, 1984, Gillespie, 1994). The “Court Jester” model, in contrast, 

proposed that macroevolutionary dynamics are driven by abiotic, extrinsic factors 

(e.g. abrupt climate change) usually acting at a longer time scale and extinction 

can simultaneously affect multiple clades at regional or global scale (e.g. Mass 

Extinction). According to this view, gradual genetic changes are consequential to 

biological speciation events rather than causal themselves (Briggs and Crowther, 

2008). 

The lengths of the branches of uncalibrated language phylogenies record 

the amount of lexical divergence between successive events of cultural splitting, 

just as for species a phylogenetic branch records the events between successive 

speciation events.  The frequency distributions of the lengths of the branches of 

phylogenies can be used to discriminate among statistical models of the 

processes that cause splitting or speciation events to occur (Venditti et al., 2010). 

Following Venditti et al. (2010), here we examine the patterns of cultural 

speciation, here we examine the empirical distributions of branch lengths of 10 

published language phylogenies by fitting various theoretical distributions with 

distinct assumptions about causes of speciation (see Section 6.2.2 for details). 

Our expectation is that cultural splitting, being opportunistic, will generate 

different distributions of branch lengths in cultural phylogenies than have been 
observed in biological phylogenies. 

We suppose there are many potential causes of language speciation, 

including environmental and behavioural changes that generate new ecological 
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or sociopolitical niches for human populations. These changes may be triggered 

by social or technological innovations (e.g. political system, weapons), genetic 

factors (e.g. genetic adaptation to high altitude), migration, warfare, population 

replacement, and many other factors. If multiple independent factors combine 

additively to cause the speciation event, the distribution of branch lengths would 

conform to a normal probability density; if they combine multiplicatively, a 

lognormal density of branch lengths distribution is expected. If these factors are 

rare (i.e. occurring at a rate less than the rate of speciation) but large in number, 

their distribution over long periods of time (spanning many speciation events) will 

follow a Poisson density. If these factors each have the potential on their own to 

cause a speciation event, then branch lengths will follow an exponential density 

(Gillespie, 1994). This is because the waiting times between successive events 
of a Poisson are exponentially distributed.  

If multiple rare factors affect species differently such that they have 

different constant rates – as might be expected of a species radiation (Rabosky 

and Lovette, 2008) – the distribution of branch lengths would conform to a 

convolution of multiple exponentials whose individual rates are assumed to follow 

a gamma probability distribution (Pagel et al., 2007); We refer to this model as the 

variable-rates model. If the probability of speciation depends on the age of 

ethnolinguistic groups, the branch lengths distribution would follow the Weibull 

density (another variation of the exponential) which accommodates the probability 

of speciation changing according to the amount of divergence from the ancestral 

species. Full details of statistical models associated with different speciation 

processes are explained in Section 6.2.2. 

 

6.2 Methods 

6.2.1 Language phylogenies 

To study the process of cultural speciation, we use uncalibrated lexicon-

divergence phylogenies rather than time-calibrated language trees because 

temporal scaling methods introduce uncertain nonlinear transformations. Rates 

of sequence evolution often appear to have been far more rapid in recent time 

intervals than in the past (Pagel et al., 2006). Corrections for this phenomenon in 

phylogenetic inferences are derived from empirical estimates for given genes and 
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taxa, and employ time-calibration points over the period of recent evolution. 

Phylogenetic reconstructions that scale substitution-based branch lengths to 

absolute-time units can only act on the differences among branches in their 

length, and do not have information about generalized, taxa-wide effects on rates 

of change that are related to the absolute time in the past that events 

occurred; Hence they cannot account for rapid bursts of evolution that are 

frequently associated with speciation.  

All lexicon-divergence trees in our sample were reconstructed from 

standard vocabulary data using likelihood-based Markov chain Monte Carlo 

methods to account for phylogenetic uncertainty. We sampled the lexicon data 

from published Bayesian phylogenies of 10 language families, including Semitic 

(Kitchen et al., 2009), Austronesian (Gray et al., 2009), Indo-European (Gray et 

al., 2009), Sino-Tibetan (Zhang et al., 2020), Japonic (Lee and Hasegawa, 2011), 

Pama-Nyungan (Bouckaert et al., 2018), Uralic (Honkola et al., 2013), Arawak 

(Walker and Ribeiro, 2011), Uto-Aztec (Greenhill et al. in prep), and Bantu 

(Grollemund et al., 2015). Bayesian posterior distributions of phylogenetic trees 

for each family were inferred with the Markov chain Monte Carlo (MCMC) 

methods in the programme BayesPhylogenies 1.1 (available from 

http://www.evolution.rdg.ac.uk/BayesPhy.html), and using the same model of 

vocabulary change as described in the source papers.  

For each language family, a Bayesian sample of 1000 phylogenetic trees 

was sampled at wide intervals after the chain had reached apparent stationarity. 

Duplicate samples of languages and closely related dialects were excluded from 

the data to ensure that all nodes on the inferred trees represented actual 

language splitting events. All branch lengths in a tree are normalised to 1; this is 

done to make the parameters in the estimated statistical models comparable 

across samples and has no effect on the results. Outgroups were not included in 

the analyses as they are remotely related to the rest of taxa with a long branch. 

Following Venditti et al. (2010), terminal branches are excluded because they do 

not record speciation events (in a terminal branch the culture is still evolving and 

has not yet split into two) and so are not suitable for characterising waiting 
intervals.  
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6.2.2 Statistical models of branch length distributions 

The following models predict the distribution of branch lengths by 

specifying how factors combine to bring about speciation, or by describing how 

rates of speciation vary throughout a tree. They carry different assumptions about 

the expected amount of divergence or waiting times between successive 

speciation events. For each language family, the distribution model that best fit 

the observed internal branch lengths was recorded. 

 

• Exponential: Constant rate of splitting 

The exponential distribution is expected if cultural splitting is caused by 

single rare1 events each individually sufficient to cause a splitting event on its 

own, also when there is a constant probability of speciation (Gillespie, 1994, 

Gillespie, 1984).  It can be summarised as 𝑝 𝑥 = $
%
𝑒'(/%  where x represents 

branch length and 𝛽 represents mean or net speciation rate. 

Branches on a phylogeny will be lengthened by the loss of taxa owing to 

extinction or because of missed samples. Where such events have occurred, the 

observed branches will be sums of shorter segments. It can be shown that if the 

underlying true segments are exponentially distributed, the observed lengths will 

also follow an exponential distribution under a reasonable set of assumptions 

(see SI of Venditti et al. 2010). 

 

• Variable-Rates: rate of cultural splitting varies 

This is a variant of the exponential model, a convolution of multiple 

exponentials whose individual rates are assumed to follow a gamma probability 

distribution. It is given by 𝑝 𝑥 = +%
($-%()/01

 where 𝛼 and 𝛽 are the shape and scale 

parameters of the gamma probability density. This distribution is expected if the 

rate of cultural splitting varies throughout the phylogeny and multiple rare factors 

affect species differently such that they have different constant rates (Pagel et al., 

2007), as expected of a species radiation (Briggs and Crowther, 2008) 

                                            
1 Rare as occurring at a lower frequency than speciation rates 
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• Weibull: net-speciation rate dependent on time from ancestral species 

This model expects the probability of splitting depends on the age of the 

culture. It is appropriate if, for example, longer lived cultures are less likely to split, 

or if shorter lived cultures are more likely to split. For instance, the “early bust” 

pattern of diversification predicts that species were most likely to speciate when 

they were young,  results in rapid clade growths early in time and slower growths 

thereafter due to diversity dependence (Phillimore and Price, 2008). The Weibull 

distribution is given by 𝑝 𝑥 = +
%1
𝑥+'$𝑒'(( %)1 where 𝛽 is the scale of distribution. 

When 𝛼 > 1, net speciation rate increases as divergence increases. When 𝛼 < 1, 

net speciation rate decreases as divergence increases. 

 

• Normal: additive model  

The normal distribution is expected if cultural speciation follows from the 

accumulation of many independent factors that act additively to produce a 

speciation event. It is given by 𝑝 𝑥 = $
3 45

𝑒'[(('7) 3]9/4  where 𝜇  is the mean 

divergence until speciation and 𝜎4 is the variance of divergence until speciation. 

 

• Log-normal: Multiplicative model 

The log-normal distribution is expected if cultural speciation follows from 

the accumulation of independent causal factors that act multiplicatively. It can be 

summarised as 𝑝 𝑥 = $
3 45

𝑒' ln	('7 9/439where 𝜇 and 𝜎4 are mean and variance 

of the logarithm of branch lengths. 

 

6.2.3 Statistical modeling 

Statistical models were fitted model to every tree in the posterior sample 

using the Maximum Likelihood method. Table 1 records the proportion of trees in 

the posterior samples of each cultural-linguistic group that were fitted best by 

each of the models. Models are compared using the likelihood ratio test with 2 
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log-units penalty on non-exponential models with two parameters before 
comparing with the one-parameter exponential model.  

 

6.3 Results 

Table 13. Best fitted model of branch lengths distribution for each language family. The 

expected proportion in posterior sample for each model of the five candidate models is 0.20. 

Normal distribution and exponential distribution is not the best-fitting model for all language 

families. 

Language 

family 

Taxa 

number 
Cognate data source 

Best fitted 

model 

Proportion in 

posterior 

sample 

Bantu 417 Grollemund et al. 2015 Variable rates 0.40 

Austronesian 398 Gray et al. 2009 Log-Normal 0.82 

Pama-Nyungan 306 Bouckaert et al. 2018 Log-Normal 0.55 

Sino-Tibetan 126 Zhang et al. 2020 Variable rates 0.66 

Indo-European 100 Bouckaert et al. 2012 Log-Normal 0.92 

Arawak 60 Walker and Ribeiro 2011  Log-Normal 0.38 

Japonic 49 Lee and Hesegawa 2013 Weibull 0.54 

Uto-Aztec 33 Greenhill et al. 2021 Weibull 0.73 

Semitic 23 Kitchen et al. 2009 Log-Normal 0.52 

Uralic 15 Honkola et al. 2013 Log-Normal 0.50 

 

Neither the normal nor the exponential distributions provided the best fit in 

any of the trees. Previously, Venditti et al. (2010) had found that roughly 20% of 

the biological trees conformed to distributions other than the exponential. Using 

this (0.20) as the null expectation, our result of 10 out of 10 language trees 
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differing from the exponential is significant in a binomial test (p<0.000001).  In 

contrast to biological speciation patterns, the exponential model does not provide 

a good fit to sampled language trees. Instead, their branch lengths are described 

surprisingly well by three statistical distributions that, as expected,  deviate 

systematically from the constant-rate model (Yule, 1925). Most of the 

Austronesian, Indo-European, Pama-Nyungan, and Semitic trees follow a log-

normal density (Figure 2), implying that cultural splitting in these families occurs 

sooner than expected under a constant rate model. The Bantu and Sino-Tibetan 

trees fit the variable rates model, implying that rates of cultural splitting vary 

throughout the tree. The Japonic and Uto-Aztec language families fit the Weibull 

model. For the Japonic trees, inferred 𝛼 values are greater than 1 (mean = 1.097), 

implying limited opportunity for young cultures to speciate. For the Uto-Aztec 

trees, inferred 𝛼 values are less than 1 (mean = 0.916), implying younger cultures 

are slightly more likely to speciate. 

 

 
 
Figure 17. Percentage of data sets for which each model provided the best overall 
description of the branch-length distribution. The expected proportion in the posterior sample 

for each of the five candidate models is 0.20 under the null hypothesis that all distributions are 

equally likely.  
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Figure 18. Cumulative distribution of internal branch lengths in each language family. Each 

panel plots the proportion of observed branch lengths expected to fall at or below a point on the 

x-axis if the model is true. Cumulative density of branch lengths for a phylogeny taken from the 

posterior sample of each language family (colour dots), the best-fitting theoretical distribution 
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(red/orange/blue lines), and the predicted exponential CDF (black dashed line). Language 

families with branch lengths best characterised by (a) the log-normal distribution, (b) the Weibull 

distribution and (c) the variable-rates model. 

 

6.4 Discussion 

Human behaviours are structured by cultural identities to a much larger 

extent than behaviours of other species (Boyd and Richerson, 1996, Moya, 2013). 

Ethnographic records showed that ethnolinguistic boundaries shape cooperative 

networks of reciprocity or risk-sharing in non-industrial societies (Wiessner, 1983). 

We can find evidence that human populations were assorted by ethnolinguistic 

boundaries in the earliest historical records (Levine and Campbell, 1972). 

Archaeological records also show that humans were symbolically marking 

themselves as far back as 110,000 years ago (Henshilwood et al., 2011). In all 

human populations across space and time, dialect or language provides a cue to 

ethnic category membership (Giles, 1977, Michalopoulos, 2012, Nettle, 1998). 

Ideologies about language use influences stereotypes, social interactions, and 

political actions (Irvine et al., 2009). We are sensitive to minor variations in speech 

patterns as a meaningful input of social information which influences our attitudes 

and behaviours towards others (Rakić et al., 2011, Pietraszewski and Schwartz, 

2014).  

Some suggested that linguistic differentiation occurs as a by-product 

following cultural specialization and the formation of group boundaries 

(Michalopoulos, 2012, Gavin et al., 2013). Others conceptualise language 

evolution as a passive process – ethnolinguistic divergence occurs as human 

populations become more geographically separated – a single common ancestral 

language fragments into a series of accents, dialects, and, eventually, multiple 

languages (Heggarty et al., 2010). Comparative analyses found that, 46.8% of 

language trees fit the Log-normal distribution density, 30.6% fit the Weibull 

distribution, 22.6% fit the Variable-rate model, and no language phylogeny fit the 
Exponential or the Normal distribution model.  

Results show cultural speciation is unlikely to be a passive process 

triggered by rare stochastic events, rather, it occurs when multiple independent 

causal factors accumulate and act multiplicatively. Boundaries restricting 
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communication between cultural groups can be environmental (Lee and 

Hasegawa, 2014, Hinskens et al., 2005), geographical (Nerbonne, 2010), or 

social (Britain, 2013). Phylogenetic comparative studies identified rates of 

linguistic differentiation are correlated with population size  (Bromham et al., 2015, 

Padilla-Iglesias et al., 2020) and sociopolitical settings (Honkola et al., 2018). 

There could be many other factors underlying cultural speciation, such as 

demographic composition (Powell et al., 2009, Derex and Boyd, 2016, Migliano 

et al., 2017, Creanza et al., 2017), migration leading to population contact 

(Thomason and Kaufman, 1992) or replacement (Bellwood, 2009), topographic 

complexity and other aspects of the physical ecology which can impede 

movement (Gavin et al., 2013), and warfare (Currie and Mace, 2009). The use of 

language as an index of cultural group identity is particularly salient when 

neighbouring groups are in conflict (Roberts, 2010, Kulick, 1992), as the ability to 

detect group membership likely become a matter of life or death (Thomason, 

2007). Conflicts between groups may promote intentional linguistic differentiation 

as the result of identity-marking (Nettle and Dunbar, 1997). Population movement 

and warfare are likely results of many proximate factors (e.g. trading, religion, 
relative superiority in technology) that act simultaneously. 

A previous study (Venditti et al. 2010) used the same methodology to test 

the constant-speciation hypothesis on 101 phylogenies of animal, plant, and 

fungal taxa found that 78% of phylogenies fit the simple exponential model 

predicted when new species emerge from single events, each rare but individually 

sufficient to cause speciation. Results suggest that there is a fundamental 

difference between the processes that drive biological speciation and cultural 

splitting. The waiting times between cultural speciation events are, measured by 

internal branch lengths, are shorter than stochastic processes would predict 

(Figure 17). One possibility is that human cultural groups split opportunistically 

whenever population numbers and resources are sufficient to make a new group 

viable (Rosenberg, 1994, Mace and Pagel, 1995). Linguists noted the 

phenomenon of “intentional language changes” is commonly observed in 

multilingual societies (Jacobs, 2019), often out of a desire to flag a new group 

identity (Bakker, 1997, Matras, 2020, Thomason and Kaufman, 1992) and 

accelerates the formation of a new language (Thomason, 2007, Comrie, 2008). 

Prior to the invention of agriculture, all human groups had been hunter-gatherers 

living in small mobile tribal societies; There might be considerable benefits of 
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autonomy and low incentive to aggregate for ancestral human groups (Dunbar 

and Sosis, 2018).  This could explain the otherwise puzzling fact that where 

people live close together and have similar subsistence practices they often show 

some of the highest linguistic densities recorded. The region of Papua New 

Guinea provides a striking case study. This small island contains just 0.05% of 

the world’s population but supports around 850 (12%) of the approximately 7,000 

known languages (Simons, 2017) – in some regions a new language is 
encountered every few miles. 

 

6.5 Conclusion 

This study identifies a key difference in the processes that govern 

biological speciation and what events of ‘cultural splitting’. Whereas biological 

speciation is driven by rare stochastic events (Venditti et al. 2010), the theoretical 

model of this process does not fit with language phylogenies. It shows that, in 

most cases, the waiting times between cultural speciation events (measured by 

internal branch lengths) are shorter than stochastic processes would predict, 

suggesting that cultural splitting is opportunistic in the sense of occurring just as 

soon as the new cultural group can be viable. This indicates a fundamental 

distinction between the nature of human cultural groups and biological species, 

with the former actively seeking and then maintaining separation. This way of 

thinking about speciation also has implications for attempts to understand why 

some language families or subgroups have much more or fewer taxa than others. 

Researchers seeking to develop explanatory theories of cultural macro-evolution 

should focus their attention on how special driving forces might combine, rather 

than trying to identify individual causes (speciation factors) shared across meta-
populations of ethnolinguistic groups. 
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7. A case study of cultural extinction: the reindeer-
herding Evenk in China  
 

7.1 Introduction 

This chapter outlines the ethnographic background of the reindeer-herding 

Evenk in Northern China (also known as “Yakut Evenk”), a critically endangered 

culture that has now almost completely stopped practising the traditional hunting-

herding lifestyle. It includes qualitative and quantitative data from Chinese 

ethnographies that have not previously been translated into English but constitute 

great anthropological values. I first came across with the genealogy of the 

Chinese Yakut Evenk at the Evenk Museum in Aoluguya town as I was travelling 

across Hulunbuir, Inner Mongolia as a tourist and visiting my friends there. At the 

Evenk Museum shop I found Chinese books (Dong, 2015, Kong, 1994) detailing 

the history and culture of this population as well as meticulously documented 

demographic data from the 1950s to the 2010s. Thanks to the assistance of my 

friends in Hulunbuir, I established contact with the author of one of the books who 

told me how he collected the data from field surveys and curated data from 

government census which he had access to (he worked in the propaganda 

department of the local government for many decades). I corroborate the account 

with the local government and a few members of the Evenk community who 

confirmed the authenticity of these field surveys and content in the books. This 

study is largely based on the knowledge of Chinese ethnographers (cited below) 

and my translation of their publications, supplemented by English accounts of this 

community written by non-Chinese ethnographers (who visited this populations 

multiple times but none stayed with the community over decades as the Chinese 

ethnographers did). 

This chapter aims to provide the historical and social contexts to findings 

reported in the following chapter and shed light on the many facets of cultural 

extinction that could not be captured in quantitative analyses – some of which are 

unique to Evenki in China, others echo the experience of marginalized hunter-

gatherer groups in different parts of the world. The work presented in this chapter 

and Chapter 8 has been submitted to the journal Proceedings of the National 

Academy of Sciences entitled “Evolutionary demography of cultural extinction - a 
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case study of the reindeer-herding Evenk” and is currently under the first round of 

peer review. 

 

7.2 Overview 

7.2.1 Origin and migration history  

Evenk is an endangered cultural group in Eastern Siberia. Before the 16th 

century, ancestral Evenki were distributed in areas east of the Baikal. Their 

territory extended to Selenga River, Onon River, Shillka River, Lena River, and 

Vitim River just north of the Chinese province Heilongjiang. At that time, there 

were three main branches of Evenk populations. The largest group was Solon 

Evenki, they resided around Shillka River and their territory stretches east to the 

Zeya River. Since 1955, Solon Evenki started to incorporate agriculture into their 

traditional hunting-herding subsistence due to influence from Han Chinese 

neighbours. The second branch, Tungus Evenk, resided in areas east of the 

Baikal near Chita River. This branch was in contact with Buryat pastoralists since 

1880 when both groups lived in Irkutsk. It had 15 clans and were horse 

pastoralists before migrating into China following the Russian Revolution in 1917. 

This study focuses on the last branch of Evenk, the reindeer-herding Yakut Evenk. 

They are the least populous branch out of the three Evenki subgroups. The name 

“Yakut Evenk” was given by the Chinese officials because historically this group 

of Evenki lived closely with the Yakut people in Siberia. Before the 20th century, 

Yakut Evenk had 12 clans, around 700 individuals. They roamed along Lena River 

for hunting, fishing and gathering. Their descendent migrated into the dense forest 

on the Northwest side of the Greater Khingan range.  
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Figure 19. Geographical distribution of Evenki and other Tungusic hunter-herders 
(Lavrillier et al., 2018) 

 

In the mid-17th century, ancestral Evenki started to migrate eastwards due 

to foreign invasion and loss of hunting territory and game. Around 1840, Evenk 

populations migrated to Hulunbuir (North China) where dense forestations, 

mountain ranges, and abundant wildlife were found. Before the mid-19th century, 

Yakut Evenk mainly traded with Russian businessmen and farmers via good 

exchange. After the 19th century, Han Chinese businessmen entered their territory 

and Evenki started to trade with Han Chinese as well as Russians. Historical 

records written in 1910 mentioned Yakut Evenk hunting along the Argun River 

and Amur River without much contact with other cultures except their Russian 

trading partners. According to historical records, in the 1920s, Yakut Evenki had 

three hunting groups and each had their hunting territories. Demographic census 

in 1938 recorded 46 families and 253 individuals, communally herding 853 

reindeer. 
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7.2.2 Subsistence  

Traditionally, Evenk people lived in taiga habitat and relied on hunting and 

fishing for subsistence. Hunting provided food and animal products for goods 

exchange. In the nineteenth century, they regularly traded with Russians for 

agricultural products and hunting tools (Fraser, 2010). Fishing provided food as 

well as glue for making hunting traps. After the 1950s, fishing became only 

supplementary to the Evenk diet. Evenki used reindeer as pack and riding animals, 

supplemented with animal-cropping and subsistence milking. Unlike other arctic 

cultures, their relationship with reindeer is symbiotic. They provide lichen and salt 

to their reindeer and set up smoke towers to deter biting insects. In return, 

reindeer seek human contact by returning to campsites throughout the day 

without coercion.  

The reindeer-herding Evenk has a long history of clan system. Their 

hunting territories were divided among clans. The clan system lasted until the 

1970s. Each clan has a Shaman leader and consists of numerous camps. 

Traditionally, the camp is the unit of co-residence and food production and usually 

consists of closely related kin without much movement between camps. Since the 

end of the 19th century, the introduction of firearms enabled smaller hunting 

groups and camp membership became less kinship-based and more territory-

based.  

Evenk populations were highly mobile, migrating every 2 to 3 days and 

spend no more than 2 weeks at each settlement. Their labour was divided by 

gender. Men and some unmarried women are hunters, married women herd 

reindeer, transport hunted games using reindeer, prepare food, process leather 

and do other household labour. In 1957, there were 37 male hunters and 5 female 

hunters in the Yakut Evenk community. In general, the workloads of Evenk 

women are heavier than Evenk men. Evenk children from 5 to 12 years old helped 

with reindeer herding and other household activities. They engaged in pretend 

play of hunting and moving activities. After the age of 12, children started to 

practice hunting with their father, older brother, or grandfather.  
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7.2.3 Culture and technology  

Historically, Evenki first acquired metal tools from Yakut people in Siberia 

at the end of the 17th century. They developed sophisticated craftsmanship of 

hunting knives, axes, and spears. They also built kayaks using timber, barks and 

oil of birch trees, to hunt water deer using spears. A large kayak could carry 6 to 

7 humans and can be used to carry large water deer that weigh around 200 

kilograms. Kayaks were communal property shared between camps. In 1957, all 

camps had members who know how to build kayaks. This knowledge is now 

forever lost following the death of the last Evenk who knew how to build traditional 

kayaks. In addition to hunting tools and kayaks, Evenk culture contains complex 

technology of making fishing nets, building snow transport, and processing leather. 

They had geography knowledge of the forest landscape and ecological 

knowledge such as the seasonal bear activities and the annual calendar of 

subsistence cycles. 

Evenki first acquired flintlock guns from Russians in 1903, which they 

exchanged with bow and arrows. Flintlock guns were not rain-resistant and were 

only supplementary to hunting activities. In 1910, Evenki acquired more advanced 

rifles from Russian hunters. In 1929, Evenk hunter purchased guns from the 

Chinese state. Around 1938, they purchased rifles from the Japanese. After the 

introduction of advanced guns, kayak hunting was made redundant, the traditional, 

clan-based hunting units were replaced by smaller hunting groups of non-related 

individuals, some male hunters hunted solo. Before settlement, guns were 

valuable hunting tools collectively owned by the camps and coordinate by camp 

leaders. 

 Ethnographic records suggest the original Evenk belief system was 

animalism, which later incorporated Shamanism belief from interaction with 

neighbouring Buryats, and more recently was influenced by Orthodox Christianity 

in Russia. Evenki worship ‘Malu’, a deity specific to each camp and consists of 

the spirits of all ancestors and other things. ‘Malu’ does not have a specific form 

and was represented as various animal symbols on Evenk clothing and craft 

decorations. Evenki had strict rules about the space inside tepee tents and had a 

designated place for the ‘Malu’ inside each household. The other spiritual 

presence inside each tent is the fire. Evenki threw food or alcohol into the fire as 

tributes before they eat; they would not interfere with the natural occurrence of 
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forest fires which they believe to be the purposeful intent of the fire god. 

Shamanism plays an important role in Evenk societies. Each clan had a Shaman 

leader who often inherited the role from a parent or family member who was the 

previous Shaman. Evenki sought Shamans for medical treatment, blessings of 

hunting success, and communication with spirits of deceased relatives and other 

supernatural beings. Since the establishment of modern medical practices in 1953, 

anecdotal records suggest a decline of respect and belief in Shamans’ healing 

power. Influences of the Orthodox Church was not extensively documented, only 

a fleeting mention in the 1957 ethnographic survey that Evenk couples held the 

portrait of Jesus at their wedding. 

 Evenk does not have a written language but had a system of symbols to 

represent activities and to communicate their whereabouts in the forest. Their 

spoken language is mutually intelligible to the other two branches of Evenk but 

not with the language spoken by the Yakut people. In 1953, the Chinese state set 

up the first primary school for 8 to 25 years old Evenki with classes delivered in 

three languages (Evenki, Russian and Chinese) and using textbooks in Chinese. 

Official documents recorded that most Evenk students learned Chinese within one 

year of enrolment. 

Evenki practice monogamous marriage. Families of married couples 

exchange reindeer and other properties, usually, brideprice from the groom’s 

family outweighs dowry from the bride’s family. Families lived in three-generation 

patrilocal households. Inheritance of properties followed the patrilineal descent. 

Traditional Evenk culture enforced stringent rules of inter-clan marriages often 

arranged by parents, forbidding marriage within the clan and with non-Evenki; 

before their settlement, only one married couple violated these rules and were 

exiled from the community as a consequence. Young Evenki could marry after 

the age of fifteen although many married at older ages. Demographic records in 

1957 showed around 50% of 18 to 45 years old Evenki were unmarried. Evenki 

did not discriminate against children born outside wedlock or widow remarrying. 

Adoption is common within and between clans. Elderly Evenki recalled divorces 

were not common (Inner-Mongolia-Editorial-Committee, 1986) 
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7.3 Sociopolitical background 

7.3.1 World War II 

During World War II (WW2), Japan occupied Northeast China. In 1937, 

Japanese armies cut off ties between Evenki and their Soviet and Chinese trading 

partners. Evenki lived in complete isolation. Japanese administration set up 

organisations like the “Manchurian livestock exchange company” and “Eastern 

Mongolian trade company” and controlled the exchange and supply of goods to 

Evenk hunters. There were five hunting groups sparsely distributed over the 

Greater Khingan ranges in Hulunbuir and Heilongjiang. While hunting groups are 

formed based on kin ties and clan membership, some consisted of individuals 

from multiple clans. In the 1940s, many young Evenk men were recruited into 

Japanese troops and were trained to fight against the Soviets. The Evenk 

population dropped by 40% during the 8 years of Japanese governance, over 220 

Evenki were prosecuted by the Japanese administration. Many elderly Evenki 

also recalled frequent outbreaks of infectious disease during this period which 

contribute to the high mortality rates. In 1944, one clan of Yakut Evenki consists 

of 8 households and 45 individuals migrated north to their homeland in Russia. 

After WW2, the Chinese state set up a “supply and marketing cooperative” 

in Qiqian areas where Yakut Evenki were concentrated to help with goods 

exchange. In 1952, the state developed new hunting grounds for Evenki, provided 

new guns for them, rolled out public healthcare services in the areas, and pay 

annual financial subsidies to Evenki. These projects led to a fast decline in infant 

mortality, although many Evenki at the time suffered from tuberculosis. Official 

documents recorded more than 57% of the Evenk population diagnosed with 

tuberculosis in 1956. 

In 1957, Evenki started to settle in Qiqian, the government built wooden 

huts to help Evenki adapt to the sedentary lifestyle. In 1962, 39 Evenk households 

settled and became sedentary hunters. In 1965, the remaining 35 households all 

settled in Aoluguya. After 1965, hunting activities were planned by the state, 

Evenk hunters were given the job of forest rangers. They regularly patrolled the 

forest, protecting it from fire hazards. With their superior knowledge of the local 

ecology, they assisted to navigate the Greater Khingan forests for researchers of 

land, hydraulic, and railway engineering. The state provided free education and 

healthcare to settled Evenki. 
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7.3.2 Settlement  

Yakut Evenk’s history with the Chinese state is marked by two historical 

events: the collectivization of 1967 and the reforms of 1984. Before collectivisation, 

the community's livelihood was derived from hunting, with reindeer used as pack 

animals and for subsistence milking. With collectivisation, hunting and herding 

activities came to be managed under the auspices of a 'hunting production 

brigade'. By the 1960s, the state recognised the economic value of reindeer 

antlers in traditional Chinese medicine and transformed the hunting economy into 

a collective enterprise. The state purchased the animals from herders, provided 

herders with a salary in return and collected harvested antlers on an annual basis 

and marketed the product. Reindeer remained under the care of their owners and 

they continued to engage in subsistence hunting and reside in taiga 

encampments. At the same time, the state sought to sedentarise the Evenki in 

the state-sponsored settlement, this results in an increasing number beginning to 

distance themselves from the hunting and herding economies, some finding 

employment in the forestry industry or the military, a small minority became 

members of the Chinese Communist Party. This period also coincided with the 

nationwide “Down to the countryside” Movement (1968-1980) which brought 

many young, educated Chinese from cities to the Evenk community. These urban 

immigrants participated in all aspects of Evenk daily lives and many stayed in the 

Evenk community for more than a decade. 

During the 60s and 70s, the workplace played an important role in people’s 

lives throughout China. Social network surveys revealed a strong presence of ties 

to co-workers in the personal networks of urban workers in China (Ruan et al., 

1997). Chinese workplaces typically provided their workers with goods, services, 

and other material and social advantages such as medical care, housing, loans, 

child care, and pensions. Many of these benefits extended also to the workers' 

families. Chinese workers depended on their workplace and, more specifically, on 

influential people at the workplace, to obtain needed goods and services. 

Individuals were usually restricted to one workplace of their lifetime job (Whyte 

and Parish, 1985). Families were simply not in the position to provide needed 

resources. 
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7.3.3 Cultural revolution  

During the Cultural Revolution (1966-1976), all religious activities were 

denounced and Evenk Shamans were prosecuted. Some Evenki were implicated 

in the “Inner Mongolia incident”, which was a massive political purge in Inner 

Mongolia during the Cultural Revolution. A million people were categorised as 

members of the already-dissolved Inner Mongolian People’s Revolutionary Party 

and were persecuted. The Mongolian language was banned from publications. 

Lynching and direct massacre resulted in the deaths of tens of thousands. Some 

Evenki were accused of being associated with Ulanhu, the main target of the 

purge and the founding Chairman of Inner Mongolia Autonomous Region; They 

were persecuted and some died in mysterious circumstances. After the Cultural 

Revolution, the purge was regarded as a “mistake” and the party attempted to set 

the records straight. In some cases, the family members of victims received large 

quantities of financial compensation from the state. Many other aspects of Evenk 

cultures suffered irreversible destructions during the Cultural Revolution, although 

little written record of this period can be found.  

The oldest living Evenk elder said in an interview: “At that time (after 

settlement) I don’t know how, suddenly our living conditions became so poor, we 

hunters grew up on meat and bread, now they asked us to eat sorghum and rice 

porridge. Some people could not stand it, so they got together and discussed, 

about going across the river to the Soviet side. I don’t know how, the news started 

to circulate, and led to the ‘X2 incident’, X was shot dead by the head of village… 

Not long after that, the trains caught up with us, and we had to move again… 

(After settling to Aoluguya,) Cultural Revolution was happening, amid the chaos, 

good hunters like A, B, C, and others were labelled as Japanese spies. After a lot 

of chaos, the hunting production brigade was founded, reindeer no longer belong 

to individual households, Shamans stopped performing rituals, there were more 

and more people in Aoluguya.” (pg. 127, (Ao, 2009) 

 

7.3.4 Privatisation  

When the Economic Reform in China started in the late 1970s, labour 

workers lost their life-long job security, which, previously, was guaranteed by the 

                                            
2 All names in quotes are pseudonames. 
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state. By the mid-1980s, it was clear that the Economic Reform had not improved 

the economy of the state sector as the government hoped. In the early 90s, only 

one-third of state-sector enterprises made any profit at all and many state-sector 

enterprises were on the brink of bankruptcy. From the late 1980s, China started 

to transition towards the market economy. Workers were free to change jobs or 

move to new places. New opportunities provided by the emerging market 

economy led to erosion of workplace ties in social networks as well as a significant 

decline of kinship ties in social networks, as people no longer connected to the 

small, stable collection of others and ties beyond family and work became much 

more important and easier to establish than before. To meet day to day needs, 

and to access newly available services and opportunities, individuals have to 

move out of the workplace, establish new social contacts in a new setting. Women 

faced more difficulties in employment and career advancement around this time. 

Many factories and companies started to lay off female workers (Pan and Liu, 

1994), which was unthinkable two decades ago. This may have motivated female 

workers in state-owned corporates to develop social ties beyond the workplace 

and family to explore alternatives to the traditional workplace. 

In 1984, the state sought to increase profits of antler industry through 

privatization, introduced the “Household Responsibility System” and returned the 

reindeer to the 20 remaining herding families. Meanwhile, the state continued to 

extract natural resources from the Greater Khingan mountain ranges. Under the 

government campaign of forest and wildlife protection, Evenki were not granted 

use-rights to taiga pasture after they reclaimed ownership of their reindeer, as the 

state came to prioritise the antler industry at the expense of hunting. Restrictions 

on hunting emerged as a major source of tension between the state and Evenk 

herders as Evenki perceived the antler industry as a supplementary activity only. 

Moreover, there was prevalent poaching by government officials, police officers, 

carpentry factory workers, and unemployed migrants, which led to the decimation 

of local wildlife and threatened livelihoods of Evenk hunters (Gu, 2016). 

Meanwhile, herders began to replace tepee-tents with canvas dwellings provided 

by the state that could house wood-burning stoves. Stoves are extremely heavy 

and require motorized transportation between camps. This has largely reduced 

the mobility of Evenk herders and brought detrimental effects on hunting and the 

grazing of reindeer and led most Evenki to be more dependent on township 

enterprise. Traditional marriage and residence rules were no longer enforced by 
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the 1980s, and intermarriages between Evenki and Han Chinese were 

commonplace. In the early 1990s, only 3 hunting territories and 33 hunter-herders 

remained, herding 933 reindeer. 

 

7.3.5 Re-settlement after 2000 

In 2003, 51 households, 115 individuals were relocated again from Aoluguya 

to a settlement in the suburban area outside Genhe city, where the community 

were offered housing as compensation for relocating and accepting the newly 

implemented hunting ban. The new settlement is also a tourist attraction with a 

museum and park next to the houses. When the relocation began in August 2003, 

hundreds of reindeer were transported by vehicles to newly constructed stables 

on the outskirts of the settlement. Soon after, however, many deaths were 

incurred as a result of inadequate conditions and lack of lichens, forcing the 

herders to open the fenced enclosures and move their animals back to the forest. 

21 Evenki herded more than 1000 reindeer in five herding areas, the remaining 

Evenki work in industries. The Evenk households that still keep reindeer do so for 

tourism and commercial purposes. Most of the younger generations live in cities 

and no longer speak the Evenk language.  
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7.4 Demography 

7.4.1 Population Size 

 In the 1995 survey, Yakut Evenki recalled there were around 700 

individuals in their community in the early 18th century and 315 individuals in 1917. 

Towards the end of the Japanese occupation in 1945, only 170 Evenki remained 

in this community, some migrated to the Soviet. Chinese officials recorded 140 

Evenk individuals in 1956. Official numbers of reindeer-herding Evenki were 

stable from 1961 to 1994, around 160.  

 

 

Figure 20. Number of individuals living on-site in the given year (Dong 2015). Data in 1976, 

1977, 1986, and 1988 are missing (pg.46-47, Dong 2015). In general, Evenk population size 

increased from 1965 to the 1980s then started to decrease after the early 1990s. 
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Figure 21. Annual fertility and mortality rate (%) of the Reindeer-herding Evenk in 1965-
2002. Annual number of Evenk births and deaths in 1965 – 1987 were surveyed during fieldwork; 

Data in 1989–2002 were obtained from government census records (Dong 2015, pg. 46-47). Data 

only include individuals living on-site. Overall, both fertility and mortality rates show a downward 

trend during the four decades after the settlement. 

 

  



 

 

  137 

7.4.2 Mortality 

 

Figure 22. Kaplan-Meier Estimates of Settled Evenki (1965-2014) Survivorship. Shaded area 

indicates 95% confidence interval.  

 

In early adulthood, Evenk men appear to have increasingly high mortality 

risks relative to Evenk women as age increased. This pattern of gender 

differences in mortality profile is also found in the Hiwi hunter-gatherers and the 

Tsimane forager-horticulturalists (Gurven et al. 2007; Hill et al. 2007). Median 

longevity for Evenk men is around 40 years and for Evenk women, around 48 

years. Survivorships of the nomadic Evenki are not reported here as births and 

deaths in the nomadic period were recalled retrospectively and were likely to be 

underreported. 
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Figure 23. Settled Evenki Women’s Survivorship Compared to other Foraging Populations 
and one Urban Population. Evenk data from the sedentary period (1965-2014). Age 5 is set as 

the baseline survival to exclude the incomplete record of infant mortality. Comparative forager 

populations include the Tsimane in 1950-1989 (Gurven et al., 2007, Hill et al., 2007), the Hiwi in 

1960-1992 (Hill et al. 2007), the San Ildefonso Agta in 1950-2010 (Headland et al., 2011) and 

Northern Ache living on Reservations in 1978-1983 (Hill and Hurtado, 2017). Russian population 

in the 1980s (Barbieri et al., 2015) serves as the control for urban populations.  

 

Survivorships of sedentary Evenk women were higher than women in other 

post-contact foraging populations before age of 25 but deteriorated quickly 

afterwards. In later adulthood (age 40-79), mortality risks of Evenk women were 

worse than the Tsimane, the Hiwi, and the Ache women, and were only better 

relative to the San Ildefonso Agta women. Differences in socioecology (Gurven 

and Kaplan, 2007) and in physiology (Early and Headland, 1998, Migliano et al., 

2007) plausibly contribute to the observed patterns of mortality among foraging 

populations. 
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Figure 24. Settled Evenki Men’s Survivorship Compared to other Foraging Populations and 
one Urban Population. Evenk data from the sedentary period (1965-2014). Data sources are the 

same as Figure 23.  

 

Survivorships of Evenk men were similar to other forager populations in 

childhood and adolescence but deteriorated quickly after age 20 and were worse 

than the Tsimane, the Hiwi, and the Ache men from age 25 to 65. Compare to the 

San Ildefonso Agta men, Evenk men had lower mortality risks before age 30 and 

after age 45 but had a similar level of mortality risks from age 30 to 45. Increases 

in mortality risks for Evenk men were exponential in early adulthood and continues 

in late adulthood. This inflation of mortality risks throughout adulthood was not 

observed in other post-contact forager populations.  
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7.4.3 Unnatural deaths 

Unnatural death rates are high in many hunter-gatherer societies. Among 

the Hiwi, 44% of mortalities in early adulthood (Age 10-39) were caused by 

warfare/homicide and 11% by accidents. In late adulthood (Age 40-79), 

warfare/homicide mortality dropped to 25% and accidental deaths dropped to 6% 

(Hill et al. 2007). This fits with predictions of evolutionary theories that younger 

males are more risk-prone in reproductive competition. However, among the 

reindeer-herding Evenk in China, age-specific risks of unnatural death appear to 

increase even more sharply in later adulthood than in early adulthood (Figure 25).  

Compare to other hunter-gatherer populations in recent decades, post-

contact Evenk showed extremely high rates of unnatural deaths (i.e. suicide, 

homicide, and accidents that cannot be attributed to diseases). While infant 

mortality and natural death rates in the Evenk community lowered significantly 

after settlement, unnatural death rates remained high. Forty percent of all deaths 

in the 1960s (Dong, 2015) and more than half of all deaths in the late 1970s 

were unnatural deaths (Figure 26). In comparison, only 14% of deaths of 

sedentary Ache foragers were due to violence and accident (Gurven and Kaplan 

2007).  

 

 

Figure 25. Age Distribution of Survivorship from Unnatural Death among Evenki. 
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Figure 26. Number of natural and unnatural deaths in the reindeer Evenk community in 5-
year-intervals. The ratio of unnatural death increased rapidly following forced settlement in the 

late 1960s and remained high until the early 2000s.  

Among reindeer-herding Sami in Sweden, suicides contributed to 23% of 

all deaths, road traffic accidents to 16% of deaths, and snowmobile fatalities to 

11% of deaths in the late 20th century. Half of traffic accident victims tested 

positive for alcohol, and alcohol abuse was documented in 15% of all casualties 

(Ahlm, et al. 2010). Like many other arctic groups, the prevalence of unnatural 

deaths in Yakut Evenk was related to alcoholism. From 1968 to the 1980s, up to 

4% of the Evenk population died from alcohol-related causes every year (Dong, 

2007).  

 

7.5 Kin networks 

7.5.1 Intermarriage 

Traditional Evenk cultures had strict rules on inter-clan marriage, forbidding 

marriage within the clan and with non-Evenki. Following the forced settlement and 

collectivization of the hunting-herding economy in 1967, Evenki lived near Han 

Chinese and many started working in factories and offices. By 1980s, and 

intermarriages between Evenki and Han Chinese were commonplace.  
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Figure 27. Number of Endogamous and Exogamous Marriages in the reindeer Evenk 
community in 5-year-intervals. The number of marriages occurred in each period recorded in 

dataset. Traditional norms of endogamy started to decrease dramatically following the settlement 

scheme in 1957. 

 

7.5.2 Kinship networks  

Social and kinship networks likely mediate the impact of sociopolitical 

changes on cultural extinction. Individuals transitioning from the subsistence 

economy to the market economy reported declining kin prominence in their social 

networks and even antagonistic kin relations as their needs become better fulfilled 

by contacts outside the family (Kasper and Borgerhoff Mulder, 2015). Dense 

social networks generate social interdependence and rapid consensus-formation 

but also social control and resistance to change. Increasing non-kin interactions 

could disrupt these evolved patterns of coordination (Newson et al., 2005). 

Societies may transition to small effective kin networks due to falling fertility, 

increased physical distance to kin (e.g. urbanisation), or high mortality (e.g. war 

or epidemics). Demographic models showed that, for subsistence cultures that 

depend on effective kin cooperation, falling fertility creates a crisis when it results 

in too few kin to join the community project (David-Barrett and Dunbar, 2017). 

Sparser networks with diverse, weak, cross-cutting connections can spread novel 
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information easily and quickly within a community, help reject existing social 

hierarchies, and accumulate cultural innovations across communities through 

partial connectivity (Derex and Boyd, 2016).  

Using longitudinal demographic data, I examine how kinship networks in the 

Evenk community changed over the decades of subsistence transition. Overall, 

kinship networks in the studied group became less dense with fewer overlapping 

kinship ties (Figure 28, 30-31).  

 

 

Figure 28. Kinship networks of all sampled individuals, at four sampling waves. 
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Figure 29. Centrality degrees of kinship networks among all sampled individuals, at four 
sampling waves. 

 

Average sizes of kinship networks, measured by centrality degrees, show a 

constant decreasing trend (Figure 29). Degrees of ‘centrality’ (Figure 19, 32) 

represent the total number of an individual’s dyadic ties (Freeman, 1978). An 

individual with more kinship ties (i.e. higher degrees of centrality) has a larger kin 

network. Shrinking kin networks may contribute to fertility declines in the Evenk 

community. Human reproduction relies on cooperative kin networks, particularly 

same-sex kin and grandmothers in terms of accessing cooperative breeding 

networks (Scelza and Bliege Bird, 2008), reducing maternal energetic expenditure 

(Meehan et al., 2013), increasing child survivorship (Sear et al., 2002, Sear and 

Mace, 2008, Scelza, 2011, Gibson and Mace, 2005) and wellbeing (Meehan et 

al., 2014), and maternal fertility (Sear et al., 2003, Tymicki, 2004, Rotering and 

Bras, 2015). Kinship ties also play an important role in cooperation, coalition 

formation and marriage rules (Macfarlan et al., 2014, Burkart et al., 2009), sex 

assortativity in offspring care, foraging, and access to resources (Lawler, 2015, 

Jaeggi and Gurven, 2013). In the next chapter, I examine the cohort effects in 

influencing individual reproductive behaviours (Table 16-17) and the breakdown 

of indigenous exogamous marriage norms (Table 18). 
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Figure 30. Kinship networks of hunter-herder Evenki, at four sampling waves. 

 
Figure 31. Kinship networks of non-hunter-herder Evenki, at four sampling waves. 
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Figure 32. Centrality degrees of hunter-herder vs. non- hunter-herder Evenki kinship 
networks. 

By 2004, most Evenki who were still practicing hunting-herding were not 

closely related by kinship. (Figure 30). The dissolution of kinship ties among 

Evenk hunter-herders likely threatened the viability of maintaining the traditional 

subsistence. In hunter-gatherer societies, having a large kinship network allows 

easy access to collectively held land as family groups are mobile, and often move 

between different camps on a regular basis (Minter, 2010). Among Siberian 

reindeer-herding societies, “family-clan” holdings and similar types of collective 

properties serve as the basis of traditional hunting-herding subsistence (Ziker, 

2014). In the next chapter, I use event history analyses to formally assess the 

influence of kinship network properties on individual decisions of discontinuing the 

traditional subsistence (Figure 40). 

 

7.6 Substance abuse and mental health crisis 

Like many indigenous cultures in nation-states, Evenki were plagued by 

the alcoholism epidemic which led to staggering rates of unnatural deaths in 

recent decades. During the 1960s, 40% of all deaths in the community were 

associated with unnatural causes, including alcohol consumption, suicide, 

freezing, and drowning. Official reports of Evenk mortality describe many 
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unnatural deaths as unintentional consequences of alcohol intoxication. Chinese 

ethnographies claim that alcohol was recently introduced to reindeer-herding 

Evenki in the last century, while Evenki had been using snuff long before they 

started drinking alcohol (Inner-Mongolia-Editorial-Committee, 1986). There are 

anecdotes about Chinese businessmen in the early 20th century using alcohol to 

initiate a trading partnership with Evenk hunters, and one Evenk Shaman leader 

in the 1920s was dismissed from his leadership role due to severe alcohol abuse 

and negligence of duties. However, there is qualitative evidence that alcoholism 

in recent decades was unprecedented in the Evenk community. An Evenk elder 

commented in an interview about the drinking problems in the 1970s: “…(Evenk) 

youths started to drink more, misbehaved themselves; older hunters also used to 

drink, but that when something delightful happens, they drank a little bit to 

celebrate. These youths, I don’t know why, they drank when they were happy, 

they also drank when they were unhappy.” (pg. 127, Ao 2009) 

 

7.6.1 Indigenous alcoholism and mental health crisis 

Alcoholism and alcohol-related violence are considered a major health risk 

threatening indigenous people (Ohenjo et al. 2006). In New Zealand, a survey 

showed that 51% of Māori develop a mental disorder at some point in their life 

(Baxter et al. 2006). The most common lifetime disorders were anxiety (31%), 

substance abuse (27%), and mood disorder (24%). The 2002–03 Canadian First 

Nations Regional Health Survey (First Nations Centre 2005) identified high rates 

of depression (18%) and alcohol disorders (27%). The rate of disordered drinking 

of Indigenous people is substantially higher than the general population in Canada. 

Among the San in Botswana, drinking associated with the introduction of wage 

labour led to an increase in violence, including sexual offences (Ikeya, 2002). 

Alcohol abuse also contributed to violence and deaths among the Hadza of 

Tanzania (Marlowe, 2010). Among Canadian Inuit societies, the introduction of 

alcohol had a destructive and irreversible impact on individual health and the local 

communities (Seale et al., 2006). In many cases, alcohol and other recreational 

substances were introduced to indigenous communities by neighbouring farmers 

to initiate and maintain social relationships. For instance, in the early 1990s, Aka 

Pygmies in northeastern Congo-Brazzaville often received gifts from 

neighbouring Bobanda farmers in exchange for their labour on the farm. The 
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Bobandas mostly used recreational substances such as palm wine, tobacco, and 

marijuana as gifts to their Aka partners. Anthropologists believed this gift-giving 

served to reinforce Bobanda’s socioeconomic dominance over the Aka who grew 

dependent on the provision of recreational substances from the Bobandas 

(Hanawa, 2004).  

 Within indigenous communities, alcohol consumption became a social 

instrument to maintain social ties in a drastically changing socio-economic 

environment.  Among the Baka hunter-gatherers of Southeastern Cameroon, 

food sharing became limited in sedentary villages (Kitanishi, 2000). Cash income 

is seldom shared directly or only among close relatives (Kitanishi, 2006), however, 

when someone receives cash income, they would buy alcohol and tobacco to 

share among all residents. Alcohol and tobacco were generously shared among 

all that were present at the settlement (Kitanishi, 2006).  Sharing and co-drinking 

seem to be an opportunity for Baka to recognize solidarity in sedentary life. Similar 

patterns of social drinking were also observed among the San (Sylvain, 2006).  

 

7.6.2 Myths of a biological root 

Alcohol dependence exploits the existing neurology of humans, especially 

our dopamine and serotonin pathways. Humans evolved the ability to metabolise 

ethanol most likely because our anthropoid lineage had a predominantly 

frugivorous diet for about 40 million years, and ingesting ripe fruits with a low-level 

of ethanol carries nutritional benefits for frugivorous species in a resource-scarce 

environment. According to some evolutionary anthropologists, the excessive 

alcohol consumption of contemporary humans represents a mismatch of 

ancestrally advantageous behaviours with the unprecedented availability of 

strong alcohol enabled by recent inventions of distillation technology (Dudley, 

2004). 

There is strong evidence that alcoholism posed a serious and long-lasting 

threat to human survival, especially in agricultural societies. Two enzymes 

responsible for alcohol metabolism in the human body, alcohol dehydrogenase 

(ADH) and acetaldehyde dehydrogenase (ALDH), also regulate individual 

susceptibility to alcoholism. There are substantial variations among human 

populations in genes related to ADH and ALDH functions. For instance, the ADH2 

gene is present in ~70% of Han Chinese in North-east China, >20% Siberian 
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pastoralists (e.g. Buryats, Kalmyk), but almost absent in sub- Saharan, European, 

and Native American populations (Han et al., 2007). These patterns may reflect 

the differing selective pressures against alcoholism among historical human 

societies (Agarwal and Goedde, 1989). However, differing selection pressures in 

evolutionary history does not provide an adequate explanation for the alcoholism 

epidemic in indigenous cultures. For example, there is empirical evidence that 

many indigenous North Americans express fast-acting ALDH which protects 

against alcoholism, but alcoholism is highly prevalent in these populations (Li et 

al., 2007). As pointed out by (Wolff, 1972), " …when traditional values break down 

because of historical or political circumstances, individuals who (have genetic 

protection against alcoholism) ...may become vulnerable to alcohol abuse ". The 

alcoholism epidemic of indigenous cultures has a non-biological root and is not 

merely an evolutionary mismatch.  

 

7.6.3 Alcoholism and suicides 

Distinctions are vague between overt suicidal behaviour and other self-

destructive behaviour such as excessive risk-taking or alcohol and drug abuse in 

which the likelihood of dying is high (Young et al., 2015). Alcohol may be a 

mediating factor between social disintegration and suicide risks. A longitudinal 

study of the Swedish population found alcohol attributes to a third of male suicide 

cases and the national suicide rates correlated with unemployment rates over 

time, although individual variances were not controlled (Norström, 1995). Alcohol 

consumption elicits aggressive behaviours (Bushman et al., 2007) which 

endangers personal ties and weakens social integration. Empirical studies 

showed that alcoholics and excessive drinkers are often poorly integrated into 

society and have deficient social networks (Singer et al., 1964). Their progress of 

alcoholisation was accompanied by the deterioration of social ties (Cahalan and 

Room, 1974). When Durkheim wrote about indigenous suicide, he dismissed 

alcohol as a causal factor. Rather, he believed the main culprit to be social 

disintegration (Durkheim, 1897). His view is echoed in recent studies which 

associate increasing suicide rates among indigenous peoples with forced 

settlement and other social changes (King et al., 2009). Comparative studies 

showed that, on average, suicide is rarer in homogenous societies with high social 

cohesion, common values, and moral objections to suicide (Egeland and Sussex, 
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1985, Richard-Devantoy et al., 2014). A longitudinal study of the Swedish 

population in the 20th century showed that religiosity was inversely correlated with 

suicide rates over time (Norström, 1995). The authors argued that religiosity 

protects individuals against suicide because its system of shared beliefs promotes 

social bonding within the community. However, it is plausible that religious 

ideologies of moral objections and supernatural punishment for suicide played a 

more important role. 

Bereavement has a profound impact on the relatives of the deceased. It 

induces emotional distress which can lead to enduring inability to cope with loss, 

or even development of suicidal thoughts or behaviours in family members, 

especially in cases of violent death such as suicide and homicide (Turecki and 

Brent, 2016). We may logically deduce from the prevalence of unnatural deaths 

in the Evenk community in recent decades that many individuals experienced 

interpersonal stress from violence, childhood adversity from parental deaths, and 

bereavement of close kin.  

 

7.6.4 Welfare state and indigenous perspectives  

Social anthropologists often interpreted alcoholism in indigenous cultures 

as a symptom of underlying causes, such as colonisation, dispossession, 

unemployment, or poor living conditions. They argue that the collective 

experience of socioeconomic inequality, racism, surveillance, and technocratic 

control contributed to the identity crisis and low self-esteem of individuals in the 

community (Ball and Chandler, 1989, Phinney and Chavira, 1992, Tester and 

McNicoll, 2004) which led to emotional stress, depression, anxiety, substance 

abuse, and suicide. In this narrative, alcohol abuse is understood as means to 

provide the rewards that disadvantaged people are not otherwise getting as a 

result of their diminished social opportunities, or as self-medication to escape from 

chronic stressors (e.g. racism, poverty, poor education, unemployment, family 

instability, and residential instability). Non-indigenous anthropologists and 

policymakers emphasised that addicts should not be blamed for their moral 

failings or genetic make-up, and suggest the solution to indigenous alcoholism 

lies in improving their socioeconomic conditions.  

This account has been rejected by indigenous writers, who experienced 

alcoholism in their communities as an unprecedented social epidemic that 
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originated in recent decades. They argue the epidemic of alcoholism in 

indigenous cultures result from the combination of a passive welfare system and 

a liberal drug ideology in the nation-state. Passive welfare creates idle time, no 

sense of purpose, and an unconditional financial supply. While a liberal ideology 

does not punish addicts with social rejection but defends abusive lifestyles as a 

normal symptom of the “inherited trauma” of colonisation (Pearson, 2001). Many 

indigenous writers hold the passive welfare system responsible for a pathological 

social situation in recent decades. They consider the traditional subsistence 

economy as a real economy that requires hardworking, and the economy of 

passive welfare as fundamentally irrational. Passive social welfare provided by 

the government caused Aboriginal people to withdraw from participation in the 

real economy, indulge in wasteful, aimless behaviours and made them 

susceptible to an epidemic of alcohol abuse. Moreover, social ties maintained by 

co-drinking gave rise to a new dysfunctional culture - “to drink is to be Aboriginal”. 

There were social and cultural obligations to share alcohol which drew upon 

authentic obligations and relationships within Aboriginal culture. The traditional 

obligation for hunters to share food turned into a cultural obligation to share 

alcohol. Drinkers would challenge your Aboriginal identity to establish your 

obligation to contribute money to buy alcohol. Non-drinkers (women, children, old 

people) are placed under tremendous social and cultural pressure to contribute 

resources to the drinking network for buying alcohol. Ultimately the addicts may 

resort to intimidation and violence. People motivated by their alcohol addiction no 

longer value and respect other members as kin. They treat their spouse and family 

members as resources for money, shelter, food, and comfort, not someone they 

need to take responsibility for. This derogation of social ties suppresses any 

effective social controls over alcohol use.  

 

7.7 Summary 

The reindeer-herding Evenk in China is a critically endangered culture. 

Since the 1950s, Evenks in China gradually ceased to practice their hunting and 

herding traditions in accordance with government policies. Like many other 

indigenous cultures undergoing rapid socioecological transitions, Yakut Evenk 

experienced an inflation of unnatural deaths (i.e. homicide, suicide, accident) 

under the state economy, despite the lower infant mortality rate and improved 
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adult health in general. Alcoholism and excess mortality are commonly observed 

among indigenous cultures and may be symptomatic of stress and maladaptation. 

In the next chapter, I use published demographic records of Yakut Evenk to 

examine the patterns of unnatural deaths, how excess mortality impacts biological 

fitness and cultural behaviours of future generations, and what motivates 

individuals to maintain or abandon the traditional hunting-herding subsistence. 
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8. Evolutionary demography the reindeer-herding Evenk  

8.1 Introduction 

Longitudinal data capturing demographic and behavioural changes are 

crucial to understanding the proximate mechanism of cultural extinction - what 

drives individuals to cease practising and passing on their traditions (Zhang and 

Mace, 2021). In this chapter, I analyse the comprehensive demographic record of 

850 individuals in the reindeer-herding Evenk community from 1965 to 2014. 

These data present a unique case of a contemporary hunter-herder population 

under a collective state and we can directly measure life history strategy and 

kinship network for individual Evenki throughout the half-century of their 

subsistence transition. Individual decisions to discontinue the traditional 

subsistence of hunting and reindeer-herding provide empirical measures for the 

progression of cultural extinction. I explore the roles of institutional policies, 

intermarriage, and kinship networks in structuring the fitness landscape and 

driving cultural extinction.  

This chapter has two objectives. First, to explore underlying causes of 

Evenk unnatural deaths and how these deaths potentially influence life history 

strategies of victims’ relatives; Second, to understand what motivates individuals 

to maintain or abandon the hunting-herding subsistence, which was the core of 

traditional Evenk culture. In the first part, I test whether unnatural deaths among 

Evenki could be explained by evolutionary theories of risk-taking behaviours (Wolf 

et al. 2007); If so, life history strategies predict these deaths to be more prevalent 

among those who were younger, male, single, childless, or experienced stressful 

events in childhood (Hill et al. 1997). I would also test whether the disintegration 

of kin networks can explain unnatural deaths among Evenki (Turecki and Brent 

2016); If so, risks of unnatural death should be predicted by smaller kinship 

network sizes and bereavement of close relatives who died from unnatural deaths. 

Finally, I would test evolutionary theories of developmental imprint by analyzing 

the latent effects of stressful experience (e.g. parental death, unnatural deaths of 

close relatives) in childhood on life history strategies (e.g. timing of reproductive 

onset) (Hill et al. 1997; Ross & Hill 2001). In the second part, I assess how 

institutional forces influenced the adaptiveness of traditional lifestyle, and the 

relative importance of institutional forces, outgroup contact, and kinship network 

in driving cultural extinction.  
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8.2 Methods 

8.2.1 Data sources  

Demographic data of 850 individuals (407 females, 433 males, 10 

unknown gender) in the reindeer Evenk community born in 1855 – 2014 were 

collected and published by a Chinese researcher who interviewed reindeer Evenki 

in the 1970s, 1980s and 2000s (Dong 2015). His dataset was last updated on 

March 2015 which includes all demographic information up to the end of 2014. 

These individuals include 705 Evenki as well as 109 Han Chinese and 36 

individuals of other ethnicities who married into the reindeer Evenk community.  

Retrospective data on date-of-birth, date-of-death, gender, marital status, 

kin relations in the household, and clan membership of each member in the Evenk 

community were collected continuously during the researcher’s fieldwork in the 

1970s and 1980s and were published in the format of a kinship lineage diagram 

(see Figure 33). Snapshot data on kinship lineage and household composition 

were surveyed at least five times: by local government in October 1960 (Inner-

Mongolia-Editorial-Committee 1986, pg.49-53) and October 2004 (Dong 2015, 

pg.67-71), and by the individual researcher in December 1979 (Dong 2015, pg.54-

59), March 1993 (Dong 2015, pg.60-66), and December 2014 (Dong 2015, pg.72-

77).  

The population size of Evenki living on-site were recorded by the local 

government annually from 1965 to 2002, except in the years of 1986 and 1988. 

Published data of population sizes in 1965-1976 and 1987-2002 were based on 

government records of annual census, data in 1978-1984 were collected by the 

researcher (Dong 2015, pg. 43-45). The annual number of Evenk births and 

deaths in 1965 – 1987 were surveyed via fieldwork; Data in 1989–2002 were 

obtained from government census records (Dong 2015, pg. 46-47). Population 

size, birth, and death data only counted individuals living on-site. 

Data on causes of deaths were collected annually by government census 

from 1957 to 2014. Causes of deaths in 1922 to 1956 were collected 

retrospectively via field interviews with the Evenki in the 1970s and 1980s (Dong 

2015). Intermarriage data were collected retrospectively in 1985 (for 1957-1985 
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data), in August 2006 (for 1965 – 2006 data), and in December 2014 (for 2007 - 

2014 data) (Dong 2015). 

 Snapshot data on the occupation/subsistence of individual Evenki were 

collected by a Chinese researcher in 1983 and in 1993 (Kong 1994 pg. 269-274; 

pg. 257-260) and by the local government in 2004 (Dong 2015, pg.8). All adult 

Evenki in 1957 (before settlement) are coded as hunter-herders by default, so 

there are four waves of occupation/subsistence data for years of 1957, 1983, 

1992, and 2004. 

 

Figure 33. Reconstructed Lineage of Sampled Evenki. Retrospective data on date-of-birth, 

date-of-death, gender, marital status, kin relations in the household, and clan membership of each 

member in the Evenk community were collected continuously during the researcher’s fieldwork in 

the 1970s and 1980s and were published in the format of a kinship lineage diagram as shown 

here. 

 

8.2.2 Data completeness and biases 

 The dataset contains fairly complete demographic data for Evenki in the 

sedentary period (1965-2014). Data on individuals in the nomadic period before 

1965 were surveyed retrospectively and are incomplete. There are 167 missing 

‘date-of-birth’ for 705 recorded births, 113 missing ‘date-of-death’ and 166 missing 
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‘cause-of-death’ out of 413 recorded deaths in the community (see Figure 34 for 

data completeness). Due to the nature of retrospective data collection, data of 

mortality, especially infant mortality, before the government census began in 1965 

were likely to be underreported. Therefore, event history analyses excluded data 

before 1965.  

 

Figure 34. Pattern of Data Missingness. Dates of birth and death are missing for some of the 

individuals who passed away before the field survey began in 1965.  

 

8.2.3 Data transformation 

Raw data from demographic records include non-varying attributes 

(Gender, Date of birth, Date of death (if deceased), Cause of death, Ethnicity, 

Parent ID, Spouse ID) and a time-varying attribute (Occupation/subsistence) 

which was sampled at four separate times in 1956, 1982, 1991, and 2003. 

‘Occupation/Subsistence’ data were coded as a multi-state categorical variable: 

hunting-herding, non-hunting-herding, and missing data.  

 ‘Intermarriage Status’ is inferred from spouse ID and ethnicity data. Based 

on Parent ID and Date-of-birth, ‘Age at First Birth’ (AFB), time-varying ‘Marital 

Status’ and time-varying ‘Parent Status’ for each individual are inferred.  Based 
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on Parent ID, Date of Birth, and Date of Death, ‘Parental Death in Childhood’ 

were coded for individuals whose parents passed away before they reached the 

age of ten and further categorised it into ‘Mother Death’ or ‘Father Death’. Based 

on Gender, Parent ID, and Spouse ID, kin relations between all individuals are 

reconstructed.  

Data of kin relations were transformed into a matrix of biological 

relatedness between 360,825 dyads of individuals using kinship2 package in R. 

For each individual, alive relatives within the first-cousin degree (i.e. biological 

relatedness ≥ 0.125) are considered close relatives and part of ego’s kinship 

network. Kinship networks are inferred using a loop function coded in R. 

‘Occupation’, ‘kinship network’, ‘marital status’, ‘parental status’, ‘experienced 

unnatural death in kinship network’ are time-varying variables. ‘Survey wave’ in 

regression models is coded as a non-directional categorical variable. ‘Date of 

birth’ in regression models is coded in the calendar-date format in R. 

 

8.2.4 Comparative Datasets 

 For forager population controls in the comparative analyses, published life 

tables of the following post-contact hunter-gatherer populations were used: 

Tsimane of Bolivia in 1950-1989 (Gurven et al. 2007); the Hiwi of Venezuela from 

1960 to 1992 (Hill et al. 2007); the San Ildefonso Agta of the Philippines from 1950 

to 2010 (Headland et al., 2011); the Ache of Paraguay 1978 – 1983 (Hill and 

Hurtado, 2017). Published life tables of Russian populations in the 1980s (Global 

mortality database) serve as the urban population control.  

 

8.2.5 Hypotheses Testing 

Descriptive statistics presented above were computed and visualised with 

survival and survminer packages in R. Gender-age-specific mortality risks (Figure 

22-24) and age-specific unnatural death risks (Figure 35) were computed using 

Kaplan-Meier estimates of the survival function. Properties of kinship networks 

were calculated and visualised using sna, dplyr, igraph, ggplot2, and ggpubr 

packages in R 

To explore potential risk factors of unnatural deaths among Evenki, 

candidate competing-risk models predicting the age-specific probability of 
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unnatural deaths and natural deaths with different combinations of predictor 

variables: cohort, gender, marital status, parental status, intermarriage-status, 

and subsistence. The best-fitting candidate model is selected using the Akaike 

Information Criterion (AIC) score rankings (Table C1 in Appendix C). 

To test whether parental death during childhood influences offsprings’ life 

history strategies, I set up candidate Cox regression models predicting the age-

specific probability of reproductive onset. Number-of-offspring and birth-interval 

are also key measures of individual life history strategies, but in our case study, 

these measures are heavily confounded by the nation-wide family-planning 

policies and underrepresent individual heterogeneity. Cox models take account 

of right-censorings (who had not started reproducing by the time of the final 

survey) and left-censorings (who recalled having first birth but not the exact date). 

I checked whether the model met the ‘constant hazard’ assumption of Cox 

regression before proceeding to test the models. If the standard Cox regression 

assumption of constant hazard ratio is not met, a stratified Cox regression model 

is fitted instead.  

To assess the roles of institutional forces, intermarriage, and changing 

kinship networks in motivating individuals to maintain or abandon the traditional 

hunting-herding subsistence, I use time-varying multi-state Cox regression 

models to predict the subsistence and intermarriage status of individuals in a 

certain time interval (demarcated by survey waves) given attributes of the 

individual (e.g. marital status) and of their kinship networks in the previous time 

interval. Covariance among independent variables is checked (see Figure C1 in 

Appendix C). The best-fitting candidate model is selected using AIC score 

rankings (Table C2-3 in Appendix C). 

Age-specific mortality rates were inferred from published life tables. 

Gender-age-specific mortality risks and age-specific unnatural death risks were 

computed and visualised with survival (Therneau and Lumley, 2014), survminer 

(Kassambara et al., 2017), and ggplot2 (Wickham, 2016) packages in R. 

Properties of kinship networks were calculated and visualised using sna (Butts 

and Butts, 2016), igraph (Csardi, 2013), ggplot2 (Wickham, 2016), and ggpubr 

(Kassambara and Kassambara, 2020) packages in R. Cox proportional hazards 

regression models (including competing-risk models and time-varying multi-state 
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models) were fitted using the survival package (Therneau and Lumley, 2014) and 

visualised using the dotwhisker package (Solt and Hu, 2015) in R. 

 

8.3 Findings  

8.3.1 Unnatural deaths  

 

Figure 35. Competing risks for natural deaths and unnatural deaths among settled Evenki 
(1965-2014). 

In the Hiwi, unnatural deaths make up 55% of deaths in early adulthood 

and 31% in late adulthood (Hill et al. 2007). This fits with the theory that unnatural 

deaths were caused by risk-taking behaviours and younger males are more risk-

prone during the reproductive stage. However, among the reindeer-herding Evenk, 

age-specific risks of unnatural death appear to increase steeply in later adulthood, 

not in early adulthood. For Evenk men, unnatural death risks increase sharply 

from age 20 to 50, even exceeds natural death risks from age 40 to 60. For Evenk 
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women, unnatural death risks increase sharply from age 50 to 60, but stay much 

lower than natural death risks throughout life time.  

 
Table 14. Competing Risks Model of Natural Deaths for Settled Evenki. 

Variables Coefficient Standard Error p-value 

Birth Cohort 0.000 0.000 0.000*** 

Gender (=Male) 0.657 0.297 0.027* 

Subsistence (=hunter-herder) 0.428 0.340 0.208 

Being parent -0.310 0.494 0.530 

Intermarriage -0.139 0.366 0.705 
 
Table 15. Competing Risks Model of Unnatural Deaths for Settled Evenki. 

Variables Coefficient Standard Error p-value 

Birth Cohort 0.000 0.000 0.012* 

Gender (=Male) 0.540 0.341 0.113 

Subsistence (=hunter-herder) 1.130 0.408 0.006** 

Being parent -1.110 0.522 0.034* 

Intermarriage -0.495 0.447 0.268 
 

 

Among reindeer-herding Evenki, natural deaths risks (Table 14) appear to 

be random and were not associated with subsistence, parental status, or 

intermarriage status. In contrast, unnatural death risks (Table 15) are strongly 

correlated with the traditional hunting-herding subsistence after controlling for 

gender and cohort effects. This may be due to the risks of accidents associated 

with outdoor activities in the arctic environment (Soininen and Pukkala, 2008) and 

risky drinking patterns in cold weather (Stickley et al., 2009). On average, 

individuals with childcare responsibilities are at lower risks of unnatural deaths. 

Gender differences of unnatural death risks shown in Figure 35 are no longer 

significant after subsistence, cohort, and parental status are controlled. 
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8.3.2 Parental absence and accelerated reproductive onset 

Bereavement has a profound impact on the relatives of the deceased. It 

induces emotional distress which can lead to enduring inability to cope with loss, 

or even development of suicidal thoughts or behaviours in family members, 

especially in cases of violent death such as suicide and homicide (Turecki and 

Brent, 2016). We may logically deduce from the prevalence of unnatural deaths 

in the Evenk community in recent decades that many individuals experienced 

interpersonal stress from violence, childhood adversity from parental deaths, and 

bereavement of close kin. Experiences during the developmental stage - such as 

parent absence and attachment style - exert significant influence on life history 

strategies and the timing of reproductive onset (Chisholm et al., 2005, Nettle, 

2011). Parental death in childhood deprives the child of investment for education 

and career opportunities in adulthood (Kok and Bras, 2008) and contributes to 

higher levels of stress for the surviving parent (Worden, 1996), which might 

undermine the quality of care received by the child. Less interaction with the child 

of the surviving parent, in turn, predicts economic adversity in later life (Berg et 

al., 2016). Furthermore, there is empirical evidence that maternal and paternal 

death have different fitness consequences and should be considered separately 

(Rosenbaum-Feldbrügge, 2019). Below I examine the latent effects of parental 

deaths during childhood on the offspring reproductive onset in the reindeer-

herding Evenk community. While the number of offspring and birth-interval are 

also key measures of individual life history strategies, in our case study, these 

measures are heavily confounded by the nation-wide family-planning policies and 

underrepresent individual heterogeneities in life history strategies. 

Kaplan-Meier estimates (Figure 36-37) showed that individuals with one 

parent absent are more likely to not reproduce in their lifetime than those with 

both parents present. Father-absence has a stronger effect delaying of daughter’s 

reproductive onset after the age of 30 but no significant effect on son’s timing of 

reproductive onset. Mother absence has a strong effect delaying the son’s 

reproductive onset after the age of 40 and has a marginal effect delaying the 

daughter’s reproductive onset after the age of 35. However, cohort effects are not 

controlled in these estimates. 
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Figure 36. Gender-specific effect of Father Absence on Reproductive onset (AFB). 

 

Figure 37. Gender-specific effect of Mother Absence on Reproductive onset (AFB). Mother-

absent individuals, especially men, are more likely to not reproduce in lifetime. Mother-absence 

has a stronger effect on the reproductive onset of Evenk men after the age of 40. 

   

When gender and cohort effects are controlled, standard Cox regression 

assumption of proportional-hazards was not met (Figure 38), therefore a stratified 
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Cox regression model was fitted instead. Based on the time-varying hazard ratio 

plots, the observed durations were split into 3 categories with cutoffs at 31 and 43 

so the hazard ratio within each category is time-constant. 

 

 

Figure 38. Hazard Ratios of Father Absence (left) and Mother Absence (right) not constant 
over time. 

 

Results of stratified cox models (Table 16-17) show that, when gender and 

cohort effects are controlled, father-absence delays reproductive onset for sons 

and daughters in early adulthood but has no significant effect for late adulthood 

(after the age of 43), while mother-absence delays reproductive onsets of 

offspring, especially sons, in their early adulthood but has no significant effect 

after they passed the age of 31. In both cases, more recent cohorts are less likely 

to begin reproduction in late adulthood than previous cohorts. 
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Table 16. Reproductive Onset Predicted by Father Absence During Childhood. 

 

Table 17. Reproductive Onset Predicted by Mother Absence During Childhood. 

  

 

Results of stratified cox models (Table 16-17) show that, when gender and 

cohort effects are controlled, father-death during childhood delays the 

reproductive onset of offspring during early adulthood but has no significant effect 

Variables Coefficient Standard Error p-value 

Father absence (Age < 31) -0.435 0.207 0.035* 

Father absence (31 < Age < 43) -0.908 0.355 0.01* 

Father absence (Age > 43) -1.51 1.14 0.184 

Gender Male (Age < 31) -0.344 0.188 0.067 

Gender Male (31 < Age < 43) -0.27 0.302 0.371 

Gender Male (Age > 43) -1.13 0.648 0.08 

Date of Birth (Age < 31) 0.000015 0.00000931 0.108 

Date of Birth (31 < Age < 43) -0.00000331 0.0000127 0.793 

Date of Birth (Age > 43) -0.000088 0.0000271 0.001*** 

Variables Coefficient SE p-value 

Mother absence (Age < 31) -1.02 0.253 0.000058*** 

Mother absence (31 < Age < 43) -0.64 0.374 0.08697 

Mother absence (Age > 43) 0.135 0.92 0.88325 

Gender Male (Age < 31) -0.383 0.182 0.03498* 

Gender Male  (31 < Age < 43) -0.307 0.288 0.28522 

Gender Male (Age > 43) -1.02 0.658 0.12218 

Cohort (Age < 31) 0.0000266 0.0000105 0.01144* 

Cohort  (31 < Age < 43) -0.0000106 0.0000137 0.44046 

Cohort (Age > 43) -0.000141 0.0000364 0.00011*** 
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during late adulthood (after the age of 43), while mother-death delays 

reproductive onsets of offspring, especially sons, in their early adulthood but has 

no significant effect after they passed the age of 31. In both cases, more recent 

cohorts are less likely to begin reproduction in late adulthood than previous 

cohorts 

 

8.3.3 Intermarriage  

Traditional Evenk culture enforced stringent rules of inter-clan marriages 

often arranged by parents, forbidding marriage within the clan and with non-

Evenki; before their settlement, only one married couple violated these rules and 

married within the clan, they were exiled from the community as punishment. 

Young Evenki could marry after the age of fifteen although many married at older 

ages. Demographic records in 1957 showed around 50% of 18 to 45 years old 

Evenki were unmarried (Inner-Mongolia-Editorial-Committee, 1986). 

Traditional norms of endogamy started to decline rapidly following the 

settlement scheme in 1957. After the settlement and collectivization of the 

hunting-herding economy in 1967, Evenki lived among Han Chinese and many 

started working in factories and offices. From 1968 to 1980, waves of urban 

immigrants arrived in the Evenk community under a state campaign. These urban 

immigrants participated in all aspects of Evenk daily lives and many stayed in the 

Evenk community for more than a decade. By the 1980s, traditional marriage and 

residence rules were no longer enforced, and intermarriage with non-Evenki was 

commonplace (Figure 27).  
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Table 18. Population-level Intermarriage Rates and Hunting-herding Prevalence over time 

 

A simple correlation test shows population-level intermarriage rates were 

associated with subsistence transition (away from hunting-herding) overtime 

during periods of settlement and privatisation reforms. Intermarriage became 

prevalent for all Evenki after 1992, indicating an end of the transition period and 

completion of cultural assimilation processes.  

 

Time Marriage 
Hunter/
Herder 

Other 
Subsistence 

Overall 
Chi2  
p-value 

Before 1957 

Endogamy 95 0 95 

 Exogamy 13 0 13 

Ratio 0.88 NA 0.88 

1958 - 1983 

Endogamy 28 22 50 

0.0492* Exogamy 16 31 47 

Ratio 0.64 0.42 0.52 

1984 - 1992 

Endogamy 17 17 34 

0.0068** Exogamy 13 49 62 

Ratio 0.57 0.26 0.35 

1992 - 2004 

Endogamy 6 23 29 

0.6589 Exogamy 12 69 81 

Ratio 0.34 0.25 0.26 
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Figure 39. Summary of the Best-fitting model of Time-varying Intermarriage status. Time-

varying multi-state Cox regression models predict the intermarriage status of individuals in a 

certain time interval given attributes of the individual and of their kinship networks in the previous 

time interval. Survey-wave is coded as a non-directional categorical variable. The best-fitting 

candidate model is selected using AIC score rankings (Table C3 in Appendix C). ‘Number of 

unnatural deaths in kinship network’ and ‘number of intermarriages in kinship network’ were also 

considered as independent predictors and as interaction terms of kinship network size but they do 

not contribute to the best-fitting model. 

 

While intermarriage predicts individuals to transition away from traditional 

subsistence (Figure 40), intermarriage status is not predicted by subsistence and 

kinship network properties at the previous time interval. Cohort effects – which 

captures different institutional forces over decades – explains most of the 

variance in intermarriage status. 
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8.3.4 Extinction of traditional hunting-herding subsistence 

 

Figure 40. Summary of the Best-fitting model of Time-varying Subsistence. Time-varying 

multi-state Cox regression models predict the subsistence of individuals in a certain time interval 

(demarcated by survey waves) given attributes of the individual and of their kinship networks in 

the previous time interval. Survey-wave is coded as a non-directional categorical variable. The 

best-fitting candidate model is selected using AIC score rankings (Table C2 in Appendix C). 

‘Number of unnatural deaths in kinship network’ and ‘number of intermarriages in kinship network’ 

were also considered as independent predictors and as interaction terms of kinship network size 

but they do not contribute to the best-fitting model. 

 

Time-varying multi-state Cox regression models were fitted to predict 

individual transition away from hunting-herding subsistence in four intervals 

between surveys. The best-fitting model (Figure 40) shows that individual 

decision to transition away from traditional subsistence is predicted by exogamy, 

cohort effects, and the number of suicides in ego’s kinship network, after gender 

and kinship network size are controlled. Individuals who are female, married non-

Evenk spouse, or has more close relatives died from suicides are more likely to 

discontinue practising the traditional subsistence. The number of close relatives 

practising hunting-herding has a marginal but insignificant effect on maintaining 

traditional subsistence. Size of the kinship network and intermarriages in kinship 
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network were considered but do not contribute to the best-fitting model predict 

individual subsistence transition (see Table C2 in Appendix C). 

 

8.4 Discussion 

After settling to a sedentary lifestyle, Yakut Evenk went through an extended 

demographic transition and adult mortality remained high throughout the late 

twentieth century. Despite better access to medical facilities, adults in Yakut 

Evenk had higher mortality risks than adults in the Hiwi, the Ache, the Tsimane, 

and comparable mortality risks with the San Ildefonso Agta adults. Although 

behavioural ecology studies often categorise accidental and violent deaths as 

results of risk-taking behaviours (Hill et al. 2002), results showed that unnatural 

deaths in Yakut Evenk cannot be fully explained by evolutionary theories of risk-

taking behaviours, or the disintegration of kinship networks during industrialisation. 

Risks of unnatural death among the reindeer Evenk do not correlate with gender 

or the size of kinship network and strongly correlate with the traditional 

subsistence and cohort.  

In the reindeer-herding Evenk, there is an inflation of unnatural deaths under 

the settlement and privatisation schemes, with many victims in late 

adulthood.  This supports the account of native anthropologists that indigenous 

alcoholism was enabled by a passive social welfare system (i.e. unconditional 

subsidies to all members of the indigenous community) combined with a liberal 

attitude towards substance abuse (Pearson 2001). Formal analyses show that 

unnatural death risks are significantly higher for hunter-herders than other 

occupations. This may be due to risks of accidents associated with outdoor 

activities in the arctic environment (Soininen and Pukkala, 2008) and risky 

drinking patterns in cold weather (Stickley et al., 2009). It is also plausible that 

after the hunting economy was collectivised, meat-sharing was no longer possible 

and alcohol-sharing served as its substitute to maintain social relations within the 

community (Ready and Power, 2018).  

Breakdown of traditional subsistence and social networks can lead to 

pervasive feelings of dislocation and mental health crises in indigenous societies. 

Field researchers commented that many unnatural deaths in this reindeer-

herding Evenk community were associated with alcohol intoxication; Up to 4% of 
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the entire population died from alcohol-related causes every year from 1968 to 

1990 (Dong, 2015). This echoes the experience of many indigenous cultures in 

nation-states that were plagued by epidemics of substance abuse and mental 

health crises and suffered from staggering rates of unnatural deaths in recent 

decades (Ohenjo et al., 2006). Some anthropologists believe substance abuse 

was responsible for the deteriorating mental health and increasing violence and 

deaths in post-contact indigenous cultures including the Māori in New Zealand 

(Baxter et al., 2006), the Hadza of Tanzania (Marlowe, 2010), the San in 

Botswana (Ikeya, 2002), and aboriginal Australians (Pearson, 2001), Inuit 

societies in Canada (Seale et al., 2006), the Sami reindeer-herders in Sweden 

(Ahlm et al., 2010), and many others. Alcoholism can exacerbate social isolation 

by eliciting aggressive behaviours (Bushman et al., 2007) and eroding social ties 

(Singer et al., 1964, Cahalan and Room, 1974).  

Are alcohol-related unnatural deaths in contemporary foraging populations 

maladaptive? Some behavioural ecology studies categorise alcohol abuse as 

risk-taking behaviour (Hill and Chow, 2002). However, risk-taking behaviours 

harmful to health are not always maladaptive – they can be adaptive if they 

promote success in resource or reproductive competition (Wolf et al., 2007). The 

most potential gain from risky actions occurs in the life stage of competing for 

mates, which is typically more intense for unpartnered young men than for women 

or older men (Hill et al., 1997). Cohort studies of western populations found 

risking-taking behaviours more prevalent for younger, male, single, childless, and 

lower-income individuals (DeWit et al., 1997, Bucholz et al., 1995). Among the 

adult population of Northern Ireland, men who were single and women who were 

childless are more at risk of accidental/suicidal deaths (compared to their 

counterparts), after controlling for socioeconomic status (Uggla and Mace, 2015). 

Our findings concur with the observation that childless individuals were more at 

risk of unnatural deaths on average, but no significant gender difference in 

unnatural death risks was found among settled Evenki, after controlling for cohort 

and subsistence. 

Distinctions between overt suicidal behaviour and other self-destructive 

behaviour such as excessive risk-taking (leading to fatal accidents or overdose) 

can be vague (Young et al., 2015), but it is unlikely that substance abuse is a 

sufficient cause of mental health crises in marginalized indigenous societies. For 
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instance, in the Guaraní Kaiowá of Brazil, suicide rates are 25 times the national 

average suicide rates of the Brazilian population, mostly by young people by 

drinking poison or hanging themselves and not while intoxicated (Coloma et al., 

2006). Comparative studies showed that, on average, suicide is rarer in 

homogenous societies with high social cohesion, common values, and moral 

objections to suicide (Egeland and Sussex, 1985, Richard-Devantoy et al., 

2014). When Durkheim wrote about indigenous suicides, he dismissed alcohol 

as a causal factor; Rather, he believed the main culprit to be social disintegration 

(Durkheim, 1897). His view is echoed in recent studies which associate rising 

indigenous suicide with forced settlement and other institutional schemes (King 

et al., 2009).  

Contrary to the prediction of life history theories and the large body of 

empirical findings in western populations (Nettle, 2011, Chisholm et al., 2005), 

parental death during childhood predicts later reproductive onset among Evenki, 

not earlier. This is consistent with many other studies of non-industrial societies 

(e.g. Gambia horticulturalists (Allal et al., 2004), Ache hunter-gatherers 

(Waynforth, 2002), preindustrial Finns (Lahdenperä et al., 2007), Maya, Belize 

(Waynforth, 1998), matrilineal Mosuo (Mattison et al., 2014). A recent cohort study 

found that, in the Netherlands, son’s socioeconomic position is more affected by 

parental death than daughter’s, and the negative impact of maternal loss on social 

position is more long-lasting than paternal loss (Rosenbaum-Feldbrügge, 2019). 

In Evenk, maternal death appears to delay reproductive onsets before the age 31, 

especially for sons; Paternal loss has a more long-lasting effect, delaying 

reproductive onsets for sons and daughters before the age of 43.  

Ethnographic (Kelly, 1985, Cronk, 1989), archaeological (Bentley et al., 

2008), and genomic records (Quintana-Murci et al., 2008, Bosch et al., 2003) 

suggest intermarriage of indigenous women with men in neighbouring 

farming/pastoralist societies may be common in human evolutionary history. 

However, in this case study, there is no strong gender differences in tendencies 

of intermarriage (Figure 39) and intermarriage status does not predict natural or 

unnatural death risks when cohort and gender are controlled (Table 14-15). The 

acute inflation of unnatural deaths and individual variations in maintaining or 

abandoning the traditional hunting-herding subsistence is mostly explained by 

cohort effects that capture institutional forces. Effects of collectivisation and 
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privatisation schemes seem to overweight the effects of kinship network 

composition and individual attributes.  

Given the observed high adult mortality and fitness costs associated with 

parental absence, it seems plausible that vertical inheritance of traditional culture 

was severely disrupted which may have led to the loss of traditional subsistence. 

However, the loss of traditional subsistence in this case seems to be better 

explained by forces of cultural diffusion (i.e. horizontal transmission) than 

disruptions of cultural inheritance (i.e. vertical/oblique transmission) (Guglielmino 

et al., 1995). At the population level, subsistence transition coincided with 

exogamy rates over the decades. At the individual level, marrying a non-Evenk 

partner also predicts transition away from the traditional hunting-herding 

subsistence, while the availability of close relatives who were hunter-herders does 

not predict choices of subsistence. Intermarriage does not correlate with any 

individual attributes or properties of kinship networks and is largely explained by 

cohort effects.  

Bereavement of close relatives died from suicide appear to be a significant 

predictor for individuals to adopt non-traditional subsistence, independent of the 

size of their kinship network and cohort effects. This highlights the role of 

subsistence as behavioural adaptations that respond to environmental cues of 

fitness costs. Longitudinal studies of social networks showed that non-normative 

life events, such as the death of a relative and divorce, almost exclusively reduced 

the size of social networks and has profound effects on social relationships 

(Lehman et al., 1987, Murphy et al., 1998, Wrzus et al., 2013). The prevalence of 

unnatural deaths caused by the alcoholism epidemic may further weaken the 

integrity and strength of parochial networks, accelerating the progress of cultural 

assimilation. 

Admittedly, the extinction of Evenk cultures involves much more than the 

loss of their traditional subsistence. Much cultural knowledge, technology, religion, 

folktale, and material art were lost before the extinction of hunting-herding 

subsistence, some of which were targeted and destroyed systematically during 

the Cultural Revolution era. Loss of these intangible cultures most likely reshaped 

the social fabric in the community which were not captured in demographic data. 

Here my attempt to formally test cultural evolution mechanisms at the individual 

level is obfuscated by the lack of social relation data. Individual socioeconomic 
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status is not controlled in the analyses. Although the state frequently redistributed 

assets to equalise socioeconomic positions of all households during the collective 

era, the disparity in socioeconomic positions started to grow in the private 

economy as many Evenki migrated to urban areas. Intermarriage with a non-

Evenk partner is assumed to be a proxy measure of cultural contact and demic 

diffusion. Nonetheless, intermarriages were likely associated with socioeconomic 

benefits and not merely the passive result of population contact. It cannot be 

ascertained whether subsistence transition resulted from cultural contact or 

conscious deliberations of fitness benefits.  

Some studies of hunter-gatherer demography claimed the mortality patterns 

of foraging populations at the time of contact or immediately after contact are 

representative of life histories of the Upper Paleolithic Homo sapiens (Page et al., 

2016, Hill et al., 2007), often characterised with high mortality in early adulthood 

which could be mitigated by living grandparents and allocarers in a cooperative-

breeding society. The authors also commented that “Most adult men took 

hallucinogenic drugs on a daily basis and accidents were common” in one 

foraging community (Hill et al., 2007). If the post-contact foraging populations 

were suffering from an epidemic of substance abuse, as the reindeer-herding 

Evenk had been after settlement, their excess adult mortality is most likely an 

unprecedented phenomenon that only originated in recent decades. Evolutionary 

anthropologists studying foraging populations should avoid downplaying the 

social and physical impact of institutional forces in recent decades and 

overgeneralising the demography of post-contact foraging populations as 

accurate reflections of our ancestral past; They should seek to understand the 

causes of these maladaptive behaviours and their impact on the social networks 

and cultural heritage in endangered cultures. 

There are several methodological shortcomings. There is no data on family 

members of non-Evenk individuals who married into the community, therefore 

affinal kins of non-Evenk partners were not included in our measures of kinship 

network. There is also no data on the timing of divorce and remarriage. Previous 

studies found that the presence of step-parent may mitigate or exacerbate the 

impact of parental absence on offspring outcome (Sear and Mace, 2008, 

Rosenbaum-Feldbrügge, 2019), these effects were not controlled. We could not 

control for individual variances of socioeconomic status due to a lack of relevant 
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data. Although the state frequently redistributed assets to equalise the 

socioeconomic positions of all households during the collective era, the disparity 

in socioeconomic positions started to grow in the private economy as many 

Evenki adopted wage labour and migrated to urban areas. Lastly, time-varying 

variables (e.g. subsistence) are limited in sample size (see Figure 34), long 

intervals between survey waves also may fail to capture short-term population 

changes. 

 

8.5 Conclusion 

Using the comprehensive demographic record of 865 Evenk individuals 

over the past 70 years, this chapter formally tests the causes of unnatural deaths 

among Evenki. Results suggest that unnatural deaths were disproportionally 

prevalent among hunter-herders under privatization schemes and cannot be 

explained by evolutionary theories of risk-taking behaviours or the disintegration 

of kinship networks; Parental death during childhood has a significant, negative 

impact on offspring reproductive outcome; Transitions away from the traditional 

reindeer-herding subsistence were predicted by exogamy and loss of close 

relatives who died from suicide, after controlling for cohort, gender, and kin 

network size. Alcoholism and excess mortality under state policies and passive 

welfare may be perceived as cues of stress in the local ecology and discouraged 

individuals from adopting the traditional subsistence. Similar patterns of 

maladaptive behaviours and demographic upheavals were observed in other 

indigenous cultures and likely disrupted traditional cooperative networks and 

hastened cultural extinction. 
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9 Conclusion 

9.1 Summary of findings 

In this thesis, I used empirical data to formally test evolutionary hypotheses 

and examined the diversification of Sino-Tibetan cultures (chapter 3) and Sino-

Tibetan kinship systems (chapter 4), the diversification, survival, and extinction of 

historical Islamic groups (chapter 5), global patterns of enthnolinguistic speciation 

(chapter 6), and how institutional forces causing demographic upheavals 

influence cultural extinction of the reindeer-herding Evenki (chapter 7 and 8). I 

briefly revisit all findings below. 

In chapter 3, I inferred the origin of Sino-Tibetan cultures to be 

approximately 8,000 years ago on average, millennia before major farming 

dispersals out of the Yellow River homeland. This calls for a more cautious 

interpretation of the inferred root age of cultural phylogenies, which represents 

incipient linguistic divergences that are not necessarily associated with population 

migration. Combined with genetic and archaeological evidence, it seems likely 

that farming in East Asia spread gradually through the mixing of farmers and 

hunter-gatherers rather than rapid population replacement by conquests.  

In chapter 4, I reconstruct the evolutionary history of Sino-Tibetan kinship 

systems and found female-centred kinship systems likely arose recently among 

Sino-Tibetan groups, contrary to the popular belief in China that matriarchal 

kinship was prevalent among prehistorical Sino-Tibetan populations, and 

patriarchal systems, with female dispersal at marriage, only evolved later among 

Sino-Tibetan groups.  

In Chapter 5, I test whether intrinsic elements of religious groups (i.e. 

eschatological ideologies) may influence their survival and extinction and found 

evidence that apocalyptic beliefs are associated with accelerated group extinction 

even after phylogenetic associations are controlled. I also test theories from 

religious studies, that beliefs of an imminent apocalypse co-evolved with and 

facilitated revolutionary violence, while reincarnation beliefs cause people to 

acquiesce to the existing social order and withdraw from political activism. Results 

show substantial evidence that apocalyptic beliefs co-evolved with revolutionary 

violence, while reincarnation beliefs were evolutionarily stable in peaceful groups. 

In both cases, violence precedes the emergence of the belief, which suggests that 



 

 

  176 

conditions which generate revolutionary violence changed beliefs rather than 

beliefs generated violence.  

In Chapter 6, I explore global processes governing speciation events in 

cultural macro-evolution and found a fundamental distinction between the nature 

of human cultural groups and biological species, with the former actively seeking 

and then maintaining separation. In most cases, waiting times between cultural 

speciation events (measured by internal branch lengths) are shorter than 

stochastic processes would predict, suggesting that cultural splitting is 

opportunistic in the sense of occurring just as soon as the new cultural group can 

be viable. This way of thinking about cultural speciation also has implications for 

attempts to understand why some language families or subgroups have much 

more or fewer taxa than others. Researchers seeking to develop explanatory 

theories for the divergence of cultural groups should focus on how various driving 

forces might combine, rather than trying to identify individual causes (speciation 

factors) shared across meta-populations of cultural groups. 

Chapter 7 and 8 present a case study of cultural extinction in the reindeer-

herding Evenk of Northern China. Compare to other hunter-gatherer populations 

in recent decades, sedentary Evenki showed extremely high rates of unnatural 

deaths. There is an inflation of unnatural deaths under the settlement and 

privatisation schemes, with many victims in late adulthood. In Chapter 8, I 

conducted formal demographic analyses and found that, among settled Evenki, 

unnatural death risks are significantly higher for hunter-herders than wage 

labourers and for childless individuals in the Evenk community. However, men 

were not at significantly higher risks to unnatural death than women. Intermarriage 

with a non-Evenk partner does not correlate with unnatural death risks 

significantly. Those who married non-Evenk partner were less likely to continue 

traditional hunting-herding subsistence, suicide of close relatives also predicts 

individuals to transition away from traditional hunting-herding subsistence, after 

controlling for cohort, gender, and kin network size. Institutional forces (captured 

in cohort effects) are paramount while the composition of kinship networks only 

played a minor role in driving subsistence transition. Alcoholism and excess 

mortality under state policies and passive welfare further weaken the integrity and 

strength of parochial networks and may be perceived as cues of stress in the local 

ecology, discouraging individuals from adopting the traditional subsistence and 

accelerating the progress of cultural extinction. 
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9.2 Implications and future research 

The field of cultural evolution places heavy emphases on how cultural traits 

are transmitted (Cavalli-Sforza and Feldman, 1981) in ways constrained by social 

learning biases (Boyd and Richerson, 1985), but is less concerned with how and 

why cultural traits/institutions arise, persist, and dissolve – these are equally 

important evolutionary processes received little attention. This thesis aims to 

demonstrate how these fundamental processes can be studied empirically in a 

phylogenetic comparative framework at the macro-evolutionary level, and in a 

behavioural ecology framework for relatively short term dynamics (over decades 

or centuries).  

Cultural group selection theories (Richerson et al., 2016a, Boyd and 

Richerson, 2009, Henrich, 2004) propose that, when population is structured into 

different groups, between-group selection can lead to behaviours benefiting the 

survival of cultural groups that do not necessarily benefit individual fitness. It 

explains how norms within groups and differences between groups are 

maintained by social learning processes, but does not formally model the origin 

of cultural groups. Diversification of ethnolinguistic groups is assumed to occur 

via stochastic processes (Boyd et al., 2011) - groups vary randomly and reach 

different stable equilibria (Boyd, 2017, Ensminger and Henrich, 2014). However, 

as results in Chapter 6 showed, ethnolinguistic diversification is not a passive, 

stochastic processes. While group competition can facilitate the spread of group-

beneficial cultural traits and institutions (Turchin et al., 2013), it is not a necessary 

condition for group-level cultural diversity to evolve. Results in Chapter 3 showed 

that the diversification of ethnolinguistic groups could have occurred in absence 

of any physical barriers between subpopulations but as soon as distinct ecological 

niches or social distances interrupted interactions between subpopulations.  

Cultural group selection theories are predominantly concerned with the 

spread of cultural traits and often downplay the importance of individual-level 

selection for biological fitness, or assume a false dichotomy between biological 

adaptations and cultural behaviours. In reality, cultural evolution acts upon norms 

and institutions that are directly relevant to individual survival and reproduction, 

and group-level cultural changes are not always driven by social transmissions 

(Birch, 2017). As results in Chapter 5 shows, cultural norms that promote the 



 

 

  178 

competitiveness of cultural groups (e.g. belief in an imminent-apocalypse, which 

mobilises collective action against the outgroup) are adaptations rather than 

products of cultural group selection; they originated in response to violent conflicts 

that threaten the biological fitness of group members, and did not promote the 

survival and longevity of cultural groups.  

Cultural group selection theories also assume that the evolved variations 

between cultural groups are stable, and it is difficult for group norms to change 

endogenously (Richerson et al., 2016a, Boyd and Richerson, 2009, Henrich, 

2004). However, empirical studies of institutional change showed that individuals 

would frequently attempt to create new norms to benefit both individuals and the 

group (Ostrom, 1990, Singh et al., 2017). These endogenous institutional 

changes did not arise from stochastic processes, or from copying the institutions 

of more successful groups, or group competition (Powers and Lehmann, 2013). 

This calls for a rethink of mechanisms responsible for generating cross-cultural 

variation in norms, institutions and behaviours.  

If cultural group differences do not arise via stochastic processes, are not 

stable through time, and change endogenously, then the current theoretical 

framework of cultural group selection does not offer a satisfactory explanation to 

cultural macroevolution. A comprehensive account of cultural macro-evolution 

requires the integration of multi-level cultural group selection, phylogenetic 

associations from cultural ancestry, and rational choices of individuals who can 

flexibly adjust their behaviours in response to the local ecology. These 

approaches are often contrasted, with evidence for one acting as evidence 

against the other. However, these approaches are not necessarily in conflict 

(Mace, 2014). Principles derived from behavioural ecology can illuminate how the 

fitness consequences of cultural behaviours and population dynamics cause 

individual behaviours to drift or stabilise towards the evolutionary stable 

equilibrium. For example, frequency-dependent fitness costs and benefits are key 

to understanding both the origin and the loss of cultural diversity. Evolutionary 

models informed by empirical data (Ji et al. 2016) have shown that cultural norms 

of marital residence can evolve as a frequency-dependent strategy in response 

to changing fitness payoffs and starting conditions. These incentives are 

necessary for our understanding of cultural change, which requires that people 

diverge from pre-existing norms rather than upholding them. The case study of 
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Evenk reindeer-herders in Chapter 7 and Chapter 8 demonstrated how group-

level cultural changes result from individuals reacting to local demographic and 

sociopolitical pressures, each operated within the constraints of their 

circumstances. More empirical studies are needed to shed light on how 

individuals design rules, or shape existing ones, to suit their current situation and 

how new norms arose from rational self-interests. These studies will inform the 

scope and limits of the existing theoretical framework of cultural group selection. 

Theoretical studies in evolutionary biology offered an abundance of 

hypotheses (e.g. trait-dependent extinction, evolutionary dead-ends) that are 

applicable to the macro-evolutionary study of cultural diversity. A fundamental 

pattern of biodiversity is the phylogenetic imbalance caused by disparities of clade 

sizes (i.e. number of taxa in a clade) (Heard and Mooers, 2002, Ricklefs, 2007). 

Although variation in clade size is expected due to purely stochastic processes, 

many families exhibit an imbalance far beyond what is expected by chance alone 

(Mooers and Heard, 1997) and reflect true differences in speciation and extinction 

rates. It seems likely that trait evolution at species level resulted in fixed 

differences in speciation rates and extinction rates (Pyron and Burbrink, 2014). 

Some traits are hypothesized to act as “key innovations”, spurring diversification 

by opening up new ecological opportunities (Mitter et al., 1988, Hodges and 

Arnold, 1995). For instance, sexual reproduction provides evolutionary 

advantages to organisms that employ this mechanism as an effective mean to 

eliminative deleterious mutations. The emergence of “key innovations” sometimes 

sets off adaptive radiation and leads to a burst of diversification events as lineages 

acquire new niches. Alternatively, the acquisition of some conserved biological 

traits can increase the likelihood of extinction (Stebbins, 1957), these are known 

as “evolutionary dead-ends”. Large body size, for example, is associated with 

higher extinction rates in mammals throughout Holocene (Turvey and Fritz, 2011).  

Similar patterns of imbalance are observed in the distribution of cultural 

traits. For example, patrilineal kinship is predominant in non-industrial food-

producing cultures while matriliny is represented in only 17% of world cultures. 

Previous studies on the evolution of Bantu descent has shown that patriliny 

kinship co-evolved with cattle pastoralism in sub-Saharan Africa and was likely 

an adaptive trait facilitating resource defence in pastoralist societies (Holden and 

Mace, 2003). One of the research questions I attempted to answer during my PhD 
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is whether female-centred kinship systems are associated with accelerated 

extinctions of Sino-Tibetan groups. Theoretically, this hypothesis can be tested 

state-dependent speciation models (Friedman and Ryerson, 2009, Maddison et 

al., 2007, Beaulieu et al., 2017), commonly used in Evolutionary Biology to 

estimate effects of a trait/phenotype on species extinction rates. However, the 

limited sample size of comparative cultural data, such as the Sino-Tibetan kinship 

data used in chapter 4, largely restrains the statistical power of state-dependent 

speciation models such as BiSSE (Davis et al., 2013); Most speciation-extinction 

models also do not accommodate node fossils and known extinct taxa.  

A recent simulation study (Louca and Pennell, 2020) showed a given 

phylogeny can result from an infinite number of alternative combinations of 

extinction and speciation rates that are equally likely, and a single numeric 

estimate of extinction rates independent of speciation rates is not a robust 

measure of diversification dynamics. Evolution of diversity is an arms race 

between speciation and extinction, often we cannot estimate extinction rate alone 

due to incomplete sampling of extinct taxa. The study in chapter 5 presents a 

unique case where associations between cultural traits and accelerated group 

extinction can be determined with a satisfactory level of inferential power, based 

on the fairly-complete chronological records of sect births and deaths in written 

history. 

Cultural comparative studies are increasingly taking account of the pitfalls 

of Galton’s problem (Mace and Pagel, 1994) and sought to account for the 

phylogenetic association. Comparative cultural databases such as D-place (Kirby 

et al., 2016) allow researchers to conduct phylogenetic comparative studies on 

published phylogenies of major language families in the world. The development 

of comparative cultural databases also calls for new methodologies tailored to 

these datasets – often limited in sample size and inherently uncertain – to answer 

the big questions about cultural diversification and extinction. The inferential 

power of phylogenetic methods is strengthened by empirical data from the 

archaeological and historical. Some methods of controlling phylogenetic 

associations can obscure the uncertainties in phylogenetic reconstructions; for 

instance, by reducing the posterior sample of inferred language phylogenies to a 

single matrix of “average” phylogenetic distance between pairs of cultures in a 

regression model. Other approaches that discount the lineage-specificity of 
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cultural evolutionary processes (e.g. supertree fusing different language families 

near the root) should also be applied with caution, especially with traits that have 

been empirically demonstrated to follow lineage-specific evolutionary trajectories 

(e.g. (Dunn et al., 2011, Passmore and Jordan, 2020)). Future research of cultural 

extinction at the macro-evolutionary level could seek to incorporate insights and 

empirical evidence from other disciplines to inform studies of global cultural 

macro-evolution process. 

Demography has a considerable impact on the capability to evolve cultural 

practices collectively in response to environmental pressure (Powell et al., 2009) 

which determines the viability of cultural groups. In biological evolution, the Allee 

effect (Lande, 1993) describes the existence of a threshold size for the viability 

of biological populations; Genetic drift is stronger in small populations, which 

allows the fixation of deleterious traits. Similarly, rare languages are more likely 

to show evidence of decline than commoner ones. Languages become rare they 

become less attractive for people to learn and use, rare languages will become 

even rarer and so go extinct. There is some evidence for a speaker size threshold 

of language survival (Amano et al., 2014). As statistical anomalies in small 

populations cause cultural drift, small and isolated cultural groups are more likely 

to suffer the stochastic loss of cultural traits (Henrich, 2015). Population size, 

social network structure, and mobility of population determine how many cultural 

traits the population can sustain (i.e. cultural complexity). Although cultural 

complexity was also observed in small hunter-gatherer societies with a high 

degree of specialization (Collard et al., 2013), a larger population is likely to 

contain more skilled toolmakers who could improve the technology and prevent 

its degradation as conformity-biased learning is more likely to preserve the 

complexity in a larger population (Kempe and Mesoudi, 2014).  

In chapter 8, the longitudinal demographic data provided unique insights 

into the maladaptive demographic patterns during the subsistence transition of 

reindeer-herding Evenki. Empirical data on the changing fitness landscape and 

the frequency-dependent costs and benefits in endangered cultures are crucial 

to understanding the motivations behind individual behaviours that collectively 

shape population-level cultural changes. Future studies would benefit from 

empirical and longitudinal data on demography, social networks, and frequencies 

of cultural practices in endangered cultures. Some of the promising avenues of 
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studying cultural extinction at the micro-evolutionary level include: collecting 

longitudinal data on demography, social networks, and frequencies of cultural 

practices in endangered cultures; investigating intergroup networks between the 

endangered culture and its neighbouring groups; examining the long-term 

consequence of heightened extrinsic mortality in endangered cultures, how it 

potentially influences the life history strategies of group members and contributes 

to the disintegration of kinship and social networks. The collection of empirical 

data on the fitness landscape of cultural behaviours can also help inform 

theoretical modelling studies with more realistic model set-ups and parameter 

estimates.  

 

9.3 Concluding remarks 

Today, about 6,000 languages are spoken around the world (Wurm, 2001), 

this is much lower than the estimated 12,000 to 20,000 languages spoken 

worldwide before the spread of agriculture (Pagel, 2009). Among the extant 

languages, 3,000 or more are classified as endangered (Wurm, 2001). Linguists 

predict that, at the current rate of language extinction, 90% of languages will 

become extinct or moribund by the end of this century (Krauss, 1992, Nettle, 1999, 

Nettle and Romaine, 2000). The unprecedented scale of cultural extinctions, 

greatly exceeding the rate of creation of new cultures, is widely appreciated in 

evolutionary human sciences; yet few studies examined the phenomena with 

empirical data. Much remained unknown about cultural diversification and 

extinction, but I hope this thesis sheds light on some fruitful avenues of studying 

these fundamental processes of cultural macro-evolution, and demonstrates the 

importance of empirical data and interdisciplinary insights in answering some of 

the big questions about the deep evolutionary history of cultural diversity.  
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Appendices  

Appendix A. Sino-Tibetan Phylogenetic Reconstruction 

 

Figure A1. Maximum Clade Credibility phylogeny showing 95% HPD node heights, 
reconstructed using relaxed-clock + covarion model and fixed Sinitic Outgroup. 
Posterior probability of internal nodes is shown in numner and branch colours (Red: 

lowest posterior probability; Black: highest posterior probability). Time scale in units of 

thousand-year.  
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Figure A2. Kernel density estimation of Sino-Tibetan phylogeny time depth (in 
thousand-year) inferred using relaxed-clock and covarion model, with and without 
outgroup constraint. Mean estimates of inferences without outgroup constraint is 7878 

(95% HPD = 4079 ~ 11112). Mean estimates of inferences with fixed Sinitic outgroup is 

7983 (95% HPD = 4778 ~ 11285). 
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Figure A3. Root age inferred with alternative cognate evolution models. Time scale 

in units of thousand-year. Model of cognate gain and loss (m1p) augmented by gamma 

rate heterogeneity with four rate categories (g4) or binary covarion (covarion). Models of 

tree rate variation are strict clock (strict), relaxed clock with rates sampled from lognormal 

distribution (relaxed). The mean root age estimated with a relaxed clock and covarion 

model is 7983 BP (95% HPD = 4778 ~ 11285). The mean root age estimated with a strict 

clock and covarion model is 9758 BP (95% HPD= 6648 ~13465).   
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Appendix B. Phylogenetic Analysis of Afterlife Beliefs 

 

Table B1. Calculation of Prior Odds for Testing the Significance of 
Transition Rates 

 
  

No. of 
Zeros (Z) 

Binomial 
for Z 8-Z Bell number 

for (8-Z) 

Binomial for Z * 
Bell number for 

(8-Z) 

Bell 
Number 

of 8 

1 8 7 877 7016 

4140 
 

2 28 6 203 5684 
3 56 5 52 2912 
4 70 4 15 1050 
5 56 3 5 280 

6 28 2 2 56 

7 8 1 1 8 
8 1 0   
   TOTAL 17006 21146 
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Table B2. Statistical Significance of Transitions in Co-evolution of 
Apocalyptic Belief and Revolutionary violence. Highlighted transition rates are 

not significantly above 0. (Bayes Factor (BF) < 1: evidence against the model; BF 

= 1~3: positive support; BF= 3 ~ 10: substantial; BF = 10~30: strong; BF=30 ~100: 

very strong; BF > 100: decisive)  

 

 

  

Apocalyptic Belief & 
Revolutionary Violence 

Harmonic Mean of Log Likelihood = -81.29 

Models N prior posterior Bayes Factor 

Full Model 84 0.243443491 0.017087063 0.0702 

q13=0 4916 0.496532201 58.52380952 117.8651 

q12=0 27 0.496532201 0.005429318 0.0109 

q21=0 0 0.496532201 0 0 

q24=0 0 0.496532201 0 0 

q31=0 0 0.496532201 0 0 

q34=0 1 0.496532201 0.00020004 0.0004 

q42=0 0 0.496532201 0 0 

q43=0 0 0.496532201 0 0 
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Table B3. Statistical Significance of Transitions in Co-evolution of 
Apocalyptic Belief and Religious Violence. Highlighted transition rates are not 

significantly above 0. (Bayes Factor (BF) < 1: evidence against the model; BF = 

1~3: positive support; BF= 3 ~ 10: substantial; BF = 10~30: strong; BF=30 ~100: 

very strong; BF > 100: decisive)  

 

 

 

 

 

 

 

 

  

Apocalyptic Belief & 
Religious Violence 

Harmonic Mean of Log Likelihood = -88.11 

Models N prior posterior Bayes Factor 

Full Model 112 0.243443491 0.022913257 0.094121461 

q13=0 4888 0.496532201 43.64285714 87.8953209 

q12=0 24 0.496532201 0.004823151 0.009713672 

q21=0 24 0.496532201 0.004823151 0.009713672 

q24=0 0 0.496532201 0 0 

q31=0 45 0.496532201 0.009081736 0.018290326 

q34=0 0 0.496532201 0 0 

q42=0 0 0.496532201 0 0 

q43=0 0 0.496532201 0 0 
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Table B4. Statistical Significance of Transitions in Co-evolution of 
Reincarnation Belief and Religious Violence. Highlighted transition rates are 

not significantly above 0. (Bayes Factor (BF) < 1: evidence against the model; BF 

= 1~3: positive support; BF= 3 ~ 10: substantial; BF = 10~30: strong; BF=30 ~100: 

very strong; BF > 100: decisive) 

 
 
 
  

Reincarnation Belief 
& Religious Violence 

Harmonic Mean of Log Likelihood = -71.41 

Models N prior posterior Bayes Factor 

Full Model 65 0.243443491 0.013171226 0.0541 

q13=0 4748 0.496532201 18.84126984 37.9457 

q12=0 0 0.496532201 0 0 

q21=0 0 0.496532201 0 0 

q24=0 51 0.496532201 0.010305112 0.0208 

q31=0 4292 0.496532201 6.062146893 12.2090 

q34=0 3102 0.496532201 1.634351949 3.2915 

q42=0 62 0.496532201 0.012555691 0.0253 

q43=0 0 0.496532201 0 0 

q13=q31=q34=0 3706 0.206612743 2.863987635 13.8616 
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Table B5. Statistical Significance of Transitions in Co-evolution of 
Reincarnation Belief and Revolutionary Violence. Highlighted transition rates 

are not significantly above 0. (Bayes Factor (BF) < 1: evidence against the model; 

BF = 1~3: positive support; BF= 3 ~ 10: substantial; BF = 10~30: strong; BF=30 

~100: very strong; BF > 100: decisive) 

 
 
  

Reincarnation Belief & 
Revolutionary Violence 

Harmonic Mean of Log Likelihood = -68.67 

Models N prior posterior Bayes Factor 

Full Model 242 0.243443491 0.050861707 0.2089 

q13=0 3351 0.496532201 2.032140691 4.0927 

q12=0 0 0.496532201 0 0 

q21=0 0 0.496532201 0 0 

q24=0 0 0.496532201 0 0 

q31=0 4044 0.496532201 4.230125523 8.5193 

q34=0 2982 0.496532201 1.477700694 2.9760 

q42=0 167 0.496532201 0.034554107 0.0696 

q43=0 433 0.496532201 0.094810598 0.1909 

q13=q31=q34=0 2742 0.206612743 1.214348981 5.8774 
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Appendix C. Evenk Survival Analyses 

 

Table C1. Candidate Competing risks models of Natural/Unnatural Deaths, 
ranked by ascending AIC scores. Base model: Natural/Unnatural death ~ 

(predicted by) Gender + Birth Cohort 

Candidate Models AIC 

Base + Subsistence + Intermarriage status + Parental status 886.13 

Base + Intermarrigae status + Subsistence 886.90 

Base + Intermarriage status + Parental status 955.84 

Base + Subsistence 956.25 

Base + Subsistence + Parental status 1515.15 

Base + Parental Status 1530.61 

Base + Intermarriage status 2119.33 
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Table C2. Candidate models of time-varying subsistence, ranked by 
ascending AIC scores. Base model: Subsistence ~ (predicted by) Gender + Birth 

Cohort + Sample Wave 

Candidate Models AIC 

Base + Ego Exogamy + Close Relatives being Hunter-herders + 

Suicides of Close Relatives + Kin Network Size  
30.12 

Base + Kin Network Size + Suicides of Close Relatives + Ego 

Exogamy  
32.28 

Base + Ego Exogamy + Intermarriage of Close Relatives + 

Suicides of Close Relatives + Kin Network Size  
33.77 

Base + Ego Exogamy + Close Relatives being Hunter-herders + 

Suicides of Close Relatives + Kin Network Size 
34.25 

Base + Kin Network Size*Suicides of Close Relatives + Ego 

Exogamy  
34.28 

Base + Kin Network Size + Ego Exogamy  34.29 

Base + Close Relatives being Hunter-herders + Kin Network Size 

+ Ego Exogamy  
34.61 

Base + Intermarriage of Close Relatives*Kin Network Size + Ego 

Exogamy  
37.28 

Base + Ego Exogamy  392.57 

Base 1456.78 
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Table C3. Candidate models of time-varying individual intermarriage status, 
ranked by ascending AIC scores. Base model: Intermarriage status ~ 

(predicted by) Gender + Birth Cohort + Sample Wave 

Candidate Models AIC 

Base + Kin Network Size + Ego Subsistence 64.75 

Base + Ego Subsistence + Close Relatives being Hunter-

herders + Suicides of Close Relatives + Kin Network Size 
66.03 

Base + Close Relatives being Hunter-herders + Kin Network 

Size + Ego Subsistence 
66.26 

Base + Kin Network Size + Suicides of Close Relatives + Ego 

Subsistence 
66.53 

Base + Intermarriage of Close Relatives * Kin Network Size + 

Ego Subsistence 
66.77 

Base + Ego Subsistence + Intermarriage of Close Relatives  + 

Suicides of Close Relatives + Kin Network Size 
66.79 

Base + Kin Network Size * Suicides of Close Relatives + Ego 

Subsistence 
67.79 

Base + Ego Subsistence + Close Relatives being Hunter-

herders + Suicides of Close Relatives + Kin Network Size 
67.98 

Base + Ego Subsistence 438.8 

Base 442.68 
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Figure C1. Collinearity among independent variables of time-varying multi-
state Cox regression models predicting time-varying subsistence and 
intermarriage status. Number of exogamous marriage in kinship network and 

number of unnatural death (UD) in kinship network co-vary with kinship network 

size and modelled as interacting terms. Survey wave (‘time’) is coded as a non-

directional categorical variable. 

 


