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Abstract 

 

The costs and prevalence of religion present an explanatory challenge for evolutionary 

theorists. Costs include the opportunity costs of time spent praying, the reproductive costs of 

abstinent clergy, and the resource costs of sacrificial offerings. The question this raises is how 

natural selection could have allowed the majority of the global population today to become 

religious adherents. The emerging field of evolutionary religious studies seeks to explain the 

prevalence of religion by understanding its evolutionary origins and potential functions. In 

support of functional explanations, previous cross-cultural research has found that features of 

religion, such as belief in big gods, are associated with larger and more complex societies. 

However, this research is subject to Galton’s Problem and is based on the effects of modern 

world religions under conditions very different to most of our evolutionary history. Rigorous 

cross-cultural research is needed to test functions of religion in traditional cultures. In 

Chapter 1 I provide an overview of evolutionary religious studies and explain how 

phylogenetic comparative methods have the power to identify the co-evolution of religion 

and society in traditional Austronesian cultures. Phylogenetic methods can be used to 

reconstruct cultural history, address Galton’s Problem, and infer the direction of causality 

based on the order that traits tend to arise. Traditional Austronesian cultures had a diverse 

range of supernatural beliefs, practices and social structures, and can be linked to a language 

based genealogy. In Chapter 2 I present the Pulotu database which provides quantitative 

variables on the traditional religious and social systems of Austronesian cultures. I then use 

phylogenetic methods and the Pulotu database to test three prominent evolutionary theories 

of religion. In Chapter 3 I find evidence that belief in punishment by a broad range of 

supernatural agents helped build political complexity, but that big gods arose after political 

complexity in Austronesia. In Chapter 4 I find that human sacrifice functioned to help build 

and maintain social inequality in early human societies. In Chapter 5 I show that political 

systems facilitated the recent spread of Christianity. I finish in Chapter 6 by suggesting five 

directions for the future development of evolutionary religious studies. 
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1. Using Phylogenetic Methods to Test Evolutionary Theories of 
Religion in Austronesian Cultures 

 

From my present point of view, theology is regarded as a natural product of 
the operations of the human mind, under the conditions of its existence, just 
as any other branch of science, of the arts of architecture, or music, or 
painting, as such products. Like them, theology has a history. Like them 
also, it is to be met with in certain simple and rudimentary forms; and these 
can be connected by a multitude of graduations, which exist or have existed, 
among people of various ages and races. 

Huxley (1886. p. 288) 

 

Since at least the ancient Greeks, scholars have sought to provide natural explanations for the 

origins, persistence and prevalence of religion (Lesher, 1983). The Ancient Greek 

philosopher Xenophanes quipped that “if horses ... had hands or could draw with their hands 

and accomplish such works as men, horses would draw the figures of the gods as similar to 

horses” (Lesher, 1983). Anthropologists in the 19th and early 20th centuries attributed a wide 

range of social functions to religion, including facilitating social cohesion within groups 

(Durkheim, 1915), easing existential angst (Tylor, 1871), and increasing productivity within 

societies (Weber, 1905). While these theories sought to provide a natural explanation for 

religion, it is only recently that an explicitly evolutionary approach has been taken (Barrett, 

2000; Guthrie, 1993; Wilson, 2002). 	

 

1.1. Evolutionary Religious Studies 

The emerging field of evolutionary religious studies seeks to explain how evolution could 

have given rise to the capacity for religion as well as how religion could have persisted and 

evolved over human history (David et al., 2007). Religion is commonly understood to include 

a diverse range of phenomena, ranging from small-scale cults such as ancestor worship to 

major world religions such as Christianity, Buddhism and Islam. The range of supernatural 

beliefs and practices that this includes makes it notoriously difficult to define or draw 

generalisations about religion (Sosis & Alcorta, 2003). Here I use the term ‘religion’ broadly 

to describe systems of shared beliefs, practices, and artefacts associated with the supernatural.  

Over time natural selection is expected to lead to the spread of functional traits and 

the reduction of costly traits within populations. What makes religion so challenging to 
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explain from an evolutionary perspective is that its costs are often more apparent than its 

benefits. These costs include the epistemic costs of ascribing agency to inanimate 

phenomena, the resource costs of sacrifices and offerings, and the opportunity costs of time 

spent engaged in worship. Despite its costliness, humans’ capacity for religion has persisted 

into the present day and the vast majority of the world’s population is affiliated with a 

religion (Johnson, 2013).  

There are two broad approaches used to explain how humans’ capacity for religion 

could have evolved: by-product accounts and functional accounts. Historically these 

approaches have been framed as competing accounts, though there is a growing consensus 

that they apply to different periods of time in human history and different questions about the 

evolution of religion (Norenzayan et al., 2014; Sosis, 2009). By-product accounts focus on 

identifying the underlying cognitive mechanisms that have led humans to find supernatural 

beliefs and practices so intuitive (Barrett, 2000; Baumard & Boyer, 2013; Boyer & 

Bergstrom, 2008). Functional accounts focus on identifying how religious systems could 

have served evolutionary functions and been selected for in their own right (Norenzayan et 

al., 2014; Sosis, 2009; Wilson, 2002).  

 

1.1.1. By-product accounts 

In biology the term by-product refers to traits that were not directly selected for but spread 

within populations as side effects of functional traits (Gould & Lewontin, 1979). The human 

navel is an example of a trait that serves no function in its own right, but is prevalent because 

of the functionality of the umbilical cord. Traits that serve no function, or are even costly, can 

arise this way provided that their costs do not exceed the benefits of the functional traits with 

which they are associated (Buss, Haselton, Bleske, & Wakefield, 1998). A variety of by-

product accounts of religion have been proposed, each highlighting different ways in which 

human cognitive systems could have given rise to different aspects of religion (Barrett, 2000; 

Baumard & Boyer, 2013; Boyer & Bergstrom, 2008).  

1.1.1.1. Theory of mind 

A foundation of belief in supernatural agents is the human capacity to attribute mental states 

such as beliefs, desires and intentions to others (Barrett, 2007). This capacity is known as 

‘theory of mind’ and helps us to understand and navigate the social world we live in (Low & 
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Watts, 2013). While supernatural agents can be attributed super-human qualities, they are still 

reasoned about as if they have human-like mental states. Neuroimaging studies show that 

asking subjects to think about God activates the same brain regions used to reason about 

humans (Kapogiannis et al., 2009). Deficits in theory of mind abilities, such as those 

commonly found in autism, are associated with greater scepticism about supernatural agents 

(Norenzayan, Gervais, & Trzesniewski, 2012). This shows how existing cognitive 

mechanisms could underpin supernatural beliefs, but does not necessarily explain why 

agency is so widely attributed to inanimate phenomena.  

1.1.1.2. Error management theory 

According to Error Management Theory, evolution can select for biased or inaccurate 

cognition provided that on average these biases result in a fitness benefit (Guthrie, 1993; 

Johnson, 2009). One such cognitive bias that could explain humans’ propensity to believe in 

supernatural agents has been called the Hyperactive Agency Detection Device (HADD) 

(Barrett, 2000). According to proponents of the HADD theory, natural selection has shaped 

humans to overestimate agency in the natural world because the costs of false negatives are 

on average higher than the costs of false positives (Barrett, 2000; Boyer & Bergstrom, 2008; 

Guthrie, 1993). For example, on seeing some bushes rustling, the costs of overestimating 

agency could involve the opportunity costs of the time spent inspecting the bushes or the 

energy costs of avoiding the bushes. The costs of underestimating agency could involve the 

resource costs of losing potential prey, or worse still the ultimate fitness cost of becoming 

prey to a predator. According to proponents of the HADD theory, it is this over application of 

agency to the natural world that gives rise to belief in supernatural agents (Barrett, 2000; 

Boyer & Bergstrom, 2008; Guthrie, 1993). Consistent with the HADD theory, experiments 

show that from a young age humans have a tendency to attribute agency to the natural world 

(Kelemen, 2012).  

1.1.1.3. Minimally counter-intuitive concepts 

Belief in supernatural agents is curious not only because it involves attributing mental states 

to inanimate objects, but also because of the particular characteristics attributed to the 

supernatural agents (Atran, Henrich, & Bouchard, 2010; Boyer, 1996). The concepts of 

supernatural agents often include a wide range of intuitive features, combined with a small 

number of extraordinary features. For example Jesus was much like a regular man, but was 

the product of an immaculate conception and had the power to perform miracles. According 
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to the minimally counter-intuitive explanation of supernatural agents, in order for the concept 

of a supernatural agent to be memorable it must be sufficiently counter-intuitive to be 

interesting but not too counter-intuitive to be overly complex or implausible (Barrett, 2000, 

2007; Boyer, 1996). In support of this theory, laboratory based studies show that after a 

week’s delay, minimally counter-intuitive narratives were more accurately remembered than 

were completely intuitive narratives or maximally counter-intuitive narratives (Norenzayan, 

Atran, Scott, Faulkner, & Schaller, 2006).   

 

1.1.2. Limitations of by-product accounts 

By-product accounts provide insights into the cognitive mechanisms underlying various 

aspects of religion and until recently have been the dominant evolutionary explanation of 

religion (Boyer, 2002; Guthrie, 1993; Stephen K. Sanderson, 2008). While by-product 

accounts may explain the origin of the human capacity for religion, they do not adequately 

explain the full set of features of religion nor its persistence (Norenzayan et al., 2014; Sosis, 

2009; Wilson, 2002).  

One question that current by-product accounts fail to explain is the conviction with 

which humans hold supernatural beliefs (Atran et al., 2010; Sanderson, 2008). By-product 

accounts, such as HADD, provide an explanation for why snap judgements often involve the 

over-attribution of agency to the natural world, but fail to explain why this over-attribution is 

not promptly corrected. Humans are generally able to correct our biased or mistaken 

judgements when presented with counter-evidence, so inspecting a rustling bush should lead 

to the identification of a natural cause of movement, such as the wind or a bird. This should 

lead to correcting the misattribution of agency, or simply uncertainty as to the source of the 

movement. Instead, supernatural beliefs can often be held with deep conviction and are 

remarkably resistant to change.  

A second question that by-product accounts do not answer is why people believe in 

some supernatural agents but not others, and why the same representations are believed in 

some contexts but not others (Atran et al., 2010; Henrich & Gervais, 2010; Sosis, 2009). 

While Mickey Mouse, Zeus, Jesus and Santa Claus could all be seen as minimally counter-

intuitive supernatural agents, not all are taken seriously, and which beliefs are taken seriously 

varies across individuals and cultures.  
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 A third question that by-product accounts face is why evolution has not selected 

against the capacity for supernatural beliefs and practices (Powell & Clarke, 2012). Given the 

costs of religion there would have been a strong selective pressure to minimise the investment 

of time and resources people invest in religion. Supernatural belief and practice has a long 

history in the human lineage, providing plenty of time for evolution to have shaped religious 

dispositions (McBrearty & Brooks, 2000). This being the case, evolution could have selected 

for cognitive processes that did not also result in religiosity. For example, evolution could 

have selected for an HADD system that did not result in persistent supernatural beliefs, or 

some way of over-riding them when they did arise (Powell & Clarke, 2012).  The fact that the 

vast majority of people in the world are religious adherents suggests that there is more to the 

evolutionary story of religion than just costs. 	

 

1.1.3. Functional accounts of religion 

In recent years a growing number of theories have sought to explain the prevalence and 

persistence of religion on the basis of its functionality (Norenzayan et al., 2014; Sosis & 

Alcorta, 2003; Wilson, 2002).  According to functional explanations of religion, supernatural 

beliefs and practices can increase the fitness of individuals or groups, and hence may have 

been directly selected for (Bulbulia et al., 2013; Johnson & Krüger, 2004; Norenzayan & 

Shariff, 2008; Sosis, 2006). These theories acknowledge that while individual features of 

religion may have originated as by-products, over time supernatural beliefs and practices 

were co-opted to become functional religious systems. Functional accounts differ in a number 

of respects, such as whether they see religion as primarily beneficial for the individual or 

group (Johnson, 2005; Schloss & Murray, 2011; Wilson, 2002), which features of religion 

they consider to be functional (Shariff, Norenzayan, & Henrich, 2011; Sosis, 2006; 

Whitehouse & Lanman, 2014), and how they view the functionality of religion at different 

points in human history (Schloss & Murray, 2011). What these theories have in common is 

that they typically identify how features of religion might play a functional role in human 

social life. 

1.1.3.1. The challenge of explaining human sociality 

Around 12,000 years ago, humans began the transition from living in small groups of hunter-

gatherers towards urbanisation, agriculture and ultimately the kinds of massive, complex and 

cooperative societies we live in today (Norenzayan et al., 2014). Kin-selection and 
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reciprocity can be effective mechanisms for sustaining cooperation in small groups where 

kinship ties are close and the behaviour of others is easily monitored (Hamilton, 1964; Riolo, 

Cohen, & Axelrod, 2001). However, large social groups of unrelated individuals are 

vulnerable to exploitation by free-riders (Groves & Ledyard, 1977). Free-riders are those who 

forgo the costs of cooperation but reap the benefits. In the absence of mechanisms to prevent 

free-riding, free-riders are expected to outcompete co-operators within populations (de 

Quervain et al., 2004). The question this raises is how humans were able to build and sustain 

the kinds of large, complex, and cooperative societies we live in today. 	

1.1.3.2. Signalling theory 

Biologists use signalling theory to explain a wide range of apparently costly traits and 

behaviours in the animal kingdom (Dawkins & Krebs, 1978; Grafen, 1990). These include 

the peacock’s tail, the stotting behaviour of springbok in front of predators, and the colossal 

antlers of the now extinct Irish elk (Feldhamer, 2007). These traits advertise the fitness of 

individuals, showing their suitability as mates or their unsuitability as prey. Signals that are 

costly to provide tend to be reliable indicators of fitness, since less fit individuals are often 

unable to afford to provide the signals (Grafen, 1990). For example, an unhealthy peacock 

may lack the metabolic resources to grow and maintain large tail feathers, an injured 

springbok may be unable to bounce high in the air, and a malnourished Irish elk may have 

been unable to grow massive antlers. Costly signalling can evolve when the signal reliably 

indicates the trait being advertised and provides a net fitness benefit to both the signaller and 

the receiver (Sosis, 2000a).  

Costly signalling theory has been proposed as an explanation for a wide range of 

religious rituals, including circumcision rites, fire walking and fasting (Bulbulia, 2004; 

Cronk, 1994; Irons, 2001; Sosis, 2006). Costly rituals may provide an honest signal of 

commitment to a religious group, as those who are not genuinely committed to the group are 

unlikely to be willing to pay the costs (Bulbulia & Sosis, 2011). When combined with a 

religious system that facilitates cooperation, these costly religious signals provide a means of 

excluding potential free-riders and sustaining cooperation in large groups of unrelated 

individuals. One line of evidence for the costly signalling theory of religion is a series of  

studies on the survival of 19th century collectivist communes (Sosis & Bressler, 2003; Sosis, 

2000b). By comparing the survival of religious and secular communes in the United States, 

Sosis found that in any given year religious communes were four times more likely to survive 
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than their secular counterparts (Sosis, 2000b). The number of costly requirements placed on 

community members was found to predict the length of time that religious communes, but 

not secular communes, survived for (Sosis & Bressler, 2003). Support for the link between 

ritual participation and commitment to a religious group is provided by studies in Brazil and 

Israel that found ritual participation to predict pro-social behaviour towards co-religionists 

(Soler, 2012; Sosis & Ruffle, 2004). Costly signalling theory provides an explanation of how 

religious rituals can be used to exclude potential free-riders and allow pro-social religious 

systems to survive and flourish.  	

1.1.3.3. Supernatural punishment 

Another important component of pro-social religious systems is their punitive and moralistic 

supernatural agents. All major world religions today, including Buddhism, Hinduism, 

Christianity and Islam, prescribe treating others fairly, with those who fail to do so being 

threatened with supernatural punishment (Baumard & Boyer, 2013; Norenzayan et al., 2014). 

Whether or not antisocial behaviour is punished in reality, a perception that it is punished can 

have behavioural consequences (Johnson, 2011). Economic games and simulation-based 

studies show that punishment can be used to sustain a range of cultural group norms, 

including cooperation (Boyd & Richerson, 1992). According to theories of supernatural 

punishment, beliefs in supernatural monitoring and punishment can be functional because 

they make people more cooperative (D. D. Johnson & Krüger, 2004; A Norenzayan, 2013). 

Studies have consistently shown that priming participants with religious concepts has the 

potential to increase cooperative behaviour within groups (Shariff, Willard, Anderson, & 

Norenzayan, 2016, though also see van Elk et al., 2015), which supports the claim that belief 

in watchful supernatural agents can have real life consequences. Theories of supernatural 

punishment all propose that belief in supernatural punishment increases cooperation and has 

played a functional role in the evolution of complex societies. However, the various theories 

of supernatural punishment differ in the emphasis they place on particular kinds of 

supernatural agents, the points in human history at which they consider supernatural 

punishment to have been functional, and whether they consider belief in supernatural 

punishment to have been selected for primarily at the individual or group level (Johnson, 

2005; Norenzayan & Shariff, 2008; Schloss & Murray, 2011).  

Comparative cross-cultural research is needed to identify how common belief in 

supernatural punishment is across cultures, the forms it takes, and the effects it has at the 
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societal level. Existing research has shown that belief in moralising high gods is associated 

with greater subsistence productivity and technological complexity (Peoples & Marlowe, 

2012), water scarcity (Snarey, 1996), and political complexity (Johnson, 2005; Roes & 

Raymond, 2003). This research has been taken to support the role of supernatural punishment 

in the evolution of social complexity, but these studies are subject to substantial 

methodological problems. In the next section I explain Galton’s Problem, and why it 

necessitates caution in the interpretation of existing cross-cultural studies. 	

 

1.2. Galton’s Problem and Limitations in Cross-cultural Research 

Comparative cross-cultural studies have the potential to reveal broad evolutionary patterns in 

human cultures, but the challenges associated with these methods have been recognised since 

their origin (Naroll, 1965). At the Royal Anthropology Institute in 1889 Sir Edward Tylor 

presented his then novel cross-cultural survey method, and suggested that “adhesions” 

(correlations) between patrilineal descent and social complexity provided evidence that 

patrilineal systems played a functional role in the evolution of social complexity. Sir Francis 

Galton was quick to point out that these “adhesions” that Tylor had found could also be due 

to historical relationships between the cultures in the sample involving horizontal 

transmission (cultural borrowing between neighbouring cultures) or the vertical inheritance of 

traits (inheritance from ancestral cultures) (Naroll, 1961). The challenge of distinguishing 

functional relationships between traits from associations that arise due to historical 

relationships between cultures remains a major issue in the social sciences today and has 

come to be known as Galton’s Problem (Mace, Jordan, & Holden, 2003; Naroll, 1961). 	

Cross-cultural research in support of supernatural punishment theories has largely 

been based on the “high gods” variable in Ethnographic Atlas (EA) or a subset of these 

cultures known as the Standard Cross-Cultural Sample (SCCS) (Botero et al., 2014; Brown & 

Eff, 2010; Johnson, 2005; Murdock & White, 1969; Murdock, 1967; Peoples & Marlowe, 

2012; Roes & Raymond, 2003; Sanderson & Roberts, 2008; Snarey, 1996; Swanson, 1961; 

Watts, Bulbulia, Gray, & Atkinson, 2016). This variable refers to powerful creator gods, and 

contains a number of different sub-categories ranging from gods that are largely uninterested 

in humanity to gods that are specifically interested in humanity, morally concerned, and 

punitive (Swanson, 1961). While this variable fails to capture other forms of supernatural 

punishment, such as punishment by karmic forces or by less powerful supernatural agents 
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such as ancestral spirits, it is one of only a handful of variables on religious beliefs in the 

SCCS and one of only two variables on supernatural beliefs in the EA (Murdock & White, 

1969; Murdock, 1967). As such it has formed the basis of a substantial body of cross-cultural 

research in the field of evolutionary religious studies (Botero et al., 2014; Brown & Eff, 

2010; Johnson, 2005; Peoples & Marlowe, 2012; Roes & Raymond, 2003; Sanderson & 

Roberts, 2008; Snarey, 1996; Stark, 2001). While the SCCS was designed to minimize 

Galton’s Problem by sampling only distantly related cultures (Murdock & White, 1969), both 

the EA and SCCS are known to be subject to problems of non-independence (Dow & Eff, 

2008). The extent to which this is a problem can be seen by examining the “moralising high 

god” category of the high gods variable in the SCCS. 	

Of the 186 cultures in the SCCS, 40 are recorded as having moralising high gods, 32 

of which are found in cultures that are coded as being Christian or Islamic (Atkinson, 

Latham, & Watts, 2014; Watts, Bulbulia, et al., 2016). Of the remaining eight cultures with 

moralising high gods, all practice religions that either belong to the Abrahamic family of 

religions, or could have been influenced by the Abrahamic religions (Atkinson et al., 2014; 

Watts, Bulbulia, et al., 2016). The Abrahamic religions arose around 3,000 years ago, are 

closely related to one another, and have come to be the dominant family of religions in the 

world today. What this means is that rather than being independent innovations, the 

moralising high gods in the cultures of the SCCS are likely to have spread through just one 

closely related family of religions.  

Most existing cross-cultural research on supernatural punishment has used standard 

regression-based methods that assume that the cultures sampled are independent units 

(Johnson, 2005; Peoples & Marlowe, 2012; Roes & Raymond, 2003; Sanderson & Roberts, 

2008; Snarey, 1996; Stark, 2001). The non-independence of culture in the SCCS violates the 

assumptions of these methods and may have resulted in the over-estimation of effect sizes 

and spuriously significant correlations (Dow & Eff, 2008). There are two papers that model 

the dependencies between cultures (Botero et al., 2014; Brown & Eff, 2010), both use broad 

language family classifications to account for vertical inheritance, and geographic proximity 

to neighbouring cultures to account for horizontal transmission. Using broad classifications of 

language families is a step forward, but only provides a crude measure of common ancestry 

as it does not take into account the relationships that exist between cultures of the same 

language family and so could underestimate the effects of vertical transmission. Brown and 

Eff (2010) applied a two-stage least-squared spatial autoregressive model to the SCCS and 
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found that the single largest factor in determining the location of moralising high gods was 

geographic proximity. They also found a significant effect of animal husbandry, as well as 

significant but rather modest (R2 < 0.04) effects of, among other things, political complexity, 

community size, and caste stratification. Botero et al. (Botero et al., 2014) applied generalised 

linear mixed models to the EA and also found that geographic proximity was the single 

largest factor in determining the location of moralising high gods. They also found that 

measures of environmental harshness and stability, as well as political complexity, were 

significant predictors of belief in moralising high gods. These studies show that horizontal 

transmission between cultures is the largest factor in determining the distribution of 

moralising high gods, though even after controlling for this horizontal transmission there 

remains other significant relationships that could be indicative of functionality. 	

Even if there is a genuine correlation between moralising high gods and measures of 

social complexity, it is unclear exactly what the variable on moralising high gods is 

measuring. One possibility is that moralising high gods represent influence by the Abrahamic 

religions. The Abrahamic religions have a range of unique features that might explain their 

success, including a universal rather than ethnocentric doctrine, active encouragement of 

proselytization and fertility, and a sacred religious text (Watts, Bulbulia, et al., 2016). 

Another possibility is that the variable on moralising high gods reflects European influence 

more generally (Atkinson et al., 2014). The processes that led to the spread of the Abrahamic 

traditions, such as colonisation, conquest and trade, also resulted in the transmission of 

political structures, subsistence technologies and other cultural traits. This being the case, the 

concept of a moralising high god could have ‘piggybacked’ on the general influence of 

European cultures in much the same way as European languages have done. 	

 The limitations of this research on Moralising High Go highlight a number of ways 

that cross-cultural research in the field of evolutionary religious studies can be improved. 

First, given the diversity of religious belief and practice, there is a need for quantitative cross-

cultural data on a wider range of religious variables than have been previously available. 

Second, there is a need for quantitative data on the religious systems found in traditional 

societies. With a small number of exceptions, such as Sosis, Kress and Boster (2007) and 

Atkinson and Whitehouse (2011), cross-cultural research has been based on the cultures that 

practice or have been influenced by modern world religions. Evolutionary theories of religion 

seek to understand the role of religion in early human societies, and hence need to draw upon 

data that includes small-scale religious traditions as well as the major world religions 
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(Henrich, Heine, & Norenzayan, 2010). Third, cross-cultural research needs to take Galton’s 

Problem seriously and employ research methods that are capable of modelling the 

dependencies that exist between cultures (Mace & Pagel, 1994). 	

	

1.3. Phylogenetic Comparative Methods	

While Galton’s Problem is framed as a challenge for social scientists (Naroll, 1965), due to 

the common descent of species the underlying problem of dealing with non-independence 

also applies to the comparative method in biology (Mace & Pagel, 1994). Evolutionary 

biologists have developed a range of sophisticated Phylogenetic Comparative Methods 

(PCMs) to account for vertical transmission and test functional evolutionary hypotheses 

(Pagel & Meade, 2006). PCMs are a family of statistical methods that require a phylogeny 

representing the ancestral relationships between taxa (usually species), as well as comparative 

data on those taxa (Jordan, 2013). These methods account for vertical transmission by 

explicitly incorporating the historical relationships between taxa into the model (Mace & 

Holden, 2005; Mace et al., 2003). PCMs include methods that model the evolution of a trait 

across a phylogeny, such as Pagel’s Discrete (Pagel & Meade, 2006), as well as methods that 

adjust the expected co-variance of traits according to how recently taxa shared a common 

ancestor, such as Phylogenetic Generalised Least Squares (Freckleton & Jetz, 2009). PCMs 

can also be used to reconstruct the ancestral states of prehistoric taxa, test for rates of change 

in the evolution of traits, quantify the relative importance or geography and phylogeny in a 

trait’s evolution, and test whether, and in what ways, two traits have co-evolved with one 

another through time (Jordan, 2013). These methods have revolutionised the field of 

evolutionary biology by not only accounting for the non-independence of taxa, but also by 

enabling new questions about the evolution and functions of traits to be tested. 

 PCMs model processes of descent with modification across a phylogeny, and so in 

principle can be applied to anything that undergoes this process. The similarities between 

cultural and genetic evolution have long been noted (Atkinson & Gray, 2005; Gray, 

Greenhill, & Ross, 2007; Mace & Holden, 2005; Mesoudi, Whiten, & Laland, 2006), with 

even Darwin highlighting the “curious parallels” between the evolution of species and 

languages (Darwin, 1871). Like genes, languages are predominantly transmitted from parents 

to offspring, vary due to random mutations and drift, and are shaped by selective pressures 

(Atkinson & Gray, 2005). Recently PCMs have been applied to the study of cultural 
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evolution and have provided insights into the history of kinship systems (Fortunato & Jordan, 

2010), means of subsistence (Holden & Mace, 2003), political complexity (Currie, Greenhill, 

Gray, Hasegawa, & Mace, 2010), and language (Atkinson, Meade, Venditti, Greenhill, & 

Pagel, 2008) across large families of cultures.  

In order to use PCMs to test evolutionary theories of culture, a phylogeny 

representing the ancestral history of the cultures and comparative data that can be 

appropriately mapped onto this phylogeny are needed (Jordan, 2013). Language-based 

phylogenies provide a good proxy for population histories, and in some cases have been 

suggested to provide a better representation of cultural traditions than genetic phylogenies 

(Mace & Pagel, 1994). Cultures assimilate new members through processes such as conquest, 

and while this typically results in genetic admixture, cultural conformity biases and the 

dominance of the conquering culture reduce the extent of cultural admixture (Mace & 

Holden, 2005; Soltis, Boyd, & Richerson, 1995).  The comparative data to which PCMs are 

applied needs to be in a quantitative format that is amenable to statistical analysis, and must 

cover a sufficiently large and diverse sample of cultures to test the hypotheses of interest.  As 

a general rule it is suggested that the number of cultures to include in an analysis should be at 

least an order of magnitude greater than the number of characters in the analysis (Jordan, 

2013). For example, if one were to test for patterns of evolution in a categorical trait with 3 

levels, 30 cultures would be an appropriate minimum number of taxa. The emerging field of 

cultural phylogenetics has the potential to address Galton’s Problem by accounting for non-

independence due to common descent, provides a broad cross-cultural framework for 

understanding the evolution of cultural traits, and opens up powerful new statistical methods 

to test evolutionary hypotheses about culture.  

While phylogenetic methods have the power to account for vertical transmission, 

horizontal transmission is also an important process in both genetic and cultural evolution 

(Mace & Pagel, 1994; Mesoudi et al., 2006). In biological evolution vertical inheritance is the 

predominant means of genetic transmission in mammals, though horizontal transmission is 

found across species and has been suggested to be the dominant form of transmission in some 

single-celled organisms (Treangen & Rocha, 2011). In cultural evolution traits such as 

language are thought to be predominantly vertically inherited, while other traits such as 

technological innovations are often horizontally transmitted (Mace & Holden, 2005).  
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Whether it is productive to use phylogenetic methods to study an evolutionary process 

depends on the questions being asked, the traits of interest, and the history of the taxa. In the 

case of genetic evolution the results of phylogenetic methods are robust under the levels of 

horizontal transmission found in plants (McDade, 1992), but are likely to be problematic in 

the study of bacteria or viruses (Treangen & Rocha, 2011). In the case of cultural evolution 

the results of phylogenetic methods have been demonstrated to be robust under realistic 

levels of horizontal transmission in traditional Austronesian cultures (Currie, Greenhill, & 

Mace, 2010; Greenhill, Currie, & Gray, 2009), but it would make little sense to apply them to 

the evolution of mobile phone technologies across cultures. While horizontal transmission is 

a significant process in cultural evolution, it does not necessarily invalidate the use of 

phylogenetic methods. When applying PCMs to study culture it is important to use data that 

shows evidence of vertical inheritance, to sample cultures that are relatively isolated from one 

another, and to be aware of potential borrowing between cultures when interpreting results. 

 

1.4. Austronesia 

The term ‘Austronesian’ refers to a family of languages that spread through the expansion of 

Austronesian-speaking people from Taiwan (Gray, Drummond, & Greenhill, 2009; Gray & 

Jordan, 2000). Being some of the most skilled ocean voyagers in human history they made 

their way across the Pacific and Indian Oceans, setting as far east as Madagascar, as far south 

as Aotearoa (New Zealand), and as far west as Rapa Nui (Easter Island). This great expansion 

began thousands of years before the Viking sagas, covered over half the world’s longitude 

and a third of its latitude, and dwarfed the Viking expansion in terms of geographic 

magnitude.   

Through this expansion the Austronesian people came to settle a diverse range of 

environments, including remote atolls, large continental islands, and parts of mainland Asia. 

Their cultures ranged in population size from the low hundreds, such as the Anutans 

(Feinberg, 1980), up to the hundreds of thousands or low millions, such as the people of Nias, 

Java, the Hawaiian Islands, and Manggarai (Beatty, 1992; Kirch, 2010; Koentjaraningrat, 

1972; Lebar, 1972). Forms of social organisation included small kin-based communities, 

simple chiefdoms, complex chiefdoms, and hierarchically organised polities (Kirch, 2010). 

Religious beliefs included tree gods, rock spirits, gods of rain, animal totems, fishing gods, 

mythical cultural heroes, trickster gods, ancestral spirits, demigods, and primordial creator 
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beings (Baldick, 2013). Supernatural practices included tattooing, scarification, dancing 

rituals, feasts, and the ritualised sacrifice of foods, animals and humans (Baldick, 2013). This 

diversity interested early comparative religious scholars, who sought to compare the features 

of these pre-modern religious systems with those of western religions (Codrington, 1891; 

Durkheim, 1915; Freud & Strachey, 1950; Tylor, 1871). 

Goodenough (1957) suggested that Austronesia “provides such instances of ‘pure’ 

cultural radiation unaffected by external contacts, it is a logical place to work out the 

problems of cultural reconstruction based on the comparison of related cultures.” Horizontal 

transmission from other world regions was minimal in much of Austronesia until European 

explorers made contact in the 18th, 19th or 20th centuries (Goodenough, 1957). This is evident 

by the fact that Oceanic cultures lacked the kinds of innovations that rapidly spread 

throughout the old world, such as the wheel, metal-working, domesticated herd animals, the 

plough and cereals (Bellwood, 1975). Upon contact with Europeans, traditional cultures were 

well-documented and there is a rich ethnographic literature on the traditional social structures 

and religious systems of Austronesian cultures (Lebar, 1972). It is important to note that in 

regions of South-East Asia there is known to have had been contact with Muslim, Hindu and 

Buddhist traders since at least the 16th century (Cribb, 2000; Lebar, 1972). This contact 

generally occurred at major ports and resulted in either conversion or the borrowing of 

elements of Islam, Hinduism or Buddhism. The regions in which this contact occurred have 

been precisely mapped out, making it straightforward to identify the affected cultures (Cribb, 

2000). Even on islands where early contact with world religions occurred, there have often 

been isolated inland communities that have provided an insight into the traditional culture of 

these regions. The remote insular environments that Austronesian cultures inhabited and their 

history of isolation from other world cultures makes them ideally suited to the application of 

phylogenetic methods.  

Using comparative language data, researchers have recently been able to build 

detailed phylogenies representing the history of the Austronesian language family (Gray et 

al., 2009; Gray & Jordan, 2000). The most recent tree was built using basic vocabulary data, 

which includes words for numbers, kin, and colours. Basic vocabulary terms undergo 

relatively low rates of change and are less likely to be horizontally transmitted than other 

vocabulary items (Currie, Greenhill, Gray, et al., 2010). Simulation studies show that the 

methods of phylogenetic reconstruction used to build this tree are robust to the levels of 

borrowing that is likely to have occurred in the history of Austronesian cultures (Greenhill et 
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al., 2009). The structure of this tree is consistent with that of trees built using genetic data 

(Ko et al., 2014), and the pulses of diversification in the tree match the timing of major 

breakthroughs in sailing technologies found in the archaeological record (Gray et al., 2009). 

PCMs have been used to show that in the prehistory of Austronesia, political 

complexity evolved in steps but could be lost in jumps (Currie, Greenhill, Gray, et al., 2010), 

and have also been used to identify patterns of evolution in marital residence in Austronesia  

(Fortunato & Jordan, 2010). This shows how combining PCMs and comparative data on 

traditional Austronesian cultures can reveal patterns in the emergence, maintenance and 

evolution of early human social and political systems. Functional evolutionary theories of 

religion have focused on explaining the role of religion in the emergence of such social and 

political systems. Using PCMs and comparative data on a diverse sample of traditional 

Austronesian cultures provides an ideal means of testing how religion and social structures 

co-evolved in human prehistory.   

 

1.5. Thesis Outline 

In this thesis I will test prominent evolutionary theories of religion by applying PCMs to the 

Austronesian family of cultures. In Chapter 2 I present a quantitative cross-cultural database 

of Austronesian cultures called Pulotu. This database contains a range of variables 

documenting the social structures and religious systems of traditional Austronesian cultures, 

the post-contact history of these cultures, and their contemporary state. In order to facilitate 

the use of PCMs, this database explicitly links cultures to languages on an established 

linguistic phylogeny (Gray et al., 2009). This database is publically available at 

www.pulotu.com and the chapter describing its construction has been published in PLoS One 

(Watts, Sheehan, et al., 2015).	

In Chapter 3 I use the PCM named ‘Pagel’s Discrete’ (Pagel, 1994) to test two 

different theories about the role of supernatural punishment in the evolution of political 

complexity (Johnson, 2005; Norenzayan, 2013). The first theory focuses on supernatural 

punishment by a broad range of supernatural agents, and the second theory focuses 

specifically on supernatural punishment by moralising high gods. This method models the 

evolution of two traits across the tree, and can be used to establish the direction of causality 

by inferring the order in which the traits have tended to arise and whether they facilitate or 

inhibit one another  (Pagel & Meade, 2006). The method also addresses Galton’s Problem by 

http://www.pulotu.com/
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using a phylogeny to account for vertical transmission, and I combine this with data on the 

traditional, rather than contemporary, states of Austronesian cultures in order to minimise the 

influence of more recent horizontal transmission. This chapter has been published in 

Proceedings of the Royal Society of London, Biology (Watts, Greenhill, et al., 2015). 

In Chapter 4 I use Pagel’s Discrete again, but this time to test the Social Control 

Hypothesis of ritualised human sacrifice (Carrasco, 1999; Turner & Turner, 1999; 

Winkelman, 2014). In this chapter I test whether ritual human sacrifice co-evolved with 

different forms of social stratification. This chapter has been published in Nature (Watts, 

Sheehan, Atkinson, Bulbulia, & Gray, 2016).  

In Chapter 5 I test theories about the role of social stratification and political 

complexity in the spread of Christianity. This project focuses on the post-contact history of 

Austronesian cultures and uses a Phylogenetic Generalised Least Squares Spatial method to 

test how social stratification, political complexity and population size affected the length of 

conversion time in Austronesian cultures. This is a regression-based method that estimates 

the relative effects of the predictor variables, spatial proximity and common ancestry on the 

dependent variable (Freckleton & Jetz, 2009). The method addresses Galton’s Problem by 

using geographic proximity as a measure of horizontal diffusion, and phylogenetic distance to 

account for vertical transmission. 

I conclude this thesis in Chapter 6 by discussing five ways that the field of 

evolutionary religious studies could be developed in the future.	



	

Chapter based on: Watts, J., Sheehan, O., Greenhill, S.J., Gomes-Ng, S., Atkinson, Q.D., Bulbulia, J., & 
Gray, R.D. (2015). Pulotu: Database of Austronesian Supernatural Beliefs and Practices. PLoS ONE, 
10(9). 
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2. Pulotu, the Database of Austronesian  
Supernatural Beliefs and Practices 

 
 

What manner of men were they who, by surpassing the achievements of 
the Phoenicians in the Mediterranean and the Vikings of the north 
Atlantic, are worthy of being called the supreme navigators of history? 

Hiroa (1938, p. 13.) 
 

 

2.1. Introduction 

Scholars have long attempted to explain religion from a naturalistic perspective (Lesher, 1983). 

Evolutionary theory offers a powerful framework with the potential to unite and inspire 

scholars from the social and biological sciences to generate and test hypotheses about the origin 

and functions of religion (Bulbulia et al., 2013; Wilson, 2002). A wide range of evolutionary 

theories of religion have been proposed and debated (Bulbulia, 2004; Norenzayan & Shariff, 

2008; Purzycki et al., 2012; Sosis, 2009; Wiebe, 2008). These debates include whether religions 

are adaptations or by-products (Boyer, 2003; Sosis, 2009), which, if any, features of religions, 

such as “Big Gods”, “Costly Rituals”, and “Religious Elites” provide benefits to individuals 

and groups (Irons, 2001; Johnson, 2011; Schloss & Murray, 2011), and whether functional 

features are recent or arose deep in the hominin lifeway (Renfrew, 1994). However, progress in 

the evolutionary study of religion has been hindered by the absence of rigorous scientific tests. 

Proponents of one position or another have often based their arguments on hand-picked case 

studies selected from qualitative ethnographic records (Wilson, 2002), or problematic 

quantitative datasets with limited variables on supernatural belief and practice (Atkinson, 

Latham, & Watts, 2014). Though qualitative data is a useful for generating hypotheses, testing 

hypotheses requires large datasets and rigorous quantitative methods. 

At present, there are no other functioning quantitative cross-cultural databases that focus 

specifically on supernatural beliefs and practices. For this reason, many important evolutionary 

hypotheses about religion remain largely untested. Two general quantitative cross-cultural 

databases include religious variables—the Ethnographic Atlas (EA), and a database based on a 

subset of these cultures known as the Standard Cross Cultural Sample (SCCS) (Murdock & 

White, 1969; Murdock, 1967). Though the religion variables in these databases have formed the 

basis for a number of studies on the evolution of religion (Johnson, 2005; Peoples & Marlowe, 

2012; Roes & Raymond, 2003), these databases have three major limitations. 
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First, the EA and SCCS contain a limited range of variables about supernatural beliefs 

and practices. The EA contains only two variables on supernatural beliefs: one concerns high 

gods, and the other concerns trance states. This limitation may account for the central focus that 

has been placed on moralising high gods in recent literature (Botero et al., 2014; Johnson, 2005; 

Peoples & Marlowe, 2012; Roes & Raymond, 2003), despite such gods having arisen recently 

and being atypical of religion globally (Atkinson et al., 2014; Watts et al., 2015), and the focus 

of older literatures on a wide array of religious practices, institutions, and norms (Coulanges, 

1877; Durkheim, 1915; Malinowski, 1948). The SCCS includes a greater number of religious 

variables, but it suffers from high rates of missing data, and the variables focus primarily on the 

presence of specific religious practitioners, limiting the range of hypotheses that can be tested. 

Second, the cultures sampled in the EA and SCCS are related through common ancestry 

and processes of cultural diffusion such as trade, missionisation, and colonisation (Dow & Eff, 

2008; Eff, 2004). Cultural diffusion can result in a wide range of cultural traits being 

transmitted. For example, colonisation often resulted in religious, political, and economic 

systems being imposed on cultures (Atkinson et al., 2014). When standard correlational 

methods are applied to data from the EA and SCCS, associations between traits could be due to 

inheritance from a common ancestor, patterns of cultural diffusion, or a causal link between the 

traits–the difficulty of distinguishing between these explanations has come to be known as 

Galton’s Problem in the social sciences (Mace & Pagel, 1994; Walsh, 1947). Recently, 

statistical methods have been developed that can address Galton’s Problem by controlling for 

common ancestry through phylogenetic models (Mace & Holden, 2005) and controlling for 

cultural diffusion through modelling social networks and geographic proximity (Dow, 1984; 

Freckleton, Harvey, & Pagel, 2002; Freckleton & Jetz, 2009). However, the EA and SCCS 

samples were not built to accommodate such methods, and researchers face a number of 

difficulties when applying them to these databases (Atkinson et al., 2014; Dow & Eff, 2008; 

Eff, 2004). For example, the EA and SCCS use global samples for which there are currently no 

credible cultural phylogenies, leading researchers to control for common ancestry based on 

crude language family assignments. However, controlling for language family does not take 

into account the relationship between language families, nor the internal relationships within 

these families, and so does not adequately account for the effects of common ancestry (Dow & 

Eff, 2008; Levinson, Greenhill, Gray, & Dunn, 2011). 

Third, though both the EA and SCCS specify the year to which a culture profile applies, 

neither database systematically distinguishes between the traditional state of a culture and its 

more recent state. For example, in the EA moralising high gods are coded as absent among 
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Samoans and present among the Chamorro (Murdock, 1967), despite the fact that this belief is 

not traditional to either culture, and both converted to Christianity before the specified time 

focus (Gilson, 1970; Hezel, 1982). Supernatural beliefs are more richly and systematically 

profiled in the SCCS, however the time focus of these profiles has been decided primarily on 

the basis of the availability of detailed cultural and ethnographic records (Murdock & White, 

1969). Consequently, some cultures have been coded on the basis of their traditional states, 

while others have been coded according to their more recent states. 

 

2.2. The Pulotu Database 

Early European encounters with the striking diversity of cultures found throughout Austronesia 

inspired the modern academic study of religion as a comparative enterprise (Swain, 1995). 

Despite the substantial documentation of cultural variation across Austronesia, however, there 

has yet to be any systematic database organizing data in a form amenable to rigorous 

quantitative analysis. 

We have created a novel, purpose-built database to test evolutionary hypotheses of 

religious belief and practice using a sample of 116 Austronesian cultures. The database is 

named Pulotu, a reconstructed Proto-Polynesian term for ‘abode of the gods’ (Greenhill & 

Clark, 2011). We sourced cultural data from a range of existing resources, such as ethnographic 

accounts, early explorers’ records, government statistics, cultural encyclopaedias and the 

Human Relations Area Files (Ember, 1997). The database includes variables on the traditional 

states of cultures, the contemporary states of the cultures, and the events that occurred between 

these time foci. Pulotu is freely available at www.pulotu.com. 

The Austronesian sample on which Pulotu is based has three key advantages over other 

major cultural families. First, Austronesian cultures and the physical environments that they 

inhabit are remarkably diverse. The cultures in our sample populate a vast geographic area, 

ranging west to Madagascar, east to Rapa Nui, north to Taiwan and south to New Zealand—a 

region spanning over half the world’s longitude and over a third of its latitude. The geographic 

settings of these cultures range from the tiny 1.1 km2 atoll of Kapingamarangi, to the fertile 

10,458 km2 volcanic archipelago of Hawaii up to the 821,400 km2 continental island of New 

Guinea. The cultures themselves are no less diverse. In their traditional states, some cultures, 

such as the people of Rapa Nui, subsisted primarily on crops (Metraux, 1940), whereas others 

such as the Savunese subsisted primarily on gathering (Fox, 1977), and others such as the 

Moken subsisted primarily on traded goods (Anderson, 1890). In terms of society, culture, and 

history, the Austronesian peoples were no less varied. Social organisation ranged from the 



	

20 
	

small big-man-led villages of the Lak and Choiseulese (Scheffler, 1991) to the large, politically 

complex states of the Southern Toraja and Hawaii (Kirch, 2010). Some Austronesian societies 

such as the Tikopia were peaceful (Firth, 1961), whereas others such as the Waropen were in a 

constant state of war (Held, 1957). A wide spectrum of supernatural beliefs is presented across 

Austronesia, including localised nature spirits, the spirits of recent ancestors (Ivens, 1931), as 

well as creator gods with ultimate power over the universe (Sibeth, 1991; Sinaga, 1981). The 

importance placed on each type of God also varied greatly across Austronesian cultures. Rich 

social, cultural, and ecological variation is vital for reliably testing functional evolutionary 

hypotheses. 

Second, family trees of Austronesian culture constructed using cognate data from the 

Austronesian Basic Vocabulary Database (ABVD) offer good proxies for the histories of these 

cultures (Ko et al., 2014), enabling the application of phylogenetic methods to the study of 

social phenomena (Gray, Drummond, & Greenhill, 2009). Advantages of phylogenetic methods 

include the power to (a) address Galton’s Problem by modelling common ancestry (Mace & 

Holden, 2005), (b) infer the features of prehistoric cultures, such as proto-Austronesian (Currie, 

Greenhill, Gray, Hasegawa, & Mace, 2010), and (c) identify coevolution between traits, 

including the direction of causality, by inferring the temporal ordering of the traits (Watts et al., 

2015). 

Third, many cultures in Austronesia, particularly those in Oceania, had minimal contact 

with other cultures until the arrival of European explorers. The relative geographic isolation of 

such cultures has reduced the effects of cultural diffusion, and has led some to suggest that this 

region represent a natural laboratory for cross-cultural research (Sahlins, 1958). Soon after 

European contact, the traditional states of these cultures were well documented, providing a 

rich resource base for the Pulotu database. 

 

2.2.1. The Pulotu sample 

The diversity of physical environments, social structures and supernatural belief systems 

presented in the Pulotu sample, combined with the ability to apply powerful phylogenetic 

methods, renders Pulotu an ideal database for testing functional hypotheses of religion. Pulotu 

contains 116 Austronesian cultures, and we have applied three principles when selecting these 

cultures. First, to facilitate the use of phylogenetic methods, priority has been given to cultures 

that speak one of the 400 languages found in Gray, Drummond, and Greenhill’s (2009) 

phylogenetic tree. Second, we have ensured a representative sample by selecting cultures that 

are phylogenetically and geographically diverse. Our sample includes cultures from all major 
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cultural groupings within Austronesia and all major geographic regions. Third, cultures have 

been excluded from our sample if there was major influence by a world religion prior to the 

collection of detailed ethnographic records. In Oceania, conversion to European monotheism 

has generally occurred within the last century and a half, and the state of cultures prior to 

conversion was often well-documented. However, there are parts of Indonesia that are known to 

have been in contact with Hindu, Muslim, and Buddhist cultures since at least the 10th century 

(Bellwood, 1995). In the cases of Bali and Java, major influence by Hinduism and Islam 

respectively occurred in historic time, and the earliest ethnographic records allow little to be 

inferred about the traditional religions of these cultures (Lebar, 1972). Excluding these cultures 

minimises the effects of diffusion and more accurately represents the diversity of traditional 

Austronesian supernatural beliefs and practices. Though cultures that were substantially 

influenced by a world religion, such as Bali and Java, have been excluded from our sample, 

cultures that were subject to minor influences have been included. Cultures have been 

categorized as having minor influence if there is evidence of diffusion from a world religion, 

yet the culture has maintained a distinct and unique belief system of their own. The Ngaju, who 

inhabit the remote and rugged regions of Central Kalimantan in Borneo, are an example of a 

culture with minor influence. In the traditional time period, Ngaju worship focused on two 

central deities; Kaloa, who owned the world’s surface and took the form of a one-breasted toad, 

and Hatara, who was god of the sky (Baier, 2007; Scharer, 1946). Though Kaloa appears to be 

of local origin, and Hatara as worshiped by the Ngaju was a unique god, it has been suggested 

that the name Hatara is a borrowing from the supreme Hindu god Batara Guru (Baier, 2007). 

This example illustrates how influence by a world religion may have occurred, though without 

extensive effects. In cases similar to this example, external influence has been documented in 

the section of the database titled ‘Cultural Isolation’. Of the 116 cultures sampled in Pulotu, 93 

(80%) show no signs of influence by a major world religion during the traditional time focus, 

indicating that the majority of cultures in our sample were not substantially influenced by world 

religions at the point early ethnographic records were taken. 

The units of analysis in Pulotu are cultures. A culture has been defined as a group of 

people living in a similar physical, social and economic environment that speak mutually 

intelligible languages and have relatively homogenous supernatural beliefs and practices. An 

example of the kind of minor variation we permitted when categorizing cultural groupings are 

the various myths of man’s creation found in Kédang culture. Such myths follow a similar 

narrative in agreeing that man emerged from some other physical form; yet the myths also 

differ about whether this form was a goat, bamboo or a rock (Barnes, 1974). The cultural 



	

22 
	

groupings described in ethnographies generally meet our definition of a culture. In some 

situations, generalisations about broader cultural groups, such as the cultures of the Vanuatu 

archipelago, are made in the ethnographic literature. While today such cultures form a political 

and cultural unit, before European contact there was major variation in their supernatural beliefs 

and practices, including the kinds of supernatural beings worshiped. For the people of Mota, a 

major focus of worship was the spirits of stones, trees and animals, which were of little or no 

importance to the people of Southern Malekula who instead focused on the worship of deceased 

ancestors (Deacon, 1934; Ivens, 1931). In cases such as this where major variation between 

cultural groups exists, the groups are treated as separate cultural units. 

The cultural groupings referred to within Pulotu can be identified by ethnonyms, their 

geographic coordinates, and the ISO-639-3 and ABVD language identification codes of the 

languages that they speak. In 24 of the 116 cultures sampled more than one dialect or language 

can be linked to a single culture. An extreme example is the people of Choiseul Island in the 

Solomon Islands, who can be linked to twelve distinct but closely related languages (Scheffler, 

1965). When more than one language or dialect listed in the ABVD was spoken by the culture, 

all have been listed in Pulotu. 

 

2.2.2. Sections and variables of Pulotu 

The variables in Pulotu are divided into three major domains: traditional state, post-contact 

history, and contemporary state (highlighted in Figure 2.1). The exact time period that these 

sections cover depends on the history of the culture itself. In the case of the Chamorro, major 

cultural change due to Spanish influence occurred in the 17th century (Carano & Sanchez, 

1966). In cases such as the Central Tagbanwa, substantial religious influence did not occur until 

the 20th century (Fox, 1982). The precise period covered by the time focus is specified in 

Pulotu for each culture, and the variables in each domain apply strictly to that period. It is 

possible for a culture to be coded as lacking belief in a moralising high god in the traditional 

time focus yet also coded as predominantly Christian in the contemporary time focus. The 

traditional time focus covers a time period prior to large-scale contact and influence by cultures 

practicing world religions, such as Christianity, Islam or Hinduism. Coding for a period of time 

rather than a single point in history means that information about intermittent activities, such as 

contact and warfare with other cultures, can be more accurately coded. The contemporary state 

of the culture specifies the state of the culture in the year 2014, the year that the first database 

was finalised. The post-contact history domain details the period of time between the end of the 

traditional time focus and the beginning of the contemporary time focus. Each domain is 
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divided into sections (shown in plain text in Figure 2.1), that are further divided into sub-

sections (shown in italics in Figure 2.1). A codebook describing each of the individual variables 

and their coding criteria is provided in the Appendix to Chapter 2.  

 

Figure 2.1. Pulotu Variable Structure. Organisation of variables in Pulotu, structured into 

time foci (level 1), sections (level 2) and sub-sections (level 3). 
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2.3. Coding Principles 

To ensure uniform data entry within Pulotu, a number of coding principles have been applied to 

the selection of time foci, data uncertainty, and the selection of appropriate sources of cultural 

information. 

 

2.3.1. Selection of time foci 

The three major domains of Pulotu, the traditional state, contemporary state and post contact 

history, have been chosen on the basis of when major influence from cultures practicing world 

religions occurred, as well as by the availability of high-quality ethnographic sources. For the 

traditional state time focus, a range of 25 years, approximately one human generation, has been 

used. This range is desirable because it provides a long enough interval of time to include 

infrequent life events, but is short enough to minimise large scale cultural change. In the cases 

of Nuaulu, Ngaju, and Baduy, a period of time longer than 25 years has been specified because 

the required ethnographic records of the traditional culture were collected over a longer period 

of time. In every case, the range of dates for source materials is precisely described in Pulotu. 

The contemporary state concerns the state of a culture in 2014. Selection of a year is 

appropriate because the contemporary state domain contains no variables on the long-term 

frequencies of cultural events. Additionally, increasing trade, communication, travel, and 

technology means that cultures likely undergo greater rates of social and cultural change, which 

makes a shorter time interval more appropriate. The post-contact history is categorized as the 

time between the end of the traditional time focus and the beginning of the contemporary time 

focus. Precise intervals for each culture covering the post-contact period are also presented in 

Pulotu. 

 

2.3.2. Sources 

Many resources have been used to code cultures. We have given priority to primary 

ethnographic accounts published in peer-reviewed journals and books, as well as official 

government census records. When primary sources have been insufficient to code a variable in 

Pulotu, secondary sources, such as cultural encyclopaedias and historical summaries, have been 

consulted. The mean number of sources used to code a single culture in Pulotu is 20, while the 

minimum is 8, and the maximum is 41. Wherever possible, multiple independent sources have 

been used to code each variable. 
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2.3.3. Uncertainty in ethnographic data 

Austronesian cultures were impressively well-documented by early explorers and 

ethnographers. However there are cases of uncertainty arising from contradictory claims in 

sources, ambiguity in the wording of ethnographies, and variation within cultures. Although 

cultural units, as we have operationalised the term, are by definition largely homogenous, minor 

variations exist in many cultural units. Where variation in a culture in respect to a categorical 

variable is observed, such as the contemporary dominant world religion, the most representative 

state of the cultures has been coded. For example, today the world religions of Islam and 

Christianity are both practiced among the Kédang, though as Christianity is practiced by a clear 

majority, the Kédang were coded as being Christian in the contemporary state (Kheung, 2006). 

When no one state could be reliably identified as most representative of the culture, the data 

have been marked as missing for that variable. If variation was observed in a culture in respect 

to an ordinal variable, such as the number of levels of jurisdictional hierarchy beyond the local 

community, the highest level found within the culture has been coded. For example, in Kiribati 

culture, some communities had no levels of political authority beyond the local community—

these communities were made up of multiple families settled around a maneaba (meeting 

house), where a local council met to make decisions (Grimble, & Maude, 1989; Macdonald, 

1982). However, in the northern islands there was a level of political authority beyond the local 

community in the form of chiefs that exercised authority over multiple maneaba, and so Kiribati 

has been coded as having one level of political authority beyond the local community. Coding 

the highest level of political authority avoided the need to introduce missing data when no 

single state was uniformly representative across the culture. 

 

2.3.4. Coding procedure 

Cultural profiles were completed by a trained coder, after gathering and reviewing available 

resources. A detailed codebook providing specific information about how to code each variable 

is included in the Appendix to Chapter 2 and terms are clarified in the online glossary. Each 

coding decision includes references to the resources used to code it, which can be seen by 

clicking the source link next to a response in the culture profile. These references provide a link 

to additional resources for those interested in a particular variable, and allows others to replicate 

our coding decisions. Every cultural profile in Pulotu has been reviewed and replicated by at 

least one other coder. In cases of disagreement at least one additional coder was included. All 

coders reviewed all relevant literature and discussed each coding decision. If a clear mutual 

agreement was not reached, the data was marked as missing for that variable. Because Pulotu is 
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freely available to both scholars and the general public, researchers with expertise on particular 

cultures will be able to review and verify all our coding decisions and suggest revisions through 

the contacts page. 

 

2.4. Website Features 

Pulotu is open access and allows users to download the database, find background information 

on the project, and use a range of unique features for visualising and locating cultural 

information. By making Pulotu an open access database coding decisions can be cross-checked 

by experts, and previous research results can easily be verified and replicated. 

 

2.4.1. Locating cultures 

Culture profiles can be reached through one of four paths; (1) the search bar at the top right of 

every page, (2) in the list of culture names, which includes alternative spellings and ethonyms 

under the ‘Cultures’ section, (3) by locating a culture on the map in the ‘Cultures’ section 

(Figure 2.2), or (4) by plotting variables on a map and then clicking the culture’s location in the 

‘Compare Cultures’ section. 

 

 
 

Figure 2.2. Geographic distribution of cultures in the Pulotu database. Madagascar is in the 
lower left box and Rapa Nui is in the lower right box. The axes represent the latitude and 
longitude of cultures in decimal degrees. Figure made using vector map data from Natural 
Earth. 
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2.4.2. Culture profiles 

Each culture profile contains a list of the variables, responses to those variables, a bibliography, 

a map of the culture’s physical location, and links to external websites such as corresponding 

language entries in the Austronesian Basic Vocabulary Database and Ethnologue (Greenhill, 

Blust, & Gray, 2008). Variables are organised into domains, sections and sub-sections (see 

Figure 2.1 for the structure). Clicking on a section title expands the contents and displays a list 

of concise variable titles, responses, and a link to the sources used to code the variable. A 

detailed description of the variable title is provided in the glossary. 

 

2.4.3. Comparing cultures 

A notable feature of Pulotu is the ability to visualise the geographic distribution of traits (Figure 

2.3 provides an example). The Compare Culture section contains a map and list of categorical 

variables. Selecting a variable displays circles in the locations of cultures with available data, 

and the colour of these circles represents the state of that culture for the given variable. A key 

provides the possible variable responses and their corresponding colours. Displaying variables 

on a map allows users to quickly and easily identify the geographic clustering of traits, which 

can be used to inform initial hypotheses about their spread and origin. 

Figure 2.3. Geographic distribution of headhunting in Austronesia. Madagascar is in 
the lower left box and Rapa Nui is in the lower right box. The axes represent the latitude 
and longitude of cultures in decimal degrees. Figure made using vector map data from 
Natural Earth. 
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2.4.4. Downloading the database and codebook 

The database can be downloaded as a tab-delimited txt file, which is compatible with a wide 

range of statistical software packages such as R, SPSS, Python, and Excel. Names of cultures 

are found at the beginning of each row, and for each variable there are two columns. The first 

column indicates the state of the culture for that variable, the second provides references to the 

sources used to inform that coding decision. 

 

2.4.5. Future development 

Pulotu will remain publically available for the foreseeable future, and additional variables will 

continue to be added and released. We welcome user contributions, including suggestions for 

new variables, the addition of new cultures, and suggested corrections. The procedure for 

making these suggestions is outlined in the Frequently Asked Questions section of the website. 

 

2.5. Phylogenetic Analysis of Pulotu Data 

As mentioned above, a major advantage of the Pulotu database is that cultures are linked to a 

dated Austronesian language tree, enabling the use of phylogenetic comparative methods. 

These methods can be used to control for Galton’s Problem and investigate a wide range of 

questions that traditional statistical methods cannot (Mace & Holden, 2005). For example, 

phylogenetic methods can be used to infer the likely state of traits prehistoric cultures (Holden 

& Mace, 2003), test whether traits tend to evolve through a sequence of stages (Currie et al., 

2010), and model the most likely pattern of co-evolution between traits (Nunn, 2011; Pagel & 

Meade, 2006). Below we example of how phylogenetic methods can be applied to data from 

Pulotu to provide powerful insights into the evolutionary histories of cultures. 

 

2.5.1. Ancestral reconstruction of headhunting 

Headhunting, the practice of killing people to obtain their heads, was widespread in traditional 

Indonesian cultures (Figure 2.3 and Figure 2.4A). This practice was typically believed to 

provide a supernaturally mediated reward, such as agricultural fertility, status in the afterlife, 

favour of spirits, protection of villages and general supernatural power. Though the practice of 

headhunting has been of great interest to anthropologists (Downs, 1955; Rosaldo, 1980), little is 

known about the prehistory of this practice in Austronesia. Blust (1976) conjectures that 

headhunting occurred at least 4,000 years ago in Proto-Malayo-Polynesian culture, and notes 

that while it may be even older, the linguistic reconstruction *kayaw alone provides insufficient 

evidence of a proto-Austronesian origin. Using the Multistate function in Bayestraits, and the 
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language based trees of Gray et al. (Gray et al., 2009), we reconstructed the practice of 

headhunting in a sample of 88 Austronesian cultures. 

2.5.1.1. Methods 

The coding criteria for the headhunting variable can be found in the codebook of the Appendix 

to Chapter 2. We use Gray, Drummond and Greenhill (Gray et al., 2009) trees of Austronesian 

languages, pruning down the original 400 languages to the 88 spoken by Austronesian cultures 

for which headhunting data is available. Evidence of headhunting was found in 34 of the 

cultures sampled. First we tested for a phylogenetic signal in the distribution of Austronesian 

headhunting using Fritz and Purvis’ D (Fritz & Purvis, 2010) in the R package Caper (Orme et 

al., 2013). Our results indicate that the distribution of headhunting in Austronesian cultures is 

highly phylogenetically patterned (D = -.98), which can be seen in Figure 2.4A. This result 

suggests that the practice of headhunting is highly dependent on cultural ancestry - cultures 

whose recent ancestors practiced headhunting are highly likely to practice headhunting 

themselves. As such, phylogenetic methods are required to model the origins and distribution of 

headhunting in Austronesia.  

We then performed an ancestral state reconstruction using the software package 

Bayestraits (Pagel & Meade, 2006) to model the history of headhunting in Austronesia across a 

sample of the 4199 most likely trees constructed from basic vocabulary items by Gray et al.’s 

(Gray et al., 2009). Using a sample of trees, rather than assuming one true tree, enables us to 

take into account phylogenetic uncertainty in the placement of language subgroups and timing 

of language divergences. To inform the priors for the MCMC analyses, we began by 

performing a Maximum Likelihood analysis for each tree in the sample. Across the sample the 

mean rate of gain (q01) was 0.0035, and the mean rate of loss (q10) was 0.0092. Using an 

MCMC method enables models of evolution to be tests across a sample of trees, and so does 

not assume one true tree. For the MCMC analysis we used a hyper-prior sampling from an 

exponential distribution with the range 0 to 0.02. Each analysis was run for 100,000,000 

iterations, with the first 10,000,000 iteration excluded as a burn-in period. We replicated each 

model 3 times to ensure consistency, and all runs converged on highly similar values (Table 

2.1).  
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Figure 2.4. (A) Ancestral reconstruction of headhunting summarised on a consensus 
tree of Austronesian languages. Proto-Austronesia (PRA), Proto-Malayo-Polynesian 
(PMP), Proto-Oceanic (POc), and Proto-Polynesia (PPN) are labelled. The timescale along 
the horizontal axis indicates the number of years before the present day. (B) Transition rate 
matrix indicating the likelihood of a culture gaining or losing the practice of headhunting.	



	

31 
	

To provide a visual summary of our ancestral state reconstruction we created a 

maximum clade credibility tree using the program TreeAnnotator  (Drummond, Suchard, Xie, 

& Rambaut, 2012). Using the addnodes function in Bayestraits (Pagel & Meade, 2006) we 

reconstructed each of the internal nodes of the consensus tree. The tree figure was then created 

using the R package Ape (Paradis, Claude, & Strimmer, 2004), with final editing in Adobe 

Illustrator and Photoshop. The resulting image is presented as Figure 2.4A. At each node of the 

tree a pie chart represents the inferred state of that culture. Grey represents the proportion of the 

trees in the sample in for which that node is not present.  

2.5.1.2. Results 

 

Our results provide strong support for Blust’s (1976) claim that headhunting was 

practiced in Proto-Malayo-Polynesian culture (PMP,  Figure 2.4A) and suggest an even earlier 

origin of headhunting in the common ancestor of all Austronesian cultures (PAN, Figure 2.4A). 

As well as being able to infer the state of proto-cultures, phylogenetic reconstruction is crucial 

to understanding the present distribution of traits. For example, the people of Nias are 

geographically isolated from other headhunting cultures, a fact that on its own might suggest 

that headhunting had recently arisen independently in the culture. However, taking into account 

the phylogenetic history of the culture indicates that the people of Nias are closely related to 

Table 2.1. Summary of three independent ancestral state reconstructions of headhunting. 

The  q01 column indicates the rate at which cultures are inferred to gain headhunting, and 

q10 indicates the rate at which cultures loose headhunting. Root p(0) indicates the 

probability that the culture at the root of the tree (proto-Austronesia) lacked headhunting, 

while Root p(1) indicates the probability that headhunting was present. Values for each run 

represent the mean from the posterior distribution. 

 

Run q01 q10 Root p(0) Root p(1) 
1 0.0047 0.0095 0.01 0.99 

2 0.0048 0.0095 0.01 0.99 

3 0.0048 0.0094 0.02 0.98 

Mean 0.0048 0.0095 0.01 0.99 
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other headhunting cultures, and our ancestral state reconstruction indicates that the trait may 

have been inherited from a distant ancestor. 

As well as supporting Blust’s (1976) hypothesis, this example illustrates the more 

general power of ancestral state reconstruction to identify patterns of cultural change across 

history. The rates in the transition matrix (Figure 2.4B) indicate that the chance of a culture 

losing headhunting is greater than the chance of a culture gaining headhunting. In the 

phylogenetic reconstruction (Figure 2.4A) numerous losses of headhunting can be seen 

throughout the history of Austronesia, including in Proto-Oceanic culture (POc, Figure 2.4A) 

and a substantial clade of the Philippines made up of the Tagbanwa, Palawan Batak, Bukidnon 

and Subanun. Our results imply that headhunting has also been gained at a number of points in 

the history of Austronesia, such as in the sister cultures of Simbo and Roviana located in the 

Western Province of the Solomon Islands. Though our model infers that Simbo and Roviana 

inherited the practice of headhunting from their common ancestor, this needs to be considered 

in the context of ethnographic literature. Simbo and Roviana engaged in regular trade with one 

another and performed headhunting raids on neighbouring islands such as Santa Isabel 

(Aswani, 2000; Bayliss-Smith, 2006; Burman, 1981; Hocart, 1931). This suggests that another 

plausible history of headhunting in Simbo and Roviana is that headhunting arose independently 

and relatively recently in one of these cultures, and then diffused to the other. Phylogenetic 

models offer a powerful method of identifying large scale cross-cultural patterns which can 

then be contextualised using ethnographic, historical, spatial and archaeological data. Future 

researchers might also use phylogenetic methods to test possible social functions of 

headhunting and identify why it was lost in Oceania. One hypothesis about the loss of 

headhunting is that the practice requires or is facilitated by iron weapons. Using linguistic 

evidence, Blust (Blust, 2013) proposes that Proto-Austronesian culture had knowledge of iron, 

and Proto-Malayo-Polynesian culture had knowledge of blacksmithing, suggesting that iron 

work is of similar antiquity to the practice of headhunting. However, iron technology is absent 

in Polynesian and other Oceanic cultures, indicating that iron tools may have been lost at a 

similar point of time to headhunting. Pulotu users could test the iron-dependency hypothesis 

using a phylogenetic co-evolutionary model. Additionally, regression-based phylogenetic 

methods could be used to test a range of other hypotheses about the social or ecological features 

associated with headhunting. 
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2.6. Conclusion 

Pulotu represents a new approach in cultural database design—it is the first quantitative 

database designed to tie cultures to phylogenies and include sections on the state of cultures at 

multiple time foci. The richly documented and remarkably diverse features of traditional 

Austronesian religions and cultures promise insights into the features of pre-modern cultures. 

Combining such data with phylogenetic methods enables scholars to identify general processes 

of religious and social evolution, and to resolve longstanding debates about the role of religion 

in human prehistory and the effects of religion on cultural development, stability and decline. 

For these reasons, applying phylogenetic methods to cross-cultural religious databases has the 

potential to revolutionise the field of evolutionary religious studies in the same way that 

phylogenetic methods and genetic databases have revolutionised the field of evolutionary 

biology. 



Chapter based on: Watts, J., Greenhill, S., Atkinson, Q., Currie, T., Bulbulia, J., & Gray, R. (2015). 
Broad supernatural punishment but not moralizing high gods precede the evolution of political 
complexity in Austronesia. Proceedings of the Royal Society of London: Biology, 282 (1804). 
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3. Broad supernatural punishment but not moralizing high gods 
precede the evolution of political complexity in Austronesia 

 

The demons are not spirits – immortal, after-worldly, insubstantial and 
invulnerable. They are creatures like man, bound like him to the mortal 
cycle of birth, marriage, child-bearing, and death, and having the same kinds 
of weaknesses ... Certain tribes of demons are in effect policemen. They 
punish those who break the village code... One insurance against demons, 
therefore, is to be good.  

Geddes (1961, p. 15) 
 

3.1. Introduction 

Religion is a hallmark of our species. From the austere healing rituals of the Kalahari Desert 

foragers to the spectacular opulence of European cathedrals, religion has shaped all human 

societies. Though religions, which consist of shared supernatural beliefs and practices, have 

historically worshiped a diverse range of spirits and gods, today the most successful world 

religions worship moralizing high gods (MHGs) (Johnson, 2013): powerful supreme creator 

gods who monitor and enforce moral codes. It is widely claimed that beliefs in supernatural 

punishment increase cooperation and play a functional role in the evolution of complex 

societies (Johnson & Krüger, 2004; Johnson, 2005; Norenzayan, 2013; Norenzayan & 

Shariff, 2008), although there is little consensus over the kinds of supernatural agents that are 

effective. A major focus of the literature has been on powerful animistic gods, specifically 

MHGs, owing to their ability to reliably and automatically punish all transgressions (Johnson, 

2005; Johnson, 2011; Norenzayan, 2013; Roes & Raymond, 2003; Schloss & Murray, 2011; 

Shariff, Norenzayan, & Henrich, 2011; Swanson, 1961) — referred to here as MHG 

hypotheses. An alternative theory allows for a broad range of supernatural punishment found 

throughout ethnic and world religions, including fallible localized ancestral spirits and 

inanimate processes like karma as well as MHGs (Johnson & Krüger, 2004; Johnson, 2005) 

— referred to here as the broad supernatural punishment (BSP) hypothesis.  

Previous cross-cultural studies have found a correlation between MHGs and a range 

of measures of social complexity (Johnson, 2005; Peoples & Marlowe, 2012; Roes & 

Raymond, 2003), supporting both the BSP and MHG hypotheses. However, these studies are 

problematic for two reasons. First, traditional analyses of cross-cultural data do not 

incorporate the necessary information about the cultural evolution of human societies to 
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enable a satisfactory test of these hypotheses. The world’s cultures are related by descent and 

so are not statistically independent. Standard correlational methods do not account for 

common ancestry, resulting in potentially spurious correlations—a problem first noted by Sir 

Francis Galton (Mace & Pagel, 1994). Despite attempting to select only distantly related 

cultures, the samples used in previous comparative studies of MHGs are known to be non-

independent (Dow & Eff, 2008). Second, these studies are unable to distinguish the direction 

of causal relationship. Previous studies have assumed that a link between high gods and 

political complexity arises from the effect of the belief on political structure (Johnson, 2005; 

Peoples & Marlowe, 2012; Roes & Raymond, 2003). Yet the direction of causation could be 

reversed — complex societies might be more likely to gain MHG concepts. Only an approach 

that explicitly incorporates phylogenetic information is able to both address Galton’s problem 

and determine the temporal sequence in which MHGs and political complexity emerged 

(Mace & Pagel, 1994). 

Phylogenetic methods have revolutionized the biological sciences and have recently 

been used to make inferences about cultural evolution ranging from the kinship system of 

Proto-Indo-European and Austronesian cultures (Fortunato & Jordan, 2010), to the evolution 

of political complexity across Austronesia (Currie, Greenhill, Gray, Hasegawa, & Mace, 

2010), and the determinants of language structure (Dunn, Greenhill, Levinson, & Gray, 

2011). Here we use a phylogenetic method to first test whether beliefs in MHGs and BSP 

coevolve with political complexity. Then we test if such beliefs (i) facilitate the evolution of 

political complexity and (ii) stabilize political complexity once it has arisen. 

Austronesia provides a natural laboratory for studies of cultural evolution 

(Goodenough, 1957). There is huge variation in community size, a profusion of religious 

beliefs ranging from localized ancestor worship to a structured pantheon of gods (Lebar, 

1972), and a diversity of political structures ranging from the simple seminomadic band of 

the Palawan Batak to the complex state of Bali (Currie et al., 2010). Indeed, it was a 

fascination with the diversity of Austronesian religions that gave birth to the comparative 

studies of religions (Swain, 1995). However, only recently has the availability of robust 

language phylogenies (Gray, Drummond, & Greenhill, 2009) made it possible to trace the 

evolutionary pathways of cultural traits, enabling us to evaluate causal connections between 

the evolution of supernatural concepts and the evolution of political complexity. 

To test whether beliefs in either BSP or MHGs have coevolved with political 

complexity we fitted independent and dependent models of trait evolution onto language 

phylogenies. Under dependent models the probability of a change in one trait depends on the 
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state of the other trait. For example, the probability of a culture gaining political complexity 

can differ between cultures with a MHG and cultures without one. Under independent models 

the probability of a change in one trait is independent of the state of the other, supernatural 

beliefs and political complexity evolve independently. Functional hypotheses predict that (i) 

the dependent model will fit best, (ii) beliefs in BSP and MHGs will facilitate the evolution 

of political complexity and that (iii) such beliefs will sustain political complexity once it has 

arisen (Johnson, 2011; Shariff et al., 2011; Wilson, 2002). 

 

3.2. Materials and Methods 

 

3.2.1. Ethnographic sources and coding 

Ethnographic information was collected from periodicals, books and encyclopaedias 

(Appendix to Chapter 3, Table 9.1 for a full list). Cultures are the unit of analysis as our 

hypotheses concern the features and evolutionary patterns at this level, not at the level of 

individuals within a culture. In order to minimize the effects of cultural borrowing, cultures 

have been coded based on the earliest available ethnographic records. Cases of known 

borrowing from Abrahamic religions were excluded. All variables used in this study were 

binary coded. Our coding criteria for political complexity and MHGs were based on variables 

in the Ethnographic Atlas and Standard Cross-Cultural Samples (Murdock, 1967). For 

political complexity, cultures were coded as low if they had no more than one level of 

jurisdictional hierarchy beyond the local community (acephalous societies and simple 

chiefdoms), or high if they had two or more levels of jurisdictional hierarchy beyond the local 

community (complex chiefdoms and states). When multiple levels of political complexity 

exist within a culture the highest level present has been coded. The belief in supernatural 

punishment is claimed to have facilitated the transition from smaller scale societies, such as 

simple chiefdoms, to complex chiefdoms and states (Shariff et al., 2011). For a MHG to be 

coded as present in a culture there must be the concept of a god who (i) created or governs 

the cosmos, (ii) is active in human affairs and (iii) is specifically supportive of human 

morality (Murdock, 1967). A culture has been coded as holding belief in BSP if they believe 

in a supernatural agent or process that causes selfish acts to have negative outcomes for the 

actor. This includes punishment by supernatural agents, such as ancestor spirits, as well as 

through inanimate forces such as tapu or karma. Selfish acts are defined as those that are 

beneficial to the actor and costly to the recipient. The costs of an action are defined on the 

basis of concrete effects of the behaviour such as the theft of a resource as opposed to an 
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action something like premarital sex does not necessarily involve a fitness cost to others. As 

we are interested in the effect supernatural punishment has on cooperation within a culture, 

only actions directed towards members of the same culture are counted (prohibitions on the 

raiding of other cultures resources is not counted). The agent or process responsible for 

punishment must (a) have a greater ability to monitor actions than humans, (b) reliably 

punish selfish individuals and/or their kin, and (c) be a widespread belief within the culture. 

The punishment believed to result from selfish behaviour must (a) outweigh the benefit 

gained from the selfish behaviour (e.g. a wart on a toe as punishment for killing your 

neighbour would not count), (b) apply to a broad domain of selfish acts (e.g. not just 

restricted to stealing breadfruit from ones brother-in-law), (c) apply to a wide range of culture 

members (though a limited number of members such as chiefs may be less susceptible), and 

(d) come about through a supernatural process (e.g. a bloated stomach inflicted by a spirit, 

rather than just a beating by the chief). 

 

3.2.2. Phylogenetic trees 

We used a sample of 4000 trees from a Bayesian analysis of Austronesian basic vocabulary 

items (see Gray et al. (2009) for further details). Here we use a sample of 4000 phylogenies 

from the post-burn-in posterior distribution of a Bayesian analysis of 400 Austronesian 

languages (A full description is provided by Gray et al.(2009)). By using a sample of the most 

likely phylogenies, rather than assuming one true phylogeny, we take into account 

phylogenetic uncertainty (Pagel & Meade, 2006). The original 400 cultures used to construct 

the tree were pruned down to 96 on the basis of available ethnographic data and polytomies 

were randomly resolved. The population history inferred from these trees fits very well with 

both what is known from archaeology about the sequence and timing of the Austronesian 

expansion in the Pacific (Gray et al., 2009) as well as current genetic data (Ko et al., 2014).  

 

3.2.3. Testing for phylogenetic signal 

To test for the phylogenetic signal of traits we used the phylo.d function in the R package 

Caper (Orme et al., 2013) we calculated the Fritz & Purvis’ D (Fritz & Purvis, 2010) statistic 

for each trait across each tree in the 4000 tree sample. The mean D value across trees was 

then calculated for each trait. The results indicate that political complexity is highly 

conserved (D = -0.10, SD = 0.13), and that its distribution is not significantly different from 

what would be expected under a Brownian model of trait evolution (p = 0.60), but is 
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significantly different from what would be expected if there were no phylogenetic signal (p = 

0.002). We found that beliefs in BSP showed some phylogenetic patterning (D = 0.76, SD = 

0.08), but that this was significantly different from what would be expected under a Brownian 

model of trait evolution (p = 0.04), and not significantly different what would be expected if 

there was no phylogenetic patterning (p = 0.19). We also found that beliefs in a MHG 

showed no evidence of being phylogenetically conserved (D = 1.33, SD = 0.24), and was not 

sufficiently different from what would be expected under a Brownian model of trait evolution 

(p = 0.06) or if there were no phylogenetic patterning (p = 0.66).  

 

3.2.4. Phylogenetic comparative method 

We use Bayesian phylogenetic reversible-jump Markov chain Monte Carlo (RJMCMC) 

analyses in the program BayesTraits (Pagel & Meade, 2006) to calculate the posterior 

distributions of dependent and independent models of trait evolution. In the dependent 

RJMCMC analysis, the Markov chain is able to sample from both dependent and independent 

models of evolution, sampling parameters in proportion to their posterior probability (Pagel 

& Meade, 2006). In the independent analysis, only independent models of evolution can be 

sampled. We use a stepping stone sampler to calculate the log marginal likelihood of each 

analysis. In order to reduce the uncertainty associated with the choice of priors a hyperprior 

seeding from an exponential distribution was used. The range of the hyperpriors was based 

on the maximum and minimum rates found under initial maximum likelihood (ML) analyses. 

For moralizing high gods and political complexity mean ML rates ranged from 0.009 to 0.589 

and a hyper-prior distribution of 0 to 0.6 was set for the RJMCMC analyses. For supernatural 

punishment and political complexity mean ML rates ranged from 0.093 to 0.691 and a hyper-

prior distribution of 0 to 0.7 was set for the RJMCMC analyses. Each RJMCMC analysis was 

run for 29 iterations, and was repeated three times per analysis to ensure consistency (see 

Appendix to Chapter 3). The first 19 iterations were set as a burn-in period and excluded from 

subsequent analysis. Bayes factors were calculated as twice the difference between the log 

marginal liklihood of the models being compared. Following Kass & Raftery (Kass & 

Raftery, 1995), a Bayes factor of 0–3 is interpreted as indicating no support for one model 

over the other, while a Bayes factor of 3–10 is taken as substantial support and a Bayes factor 

of over 10 is taken as very strong support. For purposes of a visual summary, the ancestral 

character states were reconstructed using a dependent RJMCMC analysis in BayesTraits and 

then presented on a maximum clade credibility tree (Figures 3.1A and 3.2A). 
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3.3. Results 

We found 22 instances of high political complexity throughout historically and 

geographically distant regions of Austronesia. Ancestral state reconstruction indicates that 

high levels of political complexity are likely to have independently evolved numerous times 

throughout the history of Austronesia (Figure 3.1A and Figure 3.2A). This result corroborates 

lexical and archaeological evidence indicating that proto-Austronesian culture distinguished 

rank based on gender, birth order, age and genealogy, but lacked political stratification 

beyond the local community (Kirch, 2001). 

We found evidence of beliefs in BSP in 37 of the cultures sampled, however beliefs in 

MHGs were present in only six cultures. Considerable differences also exist in the 

geographical distribution of supernatural concepts. Notably, beliefs in BSP were found across 

an expansive range of Austronesian cultures (Figure 3.2A), while beliefs in MHGs tended to 

be clustered predominantly in Southeast Asia (Figure 3.1A). These Southeast Asian cultures 

are Bontok, Toba Batak, Manggarai and Tagbanua—the names of their gods are Lumawig, 

Mulajadi na Bolon, Mori Karaeng and Mangindusa, respectively (Erb, 1987; Fox, 1982; 

Jenks, 2005; Sinaga, 1981). The two exceptions to this trend were the MHGs Andriamanitra 

of the Merina and Makemake of Rapa Nui (Metraux, 1940; Sibree, 1870). Both these cultures 

represent geographical outliers, Merina being the westernmost culture sampled, located on an 

island off the east coast of Africa and Rapanui being the easternmost culture sampled, located 

to the west of South America. The geographical grouping of beliefs in MHGs in Southeast 

Asia raises the possibility of common descent. However, ancestral state reconstruction 

indicates that all six instances of MHGs have arisen both independently and relatively 

recently (Figure 3.1A). 

Testing for the coevolution of MHGs and political complexity, we find that the 

models of the RJMCMC-dependent analysis (Appendix to Chapter 3, Table 9.2) are 

substantially more likely (Bayes factor (BF) = 3.60) than those of the independent analysis 

(Appendix to Chapter 3, Table 9.3). Of the six cultures with MHGs, three were politically 

complex, indicating that the evolution of these two traits is not necessarily strictly coupled. 

However, given the relative rarity of both MHGs and complex societies in Austronesia, this 

correlation is sufficient to drive support for dependent models of evolution.  

We then tested whether beliefs in MHGs precede and stabilize political complexity by 

running two additional constrained dependent analyses. In the first analysis, high levels of 

political complexity must be gained before MHGs (rate a in Figure 3.1B was restricted to 0). 



40 
	

The resulting models (Appendix to Chapter 3, Table 9.4) fitted better than both the 

independent models (BF = 4.52) and the unconstrained dependent models (BF = 0.92), 

though the difference was only substantial with the former. This finding is consistent with our 

analysis of the unconstrained dependent model in which seven of the 10 most frequently 

sampled model strings (Appendix to Chapter 3, Table 9.5) did not allow political complexity 

to be gained before MHGs (rate a in Figure 3.1B was estimated as 0). In the second 

constrained analysis (Appendix to Chapter 3, Table 9.6) we forced cultures with and without 

MHGs to have the same chances of losing complexity (rates e and g were restricted to be 

equal). The resulting models were more likely than the independent model (BF = 4.74) and 

slightly more likely than the unrestricted-dependent model (BF = 1.14), though not 

substantially so. Taken together these findings indicate that MHGs did not drive or sustain 

the evolution of political complexity in indigenous Austronesia.  

We then tested the general claim that beliefs in BSP play a functional role in the 

evolution of political complexity (Figure 3.2A). We found support for dependent analysis 

(Appendix to Chapter 3, Table 9.7) over the independent analysis (Appendix to Chapter 3, 

Table 9.8) (BF = 3.24). In the posterior distribution of the dependent analysis, a single model 

structure accounted for 92.21% of all models sampled (Appendix to Chapter 3, Table 9.9). In 

this model seven of the eight transition rates were inferred to be equal—cultures without BSP 

did not gain political complexity (rate b was estimated to be 0), but all other transition rates 

were equal (rates a, c, d, e, f, h were all equal). 

We then ran two restricted-dependent analysis to test whether beliefs in BSP precedes 

and stabilizes political complexity. In the first analysis (Appendix to Chapter 3, Table 9.10), 

we constrained the model so that beliefs in BSP needed to occur before the evolution of 

political complexity (rate b was restricted to 0). The resulting models were substantially more 

likely than the independent model (BF = 5.02), and slightly more likely than the unrestricted-

dependent models (BF = 1.78) though not substantially so. In the second restricted analysis 

(Appendix to Chapter 3, Table 9.11) cultures with and without beliefs in BSP were equally 

likely to lose political complexity (rates e and g were restricted to be equal). The resulting 

models were substantially more likely than the models in the independent analysis (BF = 

4.10) and were slightly more likely than those in the unrestricted-dependent analysis (BF = 

0.88), though not substantially so. These restricted models indicate that beliefs in BSP 

facilitate political complexity, but cultures with beliefs in BSP are just as likely to lose 

complexity as cultures without BSP. 

  



41 
	

 

Figure 3.1. (A) The evolution of political complexity and beliefs in MHGs reconstructed on a 
maximum clade credibility consensus tree of Austronesian cultures. Grey indicating the 
proportion of the 4000 trees sampled in which the node is absent. Cultures with both high 
political complexity and an MHG are highlighted. (B) Transition rate matrix for the 
coevolution of political complexity and beliefs in MHGs, widths of arrows are proportional to 
rates of change (see Appendix to Chapter 3, Table 9.2 for values). 
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Figure 3.2. (A) Political complexity and beliefs in BSP reconstructed on a maximum clade 
credibility consensus tree of Austronesian cultures. Cultures with both high political 
complexity and beliefs in BSP are highlighted. (B) Transition rate matrix for the coevolution 
of political complexity and beliefs in BSP, widths of arrows are proportional to rates of 
change (see Appendix to Chapter 3, Table 9.7 for values).  
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3.4. Discussion 

The results presented here cast doubt on the widely held view that MHGs facilitate the 

emergence of political complexity (Johnson, 2005; Norenzayan & Shariff, 2008; Roes & 

Raymond, 2003; Shariff et al., 2011; Wilson, 2002). Although beliefs in MHGs do coevolve 

with political complexity, beliefs follow rather than drive political complexity. Instead, we 

find that beliefs in BSP facilitate the evolution of political complexity, though neither MHGs 

nor BSP sustains political complexity once it has arisen. In Austronesia many forms of 

supernatural beings, such as the tree and rock spirits of Eastern Toraja (Downs, 1956) and the 

lizard spirits of the Toba Batak (Loeb, 1935) show little interest in human morality. The 

punishing agents that fall under BSP tend to be anthropomorphic beings such as the spirits of 

deceased ancestors and our results suggest that it is these kinds of supernatural punishers that 

have facilitated the evolution of political complexity in Austronesia. However, ancestral 

spirits are suboptimal supernatural punishers as they generally have restricted abilities to 

know about and influence the world, are only important to their own lineage and are biased to 

favour this lineage. Ancestral spirits may be suited to facilitating cooperation within small 

scale lineage based groups, but fail to maintain cooperation in larger more complex societies 

in which there are multiple lineages. While this explains why BSP is found to facilitate but 

not sustain political complexity, it does not account for why MHGs are not found to drive or 

sustain political complexity, despite claims that MHGs are the ultimate form of supernatural 

punishment (Johnson, 2011). 

An alternative explanation for the coevolution of BSP and political complexity is that 

beliefs in ancestral spirits are a common source of supernatural punishment, which are used 

to make claims of political authority. An example of a culture in which geneology was used 

to justify political leadership is Hawaii, where the ancestors of chiefs were elevated to the 

place of gods and provided chiefs with both authority and supernatural power in the form of 

mana (Valeri, 1985). The extent to which beliefs in ancestral spirits facilitate political 

complexity by increasing cooperation, as opposed to motivating claims of political authority, 

needs to be tested in future research. 

Previous cross-cultural support for both the MHG and BSP hypotheses has relied on 

the MHG variable coded in the EA and SCCS and there are three reasons our findings differ 

from previous studies. First, previous research has relied on standard correlational techniques 

that are unable to get at the direction of causality (Johnson, 2005; Peoples & Marlowe, 2012; 

Roes & Raymond, 2003). Second, previous research has not fully taken into account the 

phylogenetic history of cultures. When cultural fission occurs, such as when a group splits off 
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to inhabit a new island, the resulting cultures retain many of their ancestral traits. 

Supernatural beliefs and level of political complexity are no exception (Currie et al., 2010; 

Kirch, 2001). The sacred Polynesian concept of tapu, for example, probably originated in the 

ancestral proto-Polynesian society (Kirch, 2001), and has now spread across far-flung islands 

of the Pacific. By making inferences based on phylogenetic trees, we were able to infer 

independent evolutionary events (Mace & Pagel, 1994), rather than relying on potentially 

spurious correlations. The third reason our results differ from previous studies is that our 

coding eliminated cases of MHGs that were clearly attributable to contact with Abrahamic 

religions. External influence potentially confounds the correlations previously found between 

political complexity and beliefs in MHGs. For example, the Nias of Indonesia had both 

Christianity and a paramount chiefdom imposed on them by a Dutch colonial government 

(Lebar, 1972). Previous cross-cultural studies are based on data in the Ethnographic Atlas, or 

the Standard Cross-Cultural Sample. In the Ethnographic Atlas MHGs that are borrowed 

from Abrahamic religions are not systematically distinguished from those that have arisen 

indigenously and in the Standard Cross-Cultural Sample the majority of MHGs are found in 

Christian and Muslim cultures (Atkinson, Latham, & Watts, 2014). The scarcity of 

indigenous MHGs in the Standard Cross-Cultural Sample suggests that the frequency of these 

gods in indigenous Austronesian cultures is representative of patterns globally. Here we have 

systematically coded for the states of cultures prior to Abrahamic influence. 

By excluding clear cases of conversion to Abrahamic religions from our dataset we 

have controlled for the most prominent form of religious borrowing in Austronesia. In 

linguistics a subtle form of borrowing, known as calquing, occurs where foreign concepts are 

adopted using native vocabulary. A similar process may have occurred in the religious beliefs 

of some Austronesian societies, where the concept of a MHG was borrowed under the name 

of an existing deity due to contact with Muslim traders. Four out of the six cultures with 

MHGs in out sample are located in the Southeast Asian cultures where early Muslim trade 

occurred (Tibbetts, 1957). For example, in the Philippines, Muslim traders arrived at the 

Sultan of Sulu’s ports at least as far back as the fourteenth century. This fits with the 

relatively recent emergence of MHGs in Austronesia indicated by our ancestral state 

reconstructions (Figure 3.1A). High complexity societies may have been more likely to have 

contact with Muslim traders because they had greater resource surpluses to trade (Angle, 

1986). Thus, instead of a direct causal connection between beliefs in MHGs and political 

complexity, we suggest that the relationship reflects the increased opportunity for more 

complex societies to have borrowed the concept of a MHG. 
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Since at least the time of ancient Greek philosophers, scholars have debated the role 

that religion plays in human society (Rives, 2007). The last decade has seen a substantial 

growth in the contribution of evolutionary theory to these debates. Despite an appreciation of 

comparative methods in the study of religion, we know of only one other study that uses an 

explicit computational phylogenetic approach (Matthews, 2012). In contrast to a range of 

functionalist theories of supernatural punishment (Johnson & Krüger, 2004; Norenzayan, 

2013; Norenzayan & Shariff, 2008; Shariff et al., 2011), and claims from previous 

comparative non-phylogenetic studies (Johnson, 2005; Peoples & Marlowe, 2012; Roes & 

Raymond, 2003), our results indicate that beliefs in neither MHGs nor BSP sustains political 

complexity. While beliefs in BSP may play a role in the emergence of political complexity, 

beliefs in high gods did not drive the evolution of big societies. The fact that highly complex 

societies such as the ancient Greeks and Romans did not have MHGs either (Angle, 1986) 

raises the possibility that this finding may be quite general. This work shows a new way 

forward for historical and comparative research in the humanities— a rigorous scientific way 

of testing functionalist hypotheses using comparative phylogenetic methods. 
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4. Ritual human sacrifice promoted and sustained  
the evolution of stratified societies 

 

We are led to consider human sacrifice not as a separate category but rather 
as the ultimate form that every sacrifice may take – or the essence common 
to all sacrifices….the choice of the gods to instantiate is not free: one can 
only sacrifice to the gods that correspond to one’s hierarchical position in 
society. Thus sacrifice ensures that the hierarchy of the gods is translated 
into a social hierarchy and reproduces it. 

Valeri (1985, p. 49) 
 

4.1. Introduction 

Human sacrifice—the deliberate and ritualized killing of an individual in order to please or 

placate supernatural beings—is known to have occurred in early Germanic, Arab, Turkic, 

Inuit, American, Austronesian, African, Chinese and Japanese cultures (Bremmer, 2007). 

Speculation about the potential functionality of human sacrifice dates back to at least the 

beginning of the European colonization of Central America 500 years ago (del Castillo, 

2008), and has been the subject of enduring debate across the humanities (Burkert, 1998; 

Carrasco, 1999; Girard, Hamerton-Kelly, Burkert, & Smith, 1987), social sciences (Bremmer, 

2007; Harner, 1977; Price, 1978; Turner & Turner, 1999) and biological sciences (Gould & 

Lewontin, 1979; Wilson, 1978) ever since. The practice has been conjectured to act as a form 

of social catharsis (Girard et al., 1987), a justification for political conflicts (Price, 1978), 

and, when combined with cannibalism, a means of overcoming protein shortages (Harner, 

1977). Political theorists have long argued that effective political authority in class-stratified 

societies requires legitimizing mechanisms (Coulanges, 1877; Marx & Engels, 1975), an idea 

which evolutionary scholars have recently endorsed (Cronk, 1994; Flannery & Marcus, 

2012). According to the social control hypothesis, human sacrifice legitimizes class-based 

power distinctions by combining displays of ultimate authority—the taking of a life—with 

supernatural justifications that sanctify authority as divinely ordained (Carrasco, 1999; Girard 

et al., 1987; Turner & Turner, 1999). Social stratification is thought to have been one of the 

earliest forms of institutionalized leadership to emerge in human cultures, giving rise to 

kingdoms, monarchies and modern political states (Flannery & Marcus, 2012; Wheatley, 

1971). Existing support for the social control hypothesis is based on anecdotal descriptions of 

cultures (Carrasco, 1999; Price, 1978; Turner & Turner, 1999), and one quantitative cross-

cultural study that found an association between human sacrifice and measures of social and 

http://dx.doi.org/10.1038/nature17159
http://dx.doi.org/10.1038/nature17159
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political complexity (Winkelman, 2014). However, this study used a sample that contained 

just seven cultures that practiced human sacrifice, did not control for the non-independence of 

cultures (Dow & Eff, 2008; Winkelman, 2014), and was unable to infer the direction of 

causality between human sacrifice and social stratification (Pagel & Meade, 2006). 

Here we test the social control hypothesis with a Bayesian phylogenetic analysis of 93 

traditional Austronesian cultures from the Pulotu database (Watts et al., 2015). Phylogenetic 

methods enable us to account for the common ancestry of cultures (Watts, Sheehan, et al., 

2015), test for patterns of coevolution (Gray, Drummond, & Greenhill, 2009; Watts, 

Greenhill, et al., 2015), and infer the direction of causality based on the order that traits 

evolve in (Pagel & Meade, 2006). Austronesian cultures have been described as a natural 

laboratory for cross-cultural research due to the diversity of environments they inhabit and 

cultural features they have evolved (Goodenough, 1957). They inhabit environments ranging 

from tiny atolls to continents (Watts, Sheehan, et al., 2015), and their social structures ranged 

from small egalitarian, kin-based societies such as the Dobuans (Watts, Sheehan, et al., 

2015), to large, complex polities such the Hawaiians (Kamakau, 1964). From their ancestral 

homeland in Taiwan, Austronesian cultures spread west to Madagascar, east to Rapa Nui, and 

south to New Zealand—a region covering over half the world’s longitude and one-third of its 

latitude (Watts, Sheehan, et al., 2015). Their religious beliefs and practices were remarkably 

diverse (Beatty, 1992; Burt, 1994; Watts, Greenhill, et al., 2015), and the practice of human 

sacrifice was widespread throughout traditional Austronesian cultures. Common occasions 

for human sacrifice in these societies included the breach of taboo or custom (Burt, 1994), the 

funeral of an important chief (Kamakau, 1964), and the consecration of a newly built house 

or boat (Beatty, 1992). Ethnographic descriptions highlight that the sacrificial victims were 

typically of low social status, such as slaves, and the instigators were of high social status, 

such as priests and chiefs (Beatty, 1992; Burt, 1994; Kamakau, 1964). The methods of 

sacrifice included burning, drowning, strangulation, bludgeoning, burial, being crushed under 

a newly built canoe, being cut to pieces, as well as being rolled off the roof of a house and 

then decapitated (Beatty, 1992; Burt, 1994; Kamakau, 1964). 

For each culture in our sample, we recorded the presence or absence of human 

sacrifice, and coded the level of social stratification. The social control hypothesis predicts 

that human sacrifice (i) co-evolves with social stratification, (ii) increases the chance of a 

culture gaining social stratification, and (iii) reduces the chance of a culture losing social 

stratification once stratification has arisen. Though the social control hypothesis could 
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potentially apply to stratified societies in general (Turner & Turner, 1999), the hypothesis is 

based on descriptions of human sacrifice in highly stratified societies such as the Aztecs 

(Carrasco, 1999). Here we perform two series of analyses, the first to test the effects of 

human sacrifice on the evolution of social stratification in general (Figure 4.1C), and the 

second to test the effects of human sacrifice on the evolution of high social stratification 

(Figure 4.1E). 

 

4.2. Methods 

 

4.2.1. Data and coding 

Human sacrifice was coded as present (present = 1) if there was evidence that members of the 

culture practiced the ritual killing of human beings, in a non-military context, for the sole or 

primary purpose of pleasing or appeasing a supernatural agent. Deaths that occurred during 

raids on enemy cultures, or non-ritual murders that resulted from interpersonal conflicts, were 

not considered to be human sacrifice. Human sacrifice was coded as absent (absent = 0) if 

ethnographic sources explicitly stated that human sacrifice was not practiced, or if there was 

no evidence of human sacrifice from a substantial description of the culture’s religious 

practices. Building on an established classification system of social stratification in 

Polynesian cultures (Sahlins, 1958), we grouped Austronesian cultures into one of three 

categories. Cultures were coded as egalitarian (egalitarian = 1) if there was minimal or no 

potential for wealth and/or status to be inherited between generations. Cultures were coded as 

having moderate social stratification (moderate social stratification = 2) if pronounced 

intergenerational differences in wealth and/or status existed between social groups, but one or 

more of the following conditions was met: (a) social mobility was not restricted at any level, 

(b) differences in status and/or wealth were not associated with pronounced differences in 

living standards, and/or (c) the social groups in question were not clearly delineated. Finally, 

cultures were coded as highly stratified (high social stratification = 3) if pronounced 

intergenerational differences in wealth and/or status, associated with pronounced differences 

in living standards, existed between clearly delineated social groups and social mobility 

between two or more of the groups was restricted. 

Cultures were the units of analysis in this study. We coded all the cultures from the 

Pulotu database (Watts, Sheehan, et al., 2015) for which data on human sacrifice and social 

stratification were available, and that could be linked to a language on a phylogenetic tree 
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(Gray et al., 2009). Pulotu contains a diverse and broadly representative sample of 

Austronesian speaking cultures and information was collected on the traditional states of 

these cultures from periodicals, books and encyclopaedias (Appendix to Chapter 4, Table 

10.1). We coded cultures as they were before substantial influence by industrialized cultures 

and major world religions. This influence occurred through modernizing processes such as 

colonization, missionization, and trade. Sampling traditional Austronesian cultures has the 

advantages of reducing the effects of cultural diffusion and enabling us to test our hypotheses 

using a sample of cultures with a diverse range of religious and social structures 

(Goodenough, 1957). The social structures of these cultures ranged from small kin-based 

groups to large, polities such as those found in Hawaii (Kamakau, 1964), meaning that that 

our sample is particularly well suited to testing hypotheses about the evolutionary transitions 

that occurred in early human civilizations (Flannery & Marcus, 2012). In the collection of 

ethnographic data, priority was given to primary ethnographic materials, collected by 

ethnographers nearest to the time focus. Each culture was coded by two trained coders and 

the ethnographic sources used for each culture, as well as the coding decisions, can be found 

in the Appendix to Chapter 4. The first coder found and reviewed suitable ethnographic 

materials and coded each of the variables. The second coder reviewed this decision based on 

a review of the sources consulted by the first coder and a search for any additional materials. 

The coders’ decisions were highly consistent. In rare cases of disagreement, a third coder was 

consulted and a clear agreement was reached between all coders. 

 

4.2.2. Tree building 

To model the ancestral history of cultures we used a sample of 4,200 trees from the posterior 

distribution of a Bayesian analysis of Austronesian basic vocabulary items (the detailed 

method is described in Gray, Drummond, and Greenhill (2009)). The cultural history inferred 

by these language trees is corroborated by current genetic data (Ko et al., 2014), and what is 

known from the archaeological record about the sequence and timing of cultural expansions 

(Gray et al., 2009). We pruned the original sample of 400 languages to 93, selecting those 

corresponding to cultures that were the subject of detailed ethnographic descriptions, while 

ensuring we sampled from all major cultural groupings and geographic regions.  
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4.2.3. Preliminary phylogenetic analyses 

First, we used the multistate function in BayesTraits to test for patterns in the evolution of 

social stratification, without the influence of human sacrifice. While the discrete function in 

BayesTraits requires binary traits, the multistate function can be used to test how a trait with 

more than two states evolves (Pagel & Meade, 2006). In this analysis we tested three 

different models of evolution. The first was unconstrained so that any transition between 

states could occur. For example, cultures could transition directly from being egalitarian to 

either moderate or high social stratification. The second model of evolution was constrained 

so that stratification must be gained in steps from egalitarian to moderately stratified, to 

highly stratified, but could be lost in jumps. For example, a culture could transition directly 

from being highly stratified to being egalitarian, but not vice versa. The third model of 

evolution was constrained so that social stratification must be gained and lost in sequential 

steps. This means that for a culture to go from being egalitarian to highly stratified, or highly 

stratified to egalitarian, it must pass through a stage of being moderately stratified. We find 

that neither our second analyses that require cultures to gain social stratification in steps (BF 

= 0.08), or our third models that require the gain and loss of social stratification to occur in 

steps (BF = 1.28), were supported over the unrestricted models of evolution (Appendix to 

Chapter 4, Tables 10.2–10.5). In the unconstrained analyses the mean transition rates between 

different states of social stratification were equal (Appendix to Chapter 4, Table 10.2), and a 

range of different model were sampled in the posterior distribution (Appendix to Chapter 4, 

Table 10.3). This suggests that cultures can transition freely between each different level of 

social stratification. These findings mean that in order to test how human sacrifice co-evolves 

with social stratification using BayesTraits, which requires binary traits, it is appropriate to 

group moderate and high stratification together as there could have been transitions directly 

to or egalitarianism from either form of stratification. These findings also mean that in order 

to test for the co-evolution of human sacrifice and high social stratification, it is appropriate 

to group egalitarianism with moderate social stratification as either could have transitioned 

directly to or from high social stratification. 

We then tested for phylogenetic signal in our traits by using the phylo.d function in 

the R (R Team, 2015) package Caper (Orme et al., 2013) to calculate Fritz and Purvis’ D 

(Fritz & Purvis, 2010), as well as whether this value differed significantly from what would 

be expected given no phylogenetic patterning, or under a Brownian model of evolution. We 

performed 1,000 permutations for each tree in our 4,200 tree sample, and we present the 
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mean and standard deviation of these values across the sample of trees. A D statistic of 0 

indicates that a trait is as phylogenetically conserved as would be expected under a Brownian 

model of trait evolution, while a value of 1 indicates that the distribution of the trait is not 

phylogenetically patterned (Fritz & Purvis, 2010). Our results indicate that human sacrifice is 

highly conserved (D = −0.03, SD = 0.09), and that its distribution is not significantly 

different from what would be expected under a Brownian model of trait evolution (p = 0.54), 

but is significantly different from what would be expected if there were no phylogenetic 

signal (p < 0.01). Our results also indicate that social stratification (D = 0.19, SD = 0.10) and 

high social stratification (D = 0.18, SD = 0.11) are phylogenetically patterned. The 

distribution of both social stratification and high social stratification was significantly 

different from that expected if there were no phylogenetic signal (p = 0.01 and p < 0.01, 

respectively), and not significantly different from that which would be expected under a 

Brownian model of evolution (p = 0.39 and p = 0.38, respectively). The strength of 

phylogenetic signal means that the assumptions of standard non-phylogenetic methods are 

violated, and that phylogenetic methods are appropriate to account for the historical 

dependencies between cultures (Mace & Holden, 2005; Mace & Pagel, 1994). 

 

4.2.4. Co-evolutionary models 

Co-evolutionary analyses were performed in the phylogenetic software package BayesTraits 

(Pagel & Meade, 2006). In order to inform our choice of priors for the MCMC analyses, we 

began by performing maximum likelihood (ML) analyses. Setting the number of optimisation 

attempts at 100 per tree, we calculated the mean transition rates for dependent and 

independent models across our sample of trees. For the models of human sacrifice and social 

stratification the mean transition rates ranged from 0.03 to 0.46. For the human sacrifice and 

high social stratification analyses the mean rates ranged from <0.01 to 0.39. 

We then used the MCMC function in BayesTraits (Pagel & Meade, 2006) to test for 

correlated evolution between traits. Using the MCMC function has the advantage of being 

able to test models of evolution across a sample of trees, rather than just one, which allows 

for phylogenetic uncertainty to be accounted for. We tested for co-evolution by comparing 

the likelihood of posterior distribution of dependent and independent analyses. Dependent 

analyses allow the evolution of one trait to depend on the state of another trait, and should be 

favoured when co-evolution has occurred. For example, the chance of a culture gaining high 

social stratification may be higher in cultures with human sacrifice than in cultures without. 
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Independent analyses contain only models in which the evolution of one trait is independent 

of the other (Pagel & Meade, 2006). For example, the chance of a culture gaining high social 

stratification will be the same for cultures with and without human sacrifice. In order to avoid 

over-parameterizing the model, we used a reverse-jump method that minimises the number of 

rate parameters used by only adding additional rate parameters when they improved the fit of 

the model. We used a hyper-prior seeding from an exponential distribution, and used the 

results of the ML analyses to inform the range of this hyper-prior. For all of our co-

evolutionary analyses we set the hyper-before range from 0 to 0.5. Each analysis was run for 

2 × 109 iterations, with the first 109 removed as a burn-in period. At the end of each run we 

calculated the log marginal likelihood by running a stepping-stone sampler (Xie, Lewis, Fan, 

Kuo, & Chen, 2011) across the posterior distribution of the analyses. This stepping-stone 

sampler used a beta (0.40, 1.00) distribution and was run for 100,000 iterations across 1,000 

stones. In order to ensure consistency we ran each analysis three times and reported the mean 

values across the run. As can be seen in the Appendix to Chapter 4, for all analyses, each of 

the three runs converged on highly consistent values (Appendix to Chapter 4, Tables 10.6–

10.16). We calculated Bayes Factors as twice the difference between the log marginal 

likelihood of the posterior distributions of each analysis. Following Raftery (Kass & Raftery, 

1995) we take Bayes factors of 0–2 as providing no support for the models in one posterior 

distribution over the models in another posterior distribution, Bayes factors of 2–5 as 

providing positive support for one posterior distribution over the other, a Bayes factor of 5 to 

10 as strong support, and a Bayes factor over 10 as very strong support.  

To test why the dependent model was favoured over the independent model, we 

performed follow-up analyses in which the dependent model was constrained. By 

constraining the dependent model, we could force the MCMC chain to sample a subset of the 

models in the unconstrained dependent analyses. For example, to test whether human 

sacrifice affects the rate at which cultures gain high social stratification we forced the 

dependent analyses to sample only models of co-evolution in which cultures with and without 

human sacrifice have an equal chance of gaining high social stratification (rates b and d in 

Figure 4.1E can be set to be equal). If human sacrifice were to affect the rate at which 

cultures gain high social stratification, then we should expect the constrained models to fit 

substantially more poorly than the unconstrained dependent models. 
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4.2.5. Validation of co-evolutionary models 

In order to test for sampling effects we validated our co-evolutionary models by randomly 

sub-sampling 50% of cultures from the full analyses, and then re-ran all co-evolutionary 

models with this sub-sample. This process was repeated with 10 different random sub-

samples (Appendix to Chapter 4, Tables 10.17–10.26). Despite the reduced power of the 

smaller sample, we find support for the same pattern of evolution in the majority of random 

sub-samples. For the co-evolutionary analyses of social stratification and human sacrifice we 

find substantial or strong support for the models in the dependent analysis over the models in 

the independent analysis, as well the same pattern of co-evolution as that found in our full 

analyses, in eight out of ten random sub-samples. One of the remaining two sub-samples 

found substantial support for the same pattern of co-evolution, but no single model structure 

accounted for over half of those sampled in the posterior distribution and the most commonly 

sampled model structure differed from that of the full analyses. In the other remaining sub-

sample, the dependent model suggested the same pattern of co-evolution but was not 

substantially supported over the independent model. For the co-evolutionary analyses of high 

social stratification and human sacrifice, we find strong or substantial support for the models 

in the dependent analyses over the models in the independent analyses, as well as the same 

pattern of co-evolution as that found in our full analyses, in seven out of the ten randomly 

selected sub-samples. In the three remaining sub-samples, the dependent model indicated the 

same pattern of co-evolution as in our full analyses, but the dependent models were not 

substantially supported over the independent models. The results of these random sub-

sampling analyses indicate that our findings are robust across a wide range of randomly 

selected sub-samples and that even after substantially reducing our power to detect correlated 

evolution we find support for the same relationship between social stratification and human 

sacrifice. 

Recent simulation studies by Maddison and FitzJohn (Maddison & Fitzjohn, 2015) 

have highlighted the potential for phylogenetic methods to lead to spurious correlations when 

one or more of the traits has undergone only a small number of evolutionary transitions such 

as one or two changes on a tree. As can be seen in Figure 4.2 and Figure 4.3, both human 

sacrifice and social stratification are likely to have undergone a far greater number of changes 

than this, and these changes are distributed throughout Austronesia, indicating that the issues 

identified by Maddison and FitzJohn (Maddison & Fitzjohn, 2015) do not apply to our study. 
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4.2.6. Figure construction 

We created Figure 4.2 and Figure 4.3 using a maximum clade credibility consensus tree from 

the full sample of trees using the software programme TreeAnnotator (Drummond, Suchard, 

Xie, & Rambaut, 2012). Trees were plotted using the plot.phylo function in the R package 

ape (Paradis, Claude, & Strimmer, 2004), and the node values were plotted using the 

nodelabels function. The probabilities assigned to the nodes of the tree were calculated by 

using the addnodes function in BayesTraits (Pagel & Meade, 2006), and represent the mean 

values assigned to nodes in the posterior distributions of the MCMC analyses. In these 

figures, grey was labelled ‘phylogenetic uncertainty’, and was used to illustrate the 

proportion of the trees in the sample for which that specific node of the consensus tree was 

absent. 

 

4.3. Results 

We found that the extent of social stratification, as well as the presence of human sacrifice, 

varied throughout a wide range of geographic regions and cultural groups (Figure 4.2 and 

Figure 4.3). Evidence of human sacrifice was observed in 40 of the 93 cultures sampled 

(43%). Human sacrifice was practiced in 5 of the 20 egalitarian societies (25%), 

17 of the 46 moderately stratified societies (37%), and 18 of the 27 highly stratified societies 

(67%) sampled. 

 

4.3.1. The co-evolution of social stratification and human sacrifice 

In our first series of analyses, we grouped moderate and high stratification together, referred 

to hereafter as ‘social stratification’ (Figure 4.1B). To test for the co-evolution of human 

sacrifice and social stratification, we compared the posterior distribution of models in which 

human sacrifice and social stratification evolve independently of one another with models in 

which the two traits co-evolve such that the probability of a change in one trait is dependent 

on the value of the other trait (Pagel & Meade, 2006). We found substantial support for the 

models in the dependent analyses, in which human sacrifice can co-evolve with social 

stratification, compared with the models in the independent analyses (Bayes factor (BF) = 

3.78). This indicates that human sacrifice co-evolved with social stratification. We then 

performed two additional constrained analyses to test whether human sacrifice functioned to 

drive and stabilize the evolution of social stratification, as the social control hypothesis 

predicts. In the first constrained analysis, cultures with and without human sacrifice were   
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Figure 4.1.  Summary of the two series of analyses performed in this study. A, Key 
of the images used to represent social stratification and human sacrifice. B, In the first 
series of analyses, moderately and highly stratified societies cultures were grouped 
together to test for the co-evolution of human sacrifice with social stratification in 
general. C, Unconstrained dependent model of the co-evolution of human sacrifice (HS) 
and social stratification (SS) in general. The thicknesses of the arrows are proportional 
to the rates of change between states. D, In the second series of analyses, egalitarian and 
moderately stratified societies were grouped together to specifically test for the co-
evolution of human sacrifice with high social stratification. e, Unconstrained dependent 
model of the co-evolution of human sacrifice (HS) and high social stratification (high 
SS). The thicknesses of arrows are proportional to the rates of change between states. 
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forced to have an equal chance of losing social stratification (rates e and g in Figure 4.1C 

were set to be equal). The resulting models fitted substantially more poorly than the 

unconstrained dependent analyses (BF = 2.30), and did not fit substantially better than the 

models in the independent analysis (BF = 1.48). This indicates that human sacrifice affects 

the rate at which cultures lose social stratification. The unconstrained dependent model shows 

that cultures with human sacrifice were less likely to lose social stratification than were 

cultures that lacked human sacrifice (in Figure 4.1C rate e is higher than rate g). In the second 

constrained analysis, the rate at which cultures with and without human sacrifice gained 

social stratification was forced to be equal (rates b and d in Figure 4.1C were set to be equal). 

The resulting models were substantially more likely than were models in the independent 

analysis (BF = 4.68), and slightly more likely than models in the unconstrained dependent 

analysis, though not substantially so (BF = 0.60). Together these results indicate that human 

sacrifice functioned to stabilize social stratification once it had arisen, but did not affect 

whether egalitarian cultures gained social stratification (in Figure 4.1C, rate e is higher than 

rate g). 

 

4.3.2. The co-evolution of high social stratification and human sacrifice 

In our second series of analyses, we used the same approach to test whether human sacrifice 

co-evolves with high social stratification specifically. In this series, we grouped egalitarian 

and moderately stratified societies together (Figure 4.1D). We found strong support for the 

models in the dependent analyses over the models in the independent analyses (BF = 6.04), 

indicating that human sacrifice has co-evolved with high social stratification. To test the 

prediction that human sacrifice functions to stabilize and drive high social stratification, we 

performed the same sequence of constrained analyses as previously described for social 

stratification in general. In the first constrained analysis, cultures with and without human 

sacrifice were forced to have an equal chance of losing high social stratification (rates e and g 

in Figure 4.1E were equal). The resulting models were more likely than those in the 

independent analysis (BF = 6.96) and the unconstrained dependent analysis (BF = 0.92), 

though the difference was only substantial in the case of the former. This indicates that the 

presence of human sacrifice is not associated with a change in the rate at which highly 

stratified cultures become less stratified. The second analysis was constrained so that cultures 

with and without human sacrifice were forced to have an equal chance of gaining high social 

stratification (rates b and d in Figure 4.1E are equal). The resulting models were substantially  
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Figure 4.2. Phylogenetic distribution of human sacrifice and social stratification in 
Austronesia. Ancestral state reconstruction of human sacrifice and general social 
stratification on a maximum clade credibility consensus tree of 93 Austronesian languages. 
This analysis was run for 2 × 109 iterations and replicated three times. Pie charts at the nodes 
represent the probable ancestral state inferred in an unconstrained dependent reversible-jump 
Markov chain Monte Carlo23 analysis. Grey represents the proportion of our sample of 4,200 
trees in which that node is absent. 
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Figure 4.3.  Phylogenetic distribution of human sacrifice and high social stratification in 
Austronesia. Ancestral state reconstruction of human sacrifice and high social stratification 
on a maximum clade credibility consensus tree of 93 Austronesian languages. This analysis 
was run for 2 × 109 iterations and replicated three times. Pie charts at the nodes represent the 
probable ancestral state in the unconstrained dependent reversible-jump Markov chain Monte 
Carlo23 analysis. Grey represents the proportion of our sample of 4,200 trees in which that 
node is absent. 
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less likely than were the models in the unconstrained dependent analysis (BF = 4.70), and 

slightly less likely than the models in the independent analysis, though not substantially so 

(BF = 1.34). The results from our second series of analyses indicates that human sacrifice 

increased the rate at which cultures with human sacrifice gain high social stratification, but 

did not function to stabilize high social stratification once it had arisen (in Figure 4.1E, rate d 

is higher than rate b). 

 

4.4. Discussion 

Taken together, our results provide strong evidence for the claim that human sacrifice played 

a powerful role in the construction and maintenance of stratified societies. Though human 

sacrifice was practiced in the majority of highly stratified societies in our sample, it was 

scarce in egalitarian societies, and we find that its effect depended on the level of 

stratification. Specifically, human sacrifice substantially increased the chances of high social 

stratification arising and prevented the loss of social stratification once it had arisen, yet was 

not found to increase social stratification in egalitarian societies. This is consistent with 

historical accounts that speculate that in order for human sacrifice to be exploited by social 

elites, there must first be social elites to exploit it (Carrasco, 1999; Turner & Turner, 1999). 

In our ancestral reconstructions Proto-Austronesian culture is inferred to have had some level 

of social stratification (Figure 4.2), but not high social stratification (Figure 4.3), and the most 

common changes inferred across our trees were the loss of social stratification in general, and 

the gain in high social stratification. We caution that the lack of support we find for human 

sacrifice sustaining high social stratification may be due to high social stratification having 

been rarely lost in the history of Austronesian cultures.  

Experimental research indicates that while social inequality may foster group 

decision-making and efficiency (Ronay, Greenaway, Anicich, & Galinsky, 2012), power 

hierarchies become unstable when they lack sanctioning status (Lammers, Galinsky, 

Gordijin, & Sabine, 2008). In Austronesian cultures human sacrifice was used to punish 

taboo violations (Burt, 1994), demoralise underclasses (Kamakau, 1964), mark class 

boundaries (Beatty, 1992), and instil fear of social elites (Kamakau, 1964) — proving a wide 

range of potential mechanisms for maintaining and building social control. Throughout 

human history the practice of human sacrifice was often used by social elites as a display of 

power (Beatty, 1992; Turner & Turner, 1999) intended to instil fear of the secular and 

supernatural consequences of transgressing ruling authority. While there are many factors 
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that help build and sustain social stratification, human sacrifice may be a particularly 

effective means of maintaining and building social control because it minimizes the potential 

of retaliation by eliminating the victim, and shifts the agent believed to be ultimately 

responsible to the realm of the supernatural (Girard et al., 1987). 

Religion has long been proposed to play a functional role in society (Coulanges, 

1877), and is commonly claimed to underpin morality. Recent evolutionary theories of 

religion have focused on the potential of pro-social and moral religious beliefs to increase 

cooperation (Norenzayan et al., 2014; Watts, Greenhill, et al., 2015). Our findings 

(Norenzayan et al., 2014) suggest that religious rituals also played a darker role in the 

evolution of modern complex societies. In traditional Austronesian cultures there was 

substantial religious and political overlap, and ritualised human sacrifice may have been co-

opted by elites as a divinely sanctioned means of social control (Bellah, 2011; Cronk, 1994; 

Marx & Engels, 1975). The approach adopted in this paper demonstrates the way causal 

hypotheses about major transitions in human social organization can be tested by combining 

computational models and language phylogenies with a wealth of cultural and historical data. 

Unpalatable as it might be, our results suggest that ritual killing helped humans transition 

from the small egalitarian groups of our ancestors, to the large stratified societies we live in 

today. 
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5. Greater Political Hierarchy Predicts  
Faster Conversion to Christianity 

 
The early missionaries laboured to destroy belief in the Polynesian concepts of 
the world and the origin and power of the local gods. In this they were helped 
by the natives themselves who, eager to accept and adopt new ideas, broke 
almost completely with their old religion… Priests and scholars who had 
accepted the new teaching refused to pass on the concepts and the legends of 
their old cult.  

Hiroa (1959, p.169) 

 

5.1. Introduction 

Over the past 2,000 years Christianity has grown from a small Judaic cult to the world’s 

largest religious family with over 2 billion adherents (Johnson, 2013). Historians, sociologists 

and religious studies scholars have long sought to explain the success of Christianity and a 

central debate is over the importance of social structure in the conversion process (Barnes, 

1981; Deissmann, 1908; Fox, 1986; Judge, 1960; Marx & Engels, 1975; Rohrbaugh, 1984; 

Stark, 1986). According to top-down theories of conversion the upper social classes, 

particularly political leaders, have functioned to facilitate the conversion of the general 

population (Fox, 1986; Judge, 1960). For example, advocates suggest that the conversion of 

the Roman Empress Helena, and subsequently her son Constantine the Great, played a major 

role in the success of Christianity in Ancient Rome (Fox, 1986). Constantine is known to 

have placed Christians in positions of power, encouraged conversion among the population, 

and supported the church through financial aid. In contrast, according to bottom-up theories, 

Christianity has been primarily a proletarian movement that empowers social underclasses 

and spread primarily through a bottom-up process (Barnes, 1981; Deissmann, 1908). 

Advocates of this theory suggest that Constantine converted once Christianity had already 

become a major social force and his support for Christianity was a strategic move to appease 

the masses (Barnes, 1981). 

Identifying the mechanisms by which Christianity spreads is not just of historical 

interest, it has major implications for our understanding of cultural evolution more generally. 

Religion has become a focus in cultural evolutionary studies, and the potential for pro-social 

religions to increase the fitness of cultural groups has been a major line of evidence in 
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support of cultural group selection (Norenzayan et al., 2014; Wilson, 2002). Christianity is 

the archetypical pro-social religion and identifying the mechanisms by which it spreads 

within populations has the potential to provide insights into the ways that cultural innovations 

can rapidly spread throughout cultures. Theories of the transmission of religious systems 

have focused on how social learning biases can affect the transmission of beliefs between 

individuals. For example, it is proposed that people are biased to learn from those that 

demonstrate their commitment to religious beliefs through costly displays such as practicing 

abstinence, fasting or body modifications (Henrich, 2009). Other relevant social learning 

biases include conformity bias, by which people preferentially learn the behaviours of the 

majority, and prestige bias, by which people preferentially learn from competent individuals 

(Boesch & Tomasello, 1998; Boyd & Richerson, 1985; Nunn, Thrall, Bartz, Dasgupta, & 

Boesch, 2009).  

The case of Constantine suggests that top-down cultural transmission, in which 

leaders use their position in a social network to facilitate the group-wide spread of a cultural 

trait, is another potentially important mechanism in cultural transmission of religion. Top-

down cultural transmission and social learning biases are compatible but distinct processes 

because top down transmission depends on the social structure the individual is part of and 

their place within it, whereas social learning biases focus on how an individual’s perception 

of others can affect which beliefs they acquire. One line of support for top-down cultural 

transmission comes from simulation based studies that identify the most influential 

individuals within populations based on their centrality within social networks (Borgatti, 

2006; Chen, Lu, Shang, Zhang, & Zhou, 2001). These studies show that central individuals 

can unify otherwise separate clusters of people and have the greatest potential to create group 

wide change (Borgatti, 2006; Chen et al., 2001). Another line of support for top-down 

cultural transmission comes from simulation based studies showing that dominance 

hierarchies have the potential to coordinate social actions (David-Barrett & Dunbar, 2012), as 

well as provide leaders with greater access to information and influence over the population 

(Lopez, Mendes, & Sanjuan, 2002). These studies highlight the potential importance of social 

structures in the spread of innovations but empirical research is needed to test the importance 

of top-down and bottom-up transmission in the real world.  

In religious studies the debate over the relative importance of top-down and bottom-

up processes of conversion has focused on the spread of Christianity in Ancient Rome, 
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despite there being very little actual data on Christianity in this period (Deissmann, 1908; 

Judge, 1960). In contrast, the Austronesian family of cultures remained relatively isolated 

from major world religions until the 18th and 19th century, and upon contact the conversion 

process was well documented (Goodenough, 1957; Watts et al., 2015). The term 

‘Austronesian’ refers to a language based grouping of cultures that originated in Taiwan, 

spread west to Madagascar, east to Rapa Nui (Easter Island), and south to Aotearoa (New 

Zealand) – an area covering over half the world longitude and a third of its latitude (Gray, 

Drummond, & Greenhill, 2009). Austronesian social systems ranged from small, egalitarian, 

family-based communities such as the Isneg up to large, hierarchically organised political 

states such as Hawaii (Kirch, 2001; Watts et al., 2015). While many regions of Austronesia 

are now Christianised, their reception to Christianity varied substantially. For example the 

Tolai took around 100 years to convert to Christianity, and a number of missionaries were 

killed in the process (Epstein, 1968), while on Kapingamarangi the entire culture converted 

peacefully within a year (Emory, 1965). 

Here we use the Austronesian sample of cultures to test the importance of top-down 

and bottom-up transmission in the spread of Christianity. The diversity of traditional 

Austronesian cultures allows us to test how cultures varying in political complexity, social 

inequality and population size differed in the length of time taken to convert to Christianity. 

Political complexity refers to the numbers of level of political hierarchy beyond the local 

community (Murdock & Provost, 1973). An example of one level of political complexity is a 

single chief ruling over multiple local communities, whereas an example of two levels of 

political complexity is a paramount-chief overseeing petty-chiefs, who in turn oversee local 

communities. Such political hierarchies provide an overarching network structure that unites 

multiple populations and provide leaders with substantial influence over populations (Kirch, 

2001). The top-down theory of conversion predicts that cultures with greater political 

complexity will be faster to convert than less politically organised cultures (Fox, 1986; Judge, 

1960). Social inequality, also known as social stratification, refers to inherited differences in 

wealth and status within a culture (Sahlins, 1958). This includes cases such as noble casts that 

inherit land and have priority over resources as well as slave casts who are born into 

subjugation. The bottom-up theory of conversion claims that Christianity was particularly 

appealing to social underclasses as it espoused equality and promised a better afterlife for the 

righteous (Barnes, 1981; Deissmann, 1908; Marx & Engels, 1975). As such it can be 
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predicted that cultures with greater social inequality will be faster to convert than more equal 

cultures. Because larger populations are expected to take longer to convert, and both political 

complexity and social inequality are likely to be related to population size, we control for 

population size in our analyses.  

We test how political complexity, social inequality and population size affect the 

length of conversion time in 60 Austronesian cultures using a Phylogenetic Generalised Least 

Squares (PGLS) spatial method (Freckleton & Jetz, 2009). By accounting for how recently 

cultures shared a common ancestor and their geographic proximity, PGLS spatial enables us 

to control for the dependencies between cultures that arise through common descent and 

borrowing (Mace & Pagel, 1994). This also enables us to test whether a) close cultural 

relatives within the Austronesian family tended to have similar conversion times, suggesting 

the existence of other culturally inherited traits that influence conversion time; and b) 

geographic neighbours tended to have similar conversion times, suggesting conversion time 

is also influenced by other un-modelled cultural or ecological factors that vary 

geographically. 

 

5.2. Methods 

 

5.2.1. Data 

We sampled all cultures from the Pulotu database for which there was sufficient ethnographic 

and historical information on the variables of interest (Watts et al., 2015). As we were 

interested in testing theories about the spread of Christianity, cultures that converted to Islam, 

Hinduism or Buddhism were excluded from the study. This resulted in a sample of 60 

Austronesian cultures, covering all major regions and sub-families within Austronesia. The 

variables on political complexity, social inequality, population size and geographic location 

are based on how the cultures were in their traditional state, before colonisation and 

conversion to Christianity. Data was gathered from the records of missionaries, explorers and 

ethnographers, as well as official government censuses. Each culture was coded by two 

trained coders. The first coder collected data and coded the variables, the second reviewed 

coding decisions and searched for additional resources. In cases of initial difference, the 

coders reviewed the materials together and came to full agreement. The resources used to 
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code each culture and the coding decisions are available in Appendix to Chapter 5, Table 

11.1. 

We coded political complexity based on Murdock and Provost’s ‘Level of Political 

Integration’ coding scheme (Murdock & Provost, 1973). Cultures were coded as 0 if there 

was no centralised political authority within the culture, 1 if there was a centralised political 

authority within a local community but no political authority beyond the local community, 2 

if there was one level of political authority beyond the local community, 3 if there was two 

levels of political authority beyond the local community, and 4 if there were three or more 

levels of political authority beyond the local community. When the level of political 

complexity varied within a culture, the culture was assigned the highest observed level. 

We coded social inequality on a scale built on the classification scheme of Sahlins 

(1958). Cultures were coded as 1 if they were egalitarian, meaning there were no or minimal 

potential for wealth and/or status to be inherited between generations, 2 if they were 

moderately stratified, meaning there were inherited intergenerational differences in wealth 

and/or status but these differences were limited, not clearly delineated, or could change 

within one’s lifetime, and 3 if they were highly stratified, meaning there were 

intergenerational differences in wealth and/or status that are associated with pronounced 

differences in living standards that were clearly delineated and could not be changed within 

one’s lifetime. 

We defined the length of conversion as the number of years between the start of 

missionisation and the year by which at least half the population had converted to 

Christianity. The start of missionisation was defined as the first year in which missionaries 

arrived and made a concerted effort to gain conversions. Brief missionary trips aimed at 

researching the size of communities and their reaction to foreigners were not counted as 

attempts at missionisation. We defined the year of conversion as the year by which half of the 

population identified with a Christian denomination. When the precise year at which half of 

the population converted is not documented we assumed a linear increase in percent 

converted and estimated the year from the nearest known data points. For example, if 

demographic records indicated that 30% of the population had converted in the year 1850, 

and 60% of the population had converted in 1959, we would code the year of conversion as 

1956. 
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As a measure of population size we used demographic records to estimate the number 

of people in the culture at the mid-point between the year of first concerted missionary effort, 

and the year at which half the population had converted to Christianity. When data on the 

exact population size was not available for the year of interest, we followed the same method 

of estimation as for the length of conversion time variable. As population sizes in our sample 

were highly skewed to the lower end, and ranged in size by 6 orders of magnitude, we use the 

log 10 of the mid-point population size in all analyses (reported simply as population size 

hereafter). 

 

5.2.2. PGLS-spatial Analyses 

Standard regression methods assume that cultures are independent from one another despite 

being related through common descent and patterns of borrowing (Dow & Eff, 2008; Mace & 

Pagel, 1994). This non-independence can lead to spurious correlations. The difficulty of 

distinguishing such spurious correlations from correlations that result from actual causal 

relationships between variables has come to be known as Galton’s Problem (Atkinson, 

Latham, & Watts, 2014; Mace, Jordan, & Holden, 2003). The PGLS-spatial method 

developed by Freckelton and Jetz addresses Galton’s Problem by using a phylogeny to 

control for non-independence due to common ancestry, and geographic proximity to control 

for non-independence due to diffusion between cultures (Freckleton & Jetz, 2009). Model-

based approaches to quantify non-independence have recently been used to identify the 

effects of cultural ancestry and geography on political unrest across Indo-European speaking 

nations (Matthews, Passmore, Richard, Gray, & Atkinson, 2016), as well as the effects of 

cultural ancestry and geography on deforestation in the Pacific (Atkinson, Coomber, 

Passmore, Greenhill, & Kushnick, 2016). Here we use this PGLS-spatial method to 

simultaneously estimate the effects of social structures, cultural ancestry and spatial diffusion 

on the length of conversion. 

The PGLS-spatial method includes two co-variance matrices in the model structure, 

one providing the expected co-variance structure due to phylogenetic history and the other 

providing the expected co-variance relationships due to geographic proximity (Freckleton & 

Jetz, 2009). In order to create the covariance matrix of phylogenetic distance, we matched 

each culture in our sample to an established language-based family tree built using basic 
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vocabulary data (Gray et al., 2009) (Appendix to Chapter 5, Table 11.1 for the 

correspondence between cultural and linguistic groups). Basic vocabulary items, such as 

kinship terms, pronouns and numbers, have low rates of borrowing between languages 

making them a good marker of deep cultural history (Greenhill, Blust, & Gray, 2008). For 

each pair of cultures in the matrix the phylogenetic distance between them was calculated 

based on the distance to their most recent common ancestor in the language phylogeny. In 

order to account for phylogenetic uncertainty we ran analyses across a sample of 4,200 

phylogenetic trees drawn from the posterior distribution of a Bayesian phylogenetic analysis 

(Gray et al., 2009). Our results present mean parameter estimates across this sample of trees. 

The covariance matrix representing geographic distance was calculated using the Haversine 

formula and the longitude and latitude coordinates at the centre of the geographic region 

inhabited by each culture (see Appendix to Chapter 5, Table 11.1 for longitude and latitude 

coordinates). 

The PGLS-spatial model quantifies the proportion of variance in the dependent 

variable that can be explained due to common ancestry and spatial effects, their relative 

importance, as well as the amount of variation that can be explained by the predictor 

variables (Freckleton & Jetz, 2009). By varying the weighting of each co-variance matrix the 

model structure can be adjusted to include both phylogenetic and spatial effects, a 

phylogenetic effect without a spatial effect, a spatial effect without a phylogenetic effect, or 

neither spatial nor geographic effects. In order to test the importance of geographic and 

spatial effects on the length of conversion time we used likelihood ratio tests to compare the 

fit of each of these model structures. In the results section we present our full PGLS spatial 

model that includes all of the predictor variables, as well as bivariate PGLS spatial analyses 

for each of our predictor variables. We also tested for phylogenetic signal in our traits using 

Blomberg’s K (Blomberg, Garland, & Ives, 2003), which is reported in Table 11.2 of the 

Appendix to Chapter 5. All analyses were performed in the R Statistical Package (v. 3.2.2) (R 

Team, 2015), using a script from Frecketon and Jetz (Freckleton & Jetz, 2009), and the 

packages Ape (Paradis, Claude, & Strimmer, 2004) and phytools (Revell, 2012). 

 

5.3. Results 

We found that of the 60 cultures sampled 9 had no centralized political authority, 15 had 

political authority within the local community, 23 had one level of political authority beyond 
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the local community, 10 had 2 levels of political authority beyond the local community, and 3 

had 3 levels of political authority beyond the local community. For our variable on social 

inequality we found that 10 cultures were egalitarian, 29 had moderate social inequality, and 

21 had high levels of social inequality. Population sizes ranged from 200 to 500,000 people 

with a median of 11,000 and mean of 49,320 (SD = 87,191) people. The year of first 

concerted missionary efforts ranged from 1668 to 1950 with a median of 1874 and a mean of 

1870 (SD = 52.18) while the year of conversion ranged from 1695 to 1987 with a median of 

1915 and mean of 1906 (SD = 53.67).The length of conversion time ranged from 0 to 205 

years with a median of 25 years and a mean of 35.33 (SD = 37.75) years.  

 

The results of our full PGLS-Spatial analysis show that across the entire sample of 

4,200 trees the best fitting model was one with no phylogenetic or spatial effects (λ and φ in 

Table 5.1). This fits with the lack of clear geographic patterning in length of conversion time 

shown in Figure 5.1 and suggests that cultural ancestry and the spatial proximity of cultures 

had little effect on the length of conversion time. We found that political complexity is 

Figure 5.1. Geographic Distribution of Cultures and Length of Conversion Time. 
The bottom left hand corner represents Madagascar and the bottom left hand corner 
represents Rapa Nui (Easter Island).  
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negatively correlated with length of conversion time, indicating that more politically complex 

cultures are faster to convert to Christianity (Table 5.1). We also found that population size 

was positively correlated with the length of conversion time, indicating that larger 

populations take longer to convert (Table 5.1). However, social inequality was not found to 

significantly predict the length of conversion time (Table 5.1).  

In addition to running a PGLS spatial model that included all of our predictor 

variables, we also performed bivariate analyses to test the relationship between the length of 

conversion and each of our predictor variables in isolation (see Tables 11.3-11.5 in Appendix 

to Chapter 5 for full results). As in our full analysis, we also found no significant effect of 

phylogenetic or geographic proximity for each of our bivariate analyses. We found that 

political complexity did not significantly predict the length of conversion time when 

population size and social inequality were not controlled for (β = -7.66, p = 0.085). This 

could be because population size is positively associated with both the length of conversion 

time and political complexity, so has a suppression effect on the negative relationship 

between political complexity and length of conversion time. As in our full model, our 

bivariate analysis found no significant association between social inequality and length of 

conversion time (β = 6.95, p = 0.30). We also found that the positive association between 

population size and the length of conversion time remained significant when not controlling 

for political complexity or social inequality (β = 17.92, p = 0.001). 

Table 5.1. Predictors of length of conversion time. Results of the full PGLS-Spatial 
analysis predicting the length of conversion time. The analyses were replicated across a 
sample of 4,200 trees and the results of each replication are identical. Significance 
levels: * < .05; ** < .01; ***< .001. 

Predictor β Standard Error p-value 

Political Complexity -13.82** 4.30 0.002 

Social  Inequality 5.72 7.01 0.418 

Population Size 20.71*** 5.39 <0.001 

Intercept -37.53 20.70 0.070 

Dependency Mean p-value 

Phylogeny (λ) 0 1.00 

Spatial (φ) 0 1.00 

Independent (y) 1 - 
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5.4. Discussion 

Our findings indicate that political structures, but not social inequality, facilitated the spread 

of Christianity in Austronesia. This supports top-down, but not bottom-up, theories of 

conversion (Barnes, 1981; Deissmann, 1908; Fox, 1986; Judge, 1960). The single largest 

predictor of conversion times in study was population size, with larger populations taking 

longer to convert. This fits with the importance of population demographics in the 

transmission of cultural innovations (Bromham, Hua, Fitzpatrick, & Greenhill, 2015). Neither 

common ancestry or the geographic proximity of cultures were found to have a signficant 

effect on conversion times. This suggests that Christianity was able to rapidly spread across 

cultures with a wide range of physical environments and cultural ancestries.  

In Austronesia conversion to Christianity generally took place in the 19th century 

through the efforts of foreign missionaries and on average it took just 35 years for cultures to 

convert. The importance of political structures in this process fits with the reported practices 

of missionaries in Austronesia, such as the prolific missionary John William who “put the 

initial resources of the mission at the disposal of the most powerful chief he could win over" 

(Gilson, 1970, p. 75). The decisions of political leaders held great authority and once 

converted their broad social networks and influence facilitated conversion throughout the 

population. On Mare island in the Loyalties it took just 13 years for the culture to convert, 

largely thanks to political leaders making church attendance compulsory, encouraging 

baptism, and banning traditional religious practices (Howe, 1977). This pattern of conversion 

shows the influence that political elite hold over populations in Austronesia, mirroring the 

actions of Constantine in Ancient Rome (Fox, 1986; Judge, 1960). This suggests that instead 

of Christianity being a proletarian movement that empowered social underclasses (Barnes, 

1981; Deissmann, 1908; Marx & Engels, 1975), the rise and spread of Christianity was 

facilitated by political elites (Fox, 1986; Judge, 1960).  

It is important to note that in time even cultures with no political structuring came to 

convert to Christianity. For example, the Iban, who lived in independent longhouse 

communities with no formal political organisation, took 140 years to convert to Christianity 

despite being tolerant of and interested in missionaries (Lebar, 1972). This suggests that 

while Christianity tended to spread through a top down process, and political structures 

facilitated conversion, the success of Christianity was not strictly dependent on this method 
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of conversion. A wide range of other features of Christianity, such as having a universal 

rather than ethnocentric doctrine, a moralistic high god, and encouraging proselytization have 

also been identified as important factors in the success of Christianity (Atkinson et al., 2014; 

Norenzayan et al., 2014; Watts, Bulbulia, Gray, & Atkinson, 2016).   

Our results highlight the importance of social structures in cultural transmission. One 

way that political systems could have facilitated cultural transmission is by uniting otherwise 

separate local communities into a large and cohesive social network (Borgatti, 2006; Chen et 

al., 2001). This social network would provide the social links across which cultural 

innovations can be rapidly transmitted within a culture. Social network analysis shows how 

individuals that provide a link between otherwise separate clusters of individual are crucial 

for the transmission of traits across a population and can have the greatest influence over this 

population (Borgatti, 2006; Chen et al., 2001). Another way that political systems could 

affect cultural transmission is through the authority and prestige associated with political 

leaders (Boesch & Tomasello, 1998; Boyd & Richerson, 1985; Nunn et al., 2009). In many 

cultures political leaders cannot be challenged and their personal attributes are revered. This 

creates asymmetries of influence whereby cultural traits that are seeded to political leaders 

propagate more quickly than cultural traits that are seeded to members of lower classes 

(Boesch & Tomasello, 1998; Boyd & Richerson, 1985; Nunn et al., 2009). By specifically 

targeting political leaders for conversion, missionaries were able to use the social networks of 

leaders as well as their authority and prestige to help spread Christianity.  

Christianity has rapidly replaced the traditional religious systems of cultures 

throughout the world and grown to become the most prolific family of religions today 

(Johnson, 2013). Our findings challenge the idea that Christianity spread by empowering 

social underclasses and instead shows that political leaders facilitated its spread. This 

highlights the importance of political organisation in the spread of religious ideologies, 

something that missionaries and religious leaders have utilised and likely continue to utilize 

today.  
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6. General Discussion 

  
Religion of our conception, being thus imperfect, is always subject to a 
process of evolution and re-interpretation. 

Gandhi (1957, p. 39) 
 

Religious systems are varied, heritable and changing. These properties can be problematic for 

scholars seeking to draw broad generalisations about religion, but are precisely what makes 

the evolutionary study of religious systems so interesting and productive (David et al., 2007; 

Sosis & Alcorta, 2003). The emerging field of evolutionary religious studies has already 

generated a substantial range of theories and empirical research. These theories include 

explanations of how the various components of religions could have arisen as side effects of 

our evolved psychology (Atran & Canada, 2005; Barrett, 2000; Boyer, 2008), as well as how 

these components could have evolved into functional systems in their own right (Norenzayan 

et al., 2014; Norenzayan, 2013; Sosis & Alcorta, 2003; Wilson, 2002). In this chapter I 

highlight five promising avenues for the future development of evolutionary religious studies. 

For each of these five points I discuss the progress that scholars have already made and the 

contribution of the research presented in this thesis, and make suggestions for future 

development.  

 

6.1. Traditional Religions 

The kinds of religious systems that are common in the world today are not typical of the 

religions found throughout much of human history (Stark, 2001). Until recently people 

believed in a diverse range of religious systems that were often tied to their local ethnicity, 

were seen as compatible with other religions, focused on a range of spirits and gods, and were 

highly concerned with religious rituals and offerings (Chapter 2). Today we live in a world 

where the majority of the world’s population follows a handful of religions that offer 

universal doctrines, claim exclusive truth, and focus on the words of religious scriptures 

(Atkinson, Latham, & Watts, 2014). To understand how religion has evolved, we need to 

understand the kinds of religions that are found throughout human history.  

It is generally recognised that the majority of experimental research on religion 

focuses on the effects of modern world religions, such as Christianity, Judaism and Islam 
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(Norenzayan et al., 2014). Much of the cross-cultural literature has also focused on the effects 

of contemporary religions, but their results have not always been represented in this light 

(Johnson, 2005; Roes & Raymond, 2003). The extent to which this research can be 

generalised to the indigenous or ethnic religions is not clear (Henrich, Heine, & Norenzayan, 

2010). In order to test the generality of these findings and understand the role of religion in 

human history there is a need for empirical research on the religious systems found in 

traditional cultures.  

In this thesis I have tested the role of religion in traditional cultures by using 

comparative cross-cultural methods and data gathered from historical and ethnographic 

records. While there are plenty of qualitative resources on the religious systems of traditional 

religions, such as the Human Relations Area Files (Ember, 1997), the fact that these 

resources are not in a format that is amenable to statistical analysis limits the kinds of 

comparisons that can be made. The Pulotu database described in Chapter 2 provides an 

example of how qualitative data can be transformed into quantitative data on the kinds of 

religions that existed in traditional human societies and how this can be used to formally test 

evolutionary hypotheses of religion. It is exciting to see the recent development of other 

specialised quantitative databases, such as the newly released Database of Religious History 

(Slingerland & Sullivan, Forthcoming), and the forthcoming Seshat Global History Databank 

(Turchin et al., 2015).  Applying the comparative method to historical cultures has the 

potential to reveal broad patterns in the co-evolution of religious and social systems, and 

having databases specifically designed to test evolutionary theories of religion is a major step 

forward.  

Another approach to testing the functions of traditional religions is to run experiments 

in cultures that have retained their traditional religious systems into the present day (Henrich, 

Ensminger, et al., 2010; Purzycki et al., 2016). The challenges of this approach are that very 

few cultures have retained their traditional religious systems into the present day, and those 

that have may not be representative of traditional cultures more generally or may have 

borrowed subtly from major world religions (Henrich, Heine, et al., 2010). For example, the 

Besemah are one of the few Austronesian cultures to maintain a largely traditional religious 

system until the present day, but include borrowings from both Hinduism and Islam (Collins, 

1979). However, as historical ethnographic accounts only document the kinds of religious 

features that ethnographers were interested in, empirical research on existing traditional 

cultures is in some cases the only feasible way to get detailed information on features of 
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interest. Recent research by Purzycki et al. (2016) shows that field-based experimental 

research has the potential to provide insights into the functions of religious systems in 

existing traditional and modern cultures. This approach complements research using 

comparative historical data by providing detailed information of the mechanisms underlying 

the functionality of religions in traditional cultures.   

 

6.2. The Darker Role of Religion in Society 

Durkheim suggested that “if religion has given birth to all that is essential in society, it is 

because the idea of society is the soul of religion” (Durkheim, 1915). He also suggested that 

religions serve social functions by increasing morality and binding groups together through 

collective rituals (Durkheim, 1915). Much theory and research on the evolution of religion 

has followed the Durkheimian tradition, focusing on how prosocial features of religious 

systems can increase cooperation and cohesion within groups (Johnson & Krüger, 2004; 

Norenzayan et al., 2014; Slingerland & Sullivan, Forthcoming). While these are important 

features of religion, it is also important to recognise the darker role of religious systems in the 

evolution of human society.  

 Throughout human history religious systems have been co-opted to serve the interest 

of social elites. In Hawaii, priests and chiefs were drawn from the same noble lineages which 

claimed descent from the gods and used this to justify their rights to land, resources, and 

social authority (Valeri, 1985). Another example is King Henry the VIII who separated the 

Church of England from Roman Catholicism, making himself the supreme head of the 

church, and used the church to gather revenue to finance his lavish living and political 

interests (Bernard, 2007). The potential of religious systems to be shaped by social elites in 

ways that benefit them has long been recognised, Durkheim’s contemporary Marx being one 

of the best known proponents of this view (Marx & Engels, 1975).  

However, traits can be beneficial to both social elites and the group. In Chapter 4 I 

presented evidence that ritualised human sacrifice helped build and sustain social 

stratification in traditional Austronesian societies. Such social inequality is proposed to have 

been the foundation of leadership within early human societies (Flannery & Marcus, 2012), 

and to function as a means of coordinating group behaviours, expanding social group sizes, 

and resolving within-group conflict (David-Barrett & Dunbar, 2012; Ronay, Greenaway, 

Anicich, & Galinsky, 2012). These early forms of social leadership are thought to have been 
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the precursors to modern political systems (Flannery & Marcus, 2012). This suggests that 

features of religious systems that are not typically considered prosocial could also have 

played a functional role in the emergence of the kinds of large, complex social systems we 

live in today.  

 

6.3. Functional in What Environment?  

The functionality of a trait depends on the environment in which it occurs. Genetic traits such 

as gills can be beneficial in water, but costly on land, while sweat glands can be functional on 

land, but useless in water. Religion is generally claimed to be an adaption for human social 

systems (Durkheim, 1915; Norenzayan et al., 2014), but these social systems have changed 

dramatically over our evolutionary history (Flannery & Marcus, 2012). The social 

environments that humans have lived in include small nomadic bands, simple chiefdoms, and 

complex political states. As these social environments have changed, so too have the kinds of 

religious systems that are likely to be functional within them.  

As presented in Chapter 4 and outlined above, religious systems that facilitate social 

stratification through practices such as human sacrifice could have functioned to help build 

and maintain social stratification in traditional Austronesian societies. However, social 

inequality also comes with costs such as increasing internal conflict and reducing the 

contributions of members to groups (Andre & Baumard, 2011). When cultures have formal 

political systems in place that serve leadership functions, the cost of social inequality may 

outweigh its benefits. Consistent with this view, human sacrifice was prevalent in early 

societies in which social inequality was part of social leadership, but is scarce in modern 

societies in which leaders are democratically elected (Chapter 4).  

Conversely, the egalitarian features of Christianity are often proposed to be functional 

in modern societies because they reduce inequality, but may have inhibited the expansion of 

early human societies (Norenzayan et al., 2014). Caution is needed when making 

generalisations about the functionality of religious systems across different kinds of social 

systems. Identifying the functional features of modern world religions and projecting 

backwards is problematic because it fails to recognise how traditional religions are suited to 

meet different kinds of social challenges than those faced in the modern world. Functional 

theories of religion need to be tied to the kinds of social environments found at different 

points in human history, and built around the kinds of religions found within them.  
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6.4. Identifying Patterns of Religious Change 

Change is one of the defining features of evolution, and should be central to evolutionary 

theories of religion. In biology patterns and rates of change in organisms are used to identify 

when natural selection has occurred and which traits are serving functions (Pagel, 1994; 

Paradis, Claude, & Strimmer, 2004). History shows that religious systems are not stable 

entities, but instead, like species, are dynamic systems that undergo a number of forms of 

change. One form of change is the incremental modification that occurs within religious 

lineages through copy errors, as well as the intentional addition, reinterpretation and 

modification of doctrines or rituals. This process is analogous to anagenesis in biology, and 

an example is the mistranslation of “young woman” in Isaiah 7:14 of the Hebrew bible to 

“virgin” mother in the Greek bible (Kamesar, 1990). A second form of change is the death of 

religious traditions through an inability to gain new members, retain existing members, and 

compete with other religions. This is analogous to extinction events in biology, and an 

example is the low fertility and conversion rates of the Panacea Society cult, with the last 

member passing away in 2012 (Williams & Watts, 2014). A third form of religious change is 

the splitting of a religious tradition into two or more lineages, which can occur as a result of 

disputes over religious doctrine or practice. This is analogous to the process of cladogeneis in 

biology, and an example is the Protestant reformation. Finally, a fourth form of change within 

religious traditions occurs with the formation of syncretic religious movements, which often 

combine elements of traditional religions with those of major world religions. This is 

analogous to hybridisation in biology, with an example being the Baha’i Faith, which 

includes elements of Christianity, Islam, Hinduism and Buddhism. Evolutionary theories of 

religion vary in their ability to explain different kinds of religious change, and the predictions 

they make about it.  

 By-product accounts of religion have focused on explaining the universal features of 

human cognition that underlie supernatural beliefs and practices (Barrett, 2000; Boyer, 2002; 

Guthrie, 1993). One of the challenges with this approach is that it provides little explanation 

for why religious systems change, and why this change has converged on pro-social religions 

across a wide range of religious traditions (Norenzayan et al., 2014). Recently it has been 

proposed that morally concerned religious systems arise as a side effect of increased material 

prosperity, which can lead to less focus on basic survival needs and broader spheres of moral 

concern (Baumard & Boyer, 2013). This account focuses on a single aspect of change in 
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religious systems and predicts that moralistic religions tend to arise once a culture has 

reached an energy capture level of 25,000 kcal per capita per day, which roughly corresponds 

to when many major world religions proliferated in certain regions of India, the Middle East 

and China. However, it provides little explanation of why so many traditional Austronesian 

cultures with only basic means of subsistence believed in morally concerned ancestral spirits 

(Chapter 3), or why Austronesian cultures adopted Christianity so rapidly, in many cases 

before there had been an increase in material prosperity (Chapter 5).   

 In their recent synthesis, Norenzayan et al. (2014) provide a functional account of 

religion that incorporates a variety of forms of religious change. They propose that the 

evolution of religion has occurred through incremental shifts within religious traditions 

towards increasingly pro-social religious systems, as well as the extinction of religious 

traditions through between-group competition. The ability of this synthesis to incorporate a 

wide range of possible events is a major step forward in explaining the evolution of religion. 

However, the theory makes few testable predictions about when religious change actually 

occurs (Watts, Bulbulia, Gray, & Atkinson, 2016), “does not specify a fixed temporal 

sequence” of the relationship between religious change and social change (Norenzayan et al., 

2014), and gives more attention to the gradual process of anagenesis than the kinds of major 

splitting and extinction events that occurred in history of Austronesian religions (Chapter 5). 

One way that functional accounts of religion can improve is by explicitly recognising the 

different kind of religious change that can occur, and making testable predictions about when 

and why each form of change occurs.   

 

6.5. Expanding Methodological Approaches 

Today there are a broad range of methods used in the social sciences, including economic 

games, cross-cultural comparative methods, priming studies, agent-based modelling, 

phylogenetic methods, social networks analysis, and brain imaging studies. Each of these 

approaches has the potential to provide insights into different questions about the evolution of 

religion. Economic games have been used to identify how religion affects cooperation 

(Bulbulia & Mahoney, 2008; Sosis & Ruffle, 2004), cross-cultural comparative methods have 

been used to identify the relationships between religious and social structures (Johnson, 2005; 

Roes & Raymond, 2003), priming studies have been used to test the behavioural effects of 

religious concepts (Shariff, Willard, Anderson, & Norenzayan, 2016; van Elk et al., 2015), 

and neuroimaging studies have been used to identify the cognitive processes underlying 
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religious cognition (Kapogiannis, Barbey, Su, Krueger, & Grafman, 2009; Kapogiannis, 

Barbey, Su, Zamboni, et al., 2009).  

In this thesis I have shown the potential of phylogenetic comparative methods to 

answer questions about the co-evolution of religious and social systems in deep human 

history. Following the standard approach of cultural phylogenetics (Mace & Holden, 2005), I 

have used cultures as taxa and a phylogeny built from language data. An alternative way that 

phylogenetic comparative methods can be used to test evolutionary theories of religion is to 

treat the religious systems as the taxa, and construct a phylogeny using the historical records 

of religions (Matthews, Edmonds, Wildman, & Nunn, 2013; Matthews, 2012). This approach 

can be used to identify patterns of change in religious doctrines, but is restricted to religious 

systems with known ancestries. Phylogenetic comparative methods are able to address 

Galton’s Problem, infer patterns of change over human prehistory, and reconstruct the most 

likely ancestral states of taxa (Mace, Jordan, & Holden, 2003). 

Social network analysis involves modelling the social relationships that exist within 

populations, and provides a promising approach to understanding the functions of religion in 

the modern world (Borgatti, Mehra, Brass, & Labianca, 2009). Religion is widely claimed to 

create more cohesive and tightly bound groups (Durkheim, 1915; Norenzayan et al., 2014; 

Whitehouse & Lanman, 2014), and social network analyses can be used to identify structural 

features of social networks and patterns in the transmission of information within these 

networks. One existing study has built social networks representing the relationships between 

religious denominations, and used this to show that many religious ideologies are transmitted 

across these networks (Matthews et al., 2013). Another approach would be to use social 

networks representing the relationships between individuals to compare the structural features 

of religious and secular groups. This approach could be used to test the strength of 

relationships between individuals within a community (known as tie strength), the proportion 

of ties that individuals have inside a social network as opposed to outside (closure), and the 

degrees of separation that exist within a social network (distance) (Scott, 2012). Social 

network analysis could also be used to test for patterns in the transmission of religious beliefs 

within communities, which could reveal the precise mechanisms behind the relationship 

between political structures and conversion time found in Chapter 5 (Scott, 2012). While 

social network analysis has the potential to identify how religion affects social structures, and 

to test hypotheses about the horizontal transmission of religions in the modern world, this 
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methodological approach has currently received little attention in the field of evolutionary 

religious studies. 

The most appropriate method for studying the evolution of religion depends on the 

questions of interest, the dominant modes of cultural transmission, and the time period of 

interest. The field of evolutionary religious studies is an interdisciplinary endeavour and 

scholars have recognised the utility of using multiple methodological approaches to 

understand the evolution of religion (Norenzayan et al., 2014; Sosis & Alcorta, 2003). In this 

thesis I have shown the power of phylogenetic methods to get at questions about the 

evolution of religion in traditional cultures, and suggest that social network analysis provides 

a promising method for testing theories about the role of religion in the modern world.  

 

6.6. Conclusion 

Evolutionary theory provides a productive framework for understanding the emergence, 

function, and spread of religion. A number of promising evolutionary accounts of religious 

systems have been proposed and there has been a substantial body of research on the 

functions of major world religions. There remain numerous avenues for functional theories of 

religion to be developed and a wide range of methods available to test them. In this thesis I 

have built a quantitative database that documents the religious systems of traditional 

Austronesian cultures, tested major evolutionary theories of religion, and shown how 

phylogenetic comparative methods provide a powerful means of testing causal claims about 

the role of religion in human prehistory.  
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8. Appendix to Chapter 2: Pulotu Codebook 
 

Notes: (1) There are gaps in the numbering of variables in this version of the 
codebook. The missing variables are either currently a work in progress, or are 
part of a research project and will be made public once this research is 
published.  

 (2) Variables derived from other sources as noted in brackets next to variable 
names. SCCS denotes the Standard Cross Cultural Sample. 

 (3) Additional clarification of terms is provided in the websites glossary 
(https://pulotu.econ.mpg.de/glossary). 

 

Section 1: Indigenous Time Focus 

 

v1. Indigenous State Time Focus 

A time focus is the period of time to which information about a culture is applicable. Ideally, 
this section of the coding sheet should describe the culture as it was immediately prior to 
contact with cultures practising word religions (such as Christianity, Hinduism, and Islam). 
For islands with a long history of contact with the outside world, this may not be practicable 
– in cases such as these, the time focus should be the earliest period at which the culture can 
be reconstructed with a fair degree of certainty from ethnographic sources. The time focus 
should be stated in the form of a time interval of twenty-five years’ duration, e.g. 1875-1900. 

[Year range] 

(?) Missing data 

v2. Number of islands inhabited by culture 

(1) One 
(2) Two 
(3) Three 
(4) Four of more 

(?) Missing data 

v3. Distance to closest landmass inhabited by a different culture (km) 

NOTE 1: A different culture, for the purposes of this coding sheet, is any culture other than 
the culture being coded. NOTE 2: The distance stated should be a minimum distance. For 
example, if the culture being coded occupied an archipelago, and the nearest other culture 
occupied an archipelago located to directly to the east, the distance given should be the 
distance from the easternmost island of the western archipelago to the westernmost island of 
the eastern archipelago. NOTE 3: If there was a different culture living on the same island, 
code this distance as “0”. 

https://pulotu.econ.mpg.de/glossary


96 
	

[Distance in km] 

(?) Missing data 

v4. Distance to African or Asian mainland (km) 

State minimum distance of whichever landmass was closest 

[Distance in km] 

(?) Missing data 

v5. Latitude of culture’s location on the island with the largest culture population 
(decimal degrees to one decimal place) 

Positive for northern latitudes and negative for southern latitudes. If the culture occupied a 
large area, use the central point of this area. (Of island with largest population of culture or 
largest island if unknown) 

[Latitude in decimal degrees] 

(?) Missing data 

v6. Longitude of culture’s location on the island with the largest culture population 
(decimal degrees to one decimal place) 

Positive for eastern longitudes and negative for western longitudes. If the culture occupied a 
large area, use the central point of this area. (Of island with largest culture population or 
largest island if unknown) 

[Longitude in decimal degrees] 

(?) Missing data 

v7. Island type (island with largest culture population or largest island if unknown) 

Only one of these options can be selected. If more than one of these processes was involved 
in the formation of the island, please code the most process that is most representative. 

(1) Atoll (an oceanic low island of coral origin, e.g. Ulithi) 
(2) Volcanic high island (an oceanic island of volcanic origin, e.g. Hawaii) 
(3) Tectonic (an oceanic island formed by tectonic uplift, e.g. Macquarie Island) 
(4) Continental island (an island situated on a continental shelf, e.g. Taiwan) 

(?) Missing data 

v8. Island Size (km²) 

Include any bodies of fresh water such as lakes, but do not include saltwater bodies such as 
lagoons. Consider atolls made up of smaller islets to be one island. (Of island with largest 
population of culture or largest island if unknown) 

[Are in km2] 

(?) Missing data 

v9. Maximum elevation (meters) 
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(Of island with largest population of culture or largest island if unknown) 

[Elevation in meters] 

(?) Missing data 

v10. Estimate of culture population size 

[Population] 

(?) Missing data 

v11. Estimated population of largest political community  

A political community can be defined as a group of people sharing a common jurisdiction, or 
if no defined leadership is present as a group that makes important decisions by consensus on 
a regular basis. The largest such group situated wholly within the culture, or dominated 
politically by people from within the culture, should be coded. 

(1) 99 or fewer 
(2) 100-999 
(3) 1,000-9,999 
(4) 10,000-99,999 
(5) 100,000 or more 

(?) Missing data 

v14. (No) conflict (social or political) within the local community (SCCS v 767) 

(VARIABLE LABEL REVERSED) Conflict within the local community can include both 
interpersonal and intergroup conflict. Only conflict that poses a realistic threat to the 
cohesiveness of the community should be considered conflict for our purposes. 

(1) Endemic (Conflict is frequent, is often violent, and is a pervasive aspect of daily life, 
e.g. feuding). 

(2) High (Conflict is frequent and often violent, but is not a pervasive aspect of daily 
life.) 

(3) Moderate (Conflict occurs frequently but is seldom violent, or is violent but occurs 
only occasionally.) 

(4) Low (Conflict seldom occurs, and is almost never violent.) 

(?) Missing data 

v15. (No) internal warfare (between communities of the same society) (SCCS v 773) 

(VARIABLE LABEL REVERSED) For the purposes of coding, internal warfare is warfare 
(i.e. lethal conflict between two or more groups of people) that takes place above the 
community level, but within the culture being coded. Thus warfare between two villages 
belonging to the same culture, or between two political communities (consisting of multiple 
villages) belonging to the same culture would be considered internal. 

(1) Frequent, occurring at least yearly 
(2) Common, at least every five years 
(3) Occasional, at least every generation 
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(4) Rare or never 

(?) Missing data 

v16. (No) external warfare (with other societies) (SCCS v 774) 

(VARIABLE LABEL REVERSED) For the purposes of coding, external warfare is warfare 
(i.e. lethal conflict between two or more groups of people) between members of the culture 
being coded and any group that is not considered part of the culture being coded. In larger 
cultures, the frequency of external warfare is likely to vary between subgroups. In cases such 
as this, the frequency that is typical for most political communities within the culture should 
be coded. 

(1) Frequent, occurring at least yearly 
(2) Common, at least every five years 
(3) Occasional, at least every generation 
(4) Rare or never 

(?) Missing data 

v17. (Low) contact with other societies (SCCS v 787) 

(VARIABLE LABEL REVERSED) For the purposes of coding, contact with other societies 
is direct or indirect contact between one or more members of the culture being coded and one 
or more members of another culture. In larger cultures, the frequency of contact with other 
societies may vary between subgroups. In cases such as this, the frequency that is typical for 
most political communities within the culture should be coded. 

(1) Frequent, through trade, warfare, travel, etc. (e.g. yearly or most years) 
(2) Occasional but not often (e.g. once in a generation) 
(3) Rare or never (less than once in a generation) 

(?) Missing data 

v19. Pre-Austronesian population 

Based on Bellwood, Fox and Tryon (1995, p 109). Unless contrary evidence has come to 
light since 1995, all areas west of this line except for Madagascar should be coded as (2), and 
all areas east of the line should be coded as (0). 

(0) Absent: No evidence of human occupation prior to Austronesian settlement 
(1) Possible: Disputed / ambiguous evidence of human occupation prior to Austronesian 

settlement 
(2) Present: Clear evidence of human occupation prior to Austronesian settlement 

(?) Missing data 

v20. Hindu / Buddhist influence on supernatural belief 

Based on Cribb (2000). 

(0) No evidence of influence and not in region of known contact (No evidence of Hindu / 
Buddhist influence on supernatural belief, and culture is unlikely to have had contact 
with Hindu or Buddhist societies at or prior to to the time focus in question.) 
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(1) No evidence of influence but in a region where contact is likely (No evidence of 
Hindu / Buddhist influence on supernatural belief, but culture is likely to have had 
contact with Hindu or Buddhist societies at or prior to the time focus in question.) 

(2) Evidence of influence (Evidence of Hindu / Buddhist influence on supernatural 
belief.) 

(?) Missing data 

v21. Islamic influence on supernatural belief 

Based on Cribb (2000). 

(0) No evidence of influence and not in region of known contact (No evidence of Islamic 
influence on supernatural belief, and culture is unlikely to have had contact with 
Islamic societies at or prior to the time focus in question.) 

(1) No evidence of influence but in a region where contact is likely (No evidence of 
Islamic influence on supernatural belief, but culture is known to have had (or is likely 
to have had) contact with Islamic societies at or prior to the time focus in question.) 

(2) Evidence of influence (Evidence of Islamic influence on supernatural belief.) 

(?) Missing data 

v22. Christian influence on supernatural belief 

(0) No evidence of influence and not in region of known contact (No evidence of 
Christian influence on supernatural belief, and culture is unlikely to have had contact 
with Christian societies at or prior to the time focus in question.) 

(1) No evidence of influence but in a region where contact is likely (No evidence of 
Christian influence on supernatural belief, but culture is known to have had (or is 
likely to have had) contact with Christian societies at or prior to the time focus in 
question.) 

(2) Evidence of influence (Evidence of Christian influence on supernatural belief.) 

(?) Missing data 

v24. Agriculture / Horticulture 

Agriculture and horticulture refer to the cultivation of plants for food or other uses. In many 
parts of the Pacific, important food plants such as bananas and coconuts are cultivated but 
also gathered from the wild. Coders should try to identify which of these processes is 
operating, and to what extent, before coding. 

(0) Absent (not practiced in the culture, or practiced but not a food source) 
(1) Minor (forms a relatively insignificant part of diet) 
(2) Medium (a significant food source, but not one of the most important sources of food) 
(3) Major (one of the most important sources of food) 
(4) Principal (more important than any other source of food) 

(?) Missing Data 
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v25. Land-based gathering 

Gathering is defined as the collection, as opposed to hunting, of wild foods. These foods can 
include parts of plants (e.g. fruits, nuts, roots), fungi, eggs, and small inverterbrates (e.g. 
insects, grubs, worms). Gathering does not include harvesting of fruit or nuts from trees that 
have been deliberately cultivated – this should instead be coded under “agriculture / 
horticulture”. 

(0) Absent (not practiced in the culture, or practiced but not a food source) 
(1) Minor (forms a relatively insignificant part of diet) 
(2) Medium (a significant food source, but not one of the most important sources of food) 
(3) Major (one of the most important sources of food) 
(4) Principal (more important than any other source of food) 

(?) Missing Data 

v26. Animal husbandry as a source of food 

Animals can be considered domestic if they are dependent, to an extent, on human care. 
Animals that were originally domestic but have become wild (e.g. feral pigs) should be coded 
under the hunting category. 

(0) Absent (not practiced in the culture, or practiced but not a food source) 
(1) Minor (forms a relatively insignificant part of diet) 
(2) Medium (a significant food source, but not one of the most important sources of food) 
(3) Major (one of the most important sources of food) 
(4) Principal (more important than any other source of food) 

(?) Missing Data 

v27. Land-based hunting performed by individuals 

For the purposes of this question and the next, hunting can be considered the killing of 
vertebrates for food. Invertebrates such as crabs and insects should be coded under the 
gathering category. Ethnographic literature is not always clear about whether individual or 
group hunting strategies are used. In cases of uncertainty, an educated guess should be made 
if possible. For example, small animals such as birds can be hunted by individuals, but large 
animals such as pigs usually require group hunting strategies. 

(0) Absent (not practiced in the culture, or practiced but not a food source) 
(1) Minor (forms a relatively insignificant part of diet) 
(2) Medium (a significant food source, but not one of the most important sources of food) 
(3) Major (one of the most important sources of food) 
(4) Principal (more important than any other source of food) 

(?) Missing Data 

v28. Land-based hunting performed by one or more groups Absent (not practiced in the 
culture, or practiced but not a food source) 

(0) Minor (forms a relatively insignificant part of diet) 
(1) Medium (a significant food source, but not one of the most important sources of food) 
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(2) Major (one of the most important sources of food) 
(3) Principal (more important than any other source of food) 

(?) Missing Data 

v29. Water-based gathering  

For the purposes of this question, water-based gathering can be considered the collection of 
marine or freshwater plant foods (e.g. seaweed) and of small invertebrates such as shellfish 
and crustaceans. 

(0) Absent (not practiced in the culture, or practiced but not a food source) 
(1) Minor (forms a relatively insignificant part of diet) 
(2) Medium (a significant food source, but not one of the most important sources of food) 
(3) Major (one of the most important sources of food) 
(4) Principal (more important than any other source of food) 

(?) Missing Data 

v30. Fishing and water-based hunting performed by individuals  

Fishing includes the harvesting of true fish as well as large, motile invertebrates such as 
octopus and squid. Water-based hunting involves marine or aquatic mammals (e.g. seals, 
dolphins), birds (e.g. ducks), amphibians (e.g. frogs) or reptiles (e.g turtles). Opportunistic 
feeding on beached whales etc. does not belong in this category, but rather under gathering. 
As with hunting, it is not always clear in the ethnographic literature whether individual or 
group fishing strategies are being used. In these cases, an educated guess should be made if 
possible. For example, nearshore fishing can be carried out by individuals, but deepwater 
fishing usually requires a group approach. 

(0) Absent (not practiced in the culture, or practiced but not a food source) 
(1) Minor (forms a relatively insignificant part of diet) 
(2) Medium (a significant food source, but not one of the most important sources of food) 
(3) Major (one of the most important sources of food) 
(4) Principal (more important than any other source of food) 

(?) Missing Data 

v31. Fishing and water-based hunting performed by one or more groups 

(0) Absent (not practiced in the culture, or practiced but not a food source) 
(1) Minor (forms a relatively insignificant part of diet) 
(2) Medium (a significant food source, but not one of the most important sources of food) 
(3) Major (one of the most important sources of food) 
(4) Principal (more important than any other source of food) 

(?) Missing Data 

v32. Trade / wage labour as a source of food 

(0) Absent (not practiced in the culture, or practiced but not a food source) 
(1) Minor (forms a relatively insignificant part of diet) 
(2) Medium (a significant food source, but not one of the most important sources of food) 
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(3) Major (one of the most important sources of food) 
(4) Principal (more important than any other source of food) 

(?) Missing Data 

v35. Belief that forces of nature (eg. winds, tides, seasons, day and night) are controlled 
by or imbued with the supernatural 

(0) Absent 
(1) Present 

(?) Missing data 

v37. Belief in nature spirits 

A nature spirit is a supernatural agent of non-human origin, who is not considered to be an 
ancestor, who has a narrow sphere of influence and concern, and who (a) is embodied in a 
particular feature of the natural world or natural phenomenon and is seldom or never 
encountered in any other form, and / or (b) resides in a particular natural landscape or type of 
natural landscape, and is seldom encountered anywhere else. 

(0) Absent (do not feature in the belief system of the culture) 
(1) Present, but not a major focus of supernatural practice 
(2) Present, and a major focus of supernatural practice 
(3) Present, and the principal focus of supernatural practice 

(?) Missing data 

v38. Belief in nature god(s) 

A nature god is a supernatural agent of non-human origin, who is not considered to be an 
ancestor, who has a broad sphere of influence and concern, and who (a) is embodied in a 
particular feature of the natural world or natural phenomenon and is seldom or never 
encountered in any other form, and / or (b) resides in a particular natural landscape or type of 
natural landscape, and is seldom encountered anywhere else.  

(0) Absent (do not feature in the belief system of the culture) 
(1) Present, but not a major focus of supernatural practice 
(2) Present, and a major focus of supernatural practice 
(3) Present, and the principal focus of supernatural practice 

(?) Missing data 

v39. Belief in ancestral spirits 

An ancestral spirit is the spirit of a deceased ancestor who was once a human or other 
corporeal being and continues to influence the lives of his or her living descendants. Unlike 
deified ancestors, ancestral spirits have a narrow sphere of influence and concern (usually 
confined to a single family), and are usually, though not always, the spirits of those who lived 
in the recent past. 

(0) Absent (do not feature in the belief system of the culture) 
(1) Present, but not a major focus of supernatural practice 
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(2) Present, and a major focus of supernatural practice 
(3) Present, and the principal focus of supernatural practice 

(?) Missing data 

v40. Belief in deified ancestor(s) 

A deified ancestor is the spirit of a human or other corporeal being, ancestral to at least a 
subset of people within the culture, who acquired godlike powers after death. Unlike 
ancestral spirits, deified ancestors have broad spheres of influence and concern (extending 
beyond single families to larger units such as tribes and societies), and are usually, though not 
always, believed to have lived in the distant past.  

(0) Absent (do not feature in the belief system of the culture) 
(1) Present, but not a major focus of supernatural practice 
(2) Present, and a major focus of supernatural practice 
(3) Present, and the principal focus of supernatural practice 

(?) Missing data 

v41. Belief in culture hero(es) 

A culture hero can be defined as (a) a human, or some other corporeal being, who had 
godlike powers while living and whose actions explain the presence of a particular feature of 
the physical or social world, and / or (b) the spirit of any such being. Culture heroes are 
usually, but not always, believed to have lived in the distant past. Some culture heroes are 
also deified ancestors.  

(0) Absent (do not feature in the belief system of the culture) 
(1) Present, but not a major focus of supernatural practice 
(2) Present, and a major focus of supernatural practice 
(3) Present, and the principal focus of supernatural practice 

(?) Missing data 

v42.Belief in God(s) 

A god is a supernatural agent with a broad sphere of influence and concern, who is not 
restricted to any one physical form or geographical area, and is not believed to have 
originated as a human or other corporeal being.  

(0) Absent (do not feature in the belief system of the culture) 
(1) Present, but not a major focus of supernatural practice 
(2) Present, and a major focus of supernatural practice 
(3) Present, and the principal focus of supernatural practice 

(?) Missing data 

v44. Belief in supernatural punishment for impiety 

Impiety is behaviour that is directly offensive to gods or other supernatural agents – examples 
might include blasphemy, desecration of a sacred site, or failing to carry out rituals correctly. 

(0) Absent 
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(1) Present 

(?) Missing data 

v46. Belief that one's actions while living can affect the nature of one's afterlife 

(0) Absent (Actions while living do not affect the nature of one’s afterlife) 
(1) One factor in determining one's afterlife (Actions while living are one factor in 

determining the nature of one's afterlife) 
(2) Principal determinant of one's afterlife (Actions while living are the principal 

determinant of the nature of one’s afterlife) 

(?) Missing data 

v47. Belief that the actions of others after one has died (e.g. funeral rites) can affect the 
nature of one's afterlife Absent (Actions of others after one has died do not affect nature 
of one’s afterlife) 

(0) One factor in determining one's afterlife (Actions of others after one has died are one 
factor in determining the nature of one’s afterlife) 

(1) Principal determinant of one's afterlife (Actions of others after one has died are the 
principal determinant of the nature of one’s afterlife) 

(?) Missing data 

v48. Myth of man's creation 

(0) Absent 
(1) Present, and evolutionary (man came from some other form of life) 
(2) Present, and creationist (man was created by some agent in the same form as he is 

today) 

(?) Missing data 

v49. Myth of a primordial pair 

A primordial pair is a male-female pair of supernatural beings who were present at the 
beginning of the world and are believed to be the parents of the gods and/or of the human 
race. 

(0) Absent 
(1) Present, and genealogically linked to humans now living 
(2) Present, and genealogically distinct from humans 

(?) Missing data 

v51. Social hierarchy tapu 

A tapu that mandates or forbids certain behaviours between people of differing social status. 

(0) Absent 
(1) Present 

(?) Missing data 
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v52. Kinship tapu 

A tapu that mandates or forbids certain behaviours between biological or classificatory 
relatives 

(0) Absent 
(1) Present 

(?) Missing data 

v53. Resource management tapu 

A tapu that protects, either permanently or temporarily, an important communally-owned 
resource 

(0) Absent 
(1) Present 

(?) Missing data 

v56. Mana related to social influence or technical skill 

e.g. mana means “prestige” Please provide a brief description in the Coder's Notes section. 

(0) Absent 
(1) Present 

(?) Missing data 

v57. Mana as a spiritual or religious concept 

e.g. mana means “favoured by the gods”. Please provide a brief description in the Coder's 
Notes section. 

(0) Absent 
(1) Present 

(?) Missing data 

v58. Mana as a personal quality 

In the culture in question, does it make sense to describe a person or other agent as being 
mana / having mana?  

(0) Absent (skip questions 59 & 60) 
(1) Present 

(?) Missing data 

v59. Mana and social status 

(1) Unrelated (Mana is unrelated to social status.) 
(2) Moderately associated (Mana is associated with social status, but high social status is 

not necessary in order to be mana or have mana.) 
(3) Tightly coupled (Mana is closely linked to social status – only people with high social 

status can be mana or have mana.) 
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(?) Missing data 

v60. Mana linked to genealogy 

Does descent have a bearing on whether someone is or has mana? 

(0) Absent 
(1) Present, linked to paternal lines only 
(2) Present, linked to maternal lines only 
(3) Present, linked to both paternal and maternal lines 

(?) Missing data 

v61. Political and religious differentiation (SCCS v 757) 

(1) Considerable overlap between religious and political leaders (Most religious leaders, 
or the most prominent religious leaders, are also political leaders) 

(2) Some overlap (Some religious leaders, but not the most prominent religious leaders, 
are also political leaders, or religious and political leaders are distinct but political 
leaders exert considerable influence on religious leaders) 

(3) No overlap (Religious leaders are distinct from, and independent from, political 
leaders) 

(?) Missing data 

v63. Headhunting 

Headhunting is the practice of killing people for the sole or primary purpose of obtaining 
their heads.  

(0) Absent 
(1) Present, but not motivated by supernatural belief 
(2) Present, and motivated at least in part by supernatural belief 

(?) Missing data 

v64. Costly sacrifices and offerings 

Costly sacrifices and offerings are defined as the presentation of an object of more-than-
trivial value to a supernatural agent, which involves the forfeiting of that object, or a valuable 
part of that object, for any further use. Costly sacrifices and offerings may involve inanimate 
objects or living beings, but for our purposes human sacrifices should be excluded from this 
category. Funeral practices which invoke the destruction of the property of the deceased or 
the burial of valuable objects with the deceased should be included in this category, but only 
if there is an explicit or clearly implied belief that the objects will benefit the deceased in 
some way in the afterlife. 

(0) Absent 
(1) Present 

(?) Missing data 
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v65. Size of largest ritual social group 

A ritual social group is a group of people that (a) are under the same religious authority, or 
(b) conduct religious rituals together on a regular basis. 

(1) Household or smaller 
(2) Larger than a household, no larger than the local community (e.g. village) 
(3) Larger than a local community, no larger than the largest political community in the 

culture 
(4) Larger than the largest political community in the culture 

(?) Missing data 

v66. Tattooing 

(0) Absent from culture 
(1) Present in culture, but not as a rite or feature of a rite 
(2) Present in the culture as a rite or feature of a rite 

(?) Missing data 

v67. Scarification 

Scarification must involve deliberately inflicted permanent scarring, not superficial cutting.  

(0) Absent from culture 
(1) Present in culture, but not as a rite or feature of a rite 
(2) Present in the culture as a rite or feature of a rite 

(?) Missing data 

v68. Piercing 

(0) Absent from culture 
(1) Present in culture, but not as a rite or feature of a rite 
(2) Present in the culture as a rite or feature of a rite 

(?) Missing data 

v69. Genital Cutting 

(0) Absent from culture 
(1) Present in culture, but not as a rite or feature of a rite 
(2) Present in the culture as a rite or feature of a rite 

(?) Missing data 

v70. Tooth Pulling 

(0) Absent from culture 
(1) Present in culture, but not as a rite or feature of a rite 
(2) Present in the culture as a rite or feature of a rite 

(?) Missing data 

v105. Importance of Patrilateral descent 
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(1) Low (Patrilateral descent plays little or no role in determining social status and / or 
group membership.) 

(2) Medium (Patrilateral descent plays an important role in determining social status and / 
or group membership, but is not the most important form of descent.) 

(3) High (Patrilateral descent plays an important role in determining social status and / or 
group membership, and is more important than any other form of descent.) 

(?) Missing Data 

v106. Importance of Matrilateral descent 

(1) Low (Matrilateral descent plays little or no role in determining social status and / or 
group membership.) 

(2) Medium (Matrilateral descent plays an important role in determining social status and 
/ or group membership, but is not the most important form of descent.) 

(3) High (Matrilateral descent plays an important role in determining social status and / or 
group membership, and is more important than any other form of descent.) 

(?) Missing Data 
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Section 2: Post-contact history 

 

v71. Loss of autonomy during postcontact period 

(1) Low (The cultural remained politically autonomous throughout the post-contact 
period.) (Skip to Q.71) 

(2) Medium (The culture maintained some political autonomy throughout the post-
contact period, but on at least one occasion during the post-contact period the culture 
entered into a political relationship with a foreign power that involved some loss of 
autonomy.) 

(3) High (On at least one occasion during the post-contact period, the culture came under 
the political dominance of a foreign power, and this event resulted in considerable 
loss of autonomy.) 

(?) Missing data 

v72. Nature of loss of autonomy – voluntary vs. forced 

Was autonomy ceded voluntarily or by force? If autonomy was lost more than once and 
differing levels of force were involved, please code the highest level of force used. 

(1) Largely voluntary (Autonomy was ceded either voluntarily or as a result of pressure 
from other members of the same culture, without the threat of external force being 
necessary.) 

(2) Partly voluntary (e.g. Autonomy was ceded voluntarily but under duress; some 
communities ceded their autonomy voluntarily but others were forced to do so by an 
foreign power.) 

(3) Largely involuntary (autonomy was lost largely as a result of external force) 

(?) Missing data 

v73. Replacement-level immigration 

Replacement-level immigration, for the purposes of coding, is migration of people from non-
indigenous cultures (i.e. cultures that were not originally present in the area) into the ancestral 
territory of the culture being coded, at such a level that the cultural demographics of the area 
were changed substantially. “Immigrant population”, in this case, refers both to immigrants 
from another culture and to their descendants, but excludes those who became absorbed into 
the indigenous population through intermarriage or acculturation. 

(0) Absent (Replacement-level immigration did not occur – an immigrant culture was 
never present in the area, or was present but had a population size less than 10% of 
that of the indigenous culture.) 

(1) Low (Replacement-level immigration occurred. The immigrant culture had a 
population size more than 10% of that of the indigenous culture at one time or 
another, but this figure never exceeded 50%.) 

(2) Medium (Replacement-level immigration occurred. The immigrant culture had a 
population size more than 50% of that of the indigenous population at one time or 
another, but this figure never exceeded 100%.) 
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(3) High (Replacement-level immigration occurred. At one time or another during the 
post-contact period the immigrant culture had a population size more than 100% of 
that of the indigenous population.) 

(?) Missing data 

v74. Language shift 

(1) Low (The indigenous language remained the sole or primary means of 
communication for most of the indigenous population for the duration of the post-
contact period.) 

(2) Medium (The indigenous language remained an important means of communication 
for the duration of the post-contact period, but at one time or another the indigenous 
population used a non-indigenous language to roughly the same extent.) 

(3) High (At one time or another during the post-contact period, a foreign language 
became the sole or primary means of communication for most of the indigenous 
population.) 

(?) Missing data 

v75. Foreign education systems 

i.e. education systems not indigenous to the culture 

(1) Low (At no time during the post-contact period did more than 25% of indigenous 
children receive a basic non-indigenous education.) 

(2) Medium (At one time or another during the post-contact period over 25% of 
indigenous children received at least a basic non-indigenous education, but this figure 
never exceeded 75%.) 

(3) High (At one time or another during the post-contact period over 75% of children 
received some at least a basic non-indigenous education.) 

(?) Missing data 

v76. Foreign government systems 

A foreign government system need not imply political dominance by foreigners. A country 
may be politically independent and be governed by indigenous people, but have a system of 
government that is of foreign origin. 

(1) Absent (At no time during the post-contact period was the culture subject to a foreign 
government system.) 

(2) Present, but of low importance (At one time or another during the post-contact period, 
the culture was subject to a foreign government system, but this government system 
never controlled most important decisions.) 

(3) Present, and of high importance (At one time or another during the post-contact 
period the culture was subject to a foreign government system that controlled most 
important decisions.) 

(?) Missing data 

v77. Changes in means of subsistence 
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Means of subsistence can incorporate new features (e.g. new technologies) without being 
fundamentally changed. 

(2) Low (Principal and major means of subsistence have not changed from their 
indigenous states.) 

(3) Medium (Principal and major means of subsistence have changed from their 
indigenous states (e.g. through gain or loss of major and / or principal means of 
subsistence), but at least one of the major or principal means of subsistance has 
persisted.) 

(4) High (No indigenous means of subsistence has remained major or principal.) 

(?) Missing Data 

v79. Exportation of goods to other cultures 

(2) Absent (Exports were never part of the local economy.) 
(3) Present but minor (At one time or another exports were part of the local economy, but 

were never a primary focus of economic activity for more than 10% of the population 
.) 

(4) Present and substantial (At one time or another during the post-contact period, exports 
were a primary focus of economic activity for over 10% of the population.) 

(?) Missing data 

v80. Vehicles and roads 

For the purposes of coding, motor vehicles are not considered to include boats. 

(0) Absent (At no time during the post-contact period did most members of the culture 
have access either to roads or motor vehicles.) 

(1) Present but rarely used (At no time during the post-contact period were motor 
vehicles used by a substantial portion of the population, but at one time or another 
most members of population had access to roads suitable for motor vehicles.) 

(2) Present and widely used (At one time or another during the post-contact period, motor 
vehicles were used by a substantial proportion of the population.) 

(?) Missing data 

v81. Sea port 

i.e. a wharf that can dock large foreign ships 

(0) Absent (At no time during the post-contact period did most members of the culture 
have access to a sea port.) 

(1) Present (At one time or another during the post-contact period most members of the 
culture had access to a sea port.) 

(?) Missing data 

v82. Air travel 

(0) Absent (At no time during the post-contact period did most members of the culture 
have access to an airport or airstrip.) 
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(1) Present, local only (At no time during the post-contact period did most members of 
the culture have access to international air travel, but at one time or another most 
members of the culture had access to domestic air travel.) 

(2) Present and long-distance (At one time or another, most members of the culture had 
access to international air travel.) 

(?) Missing data 

v83. Adoption of a world religion 

Did a substantial proportion of the indigenous population adopt a world religion?  

(0) Absent or minimal (At no time during the post-contact period did more than 5% of the 
indigenous population practice a world religion.) (Skip to Q.87) 

(1) Present but minor (At one time or another during the post-contact period more than 
5% of the indigenous population practiced a world religion, but this figure never 
exceeded 25%.) 

(2) Present and major (At one time or another during the post-contact period more than 
25% of the indigenous population practiced a world religion, but this figure never 
exceeded 75%.) 

(3) Present and predominant (At one time or another during the post-contact period, at 
least 75% of the indigenous population practiced a world religion.) 

(?) Missing data 

v84. Resident missionary involvement in conversion process 

Did resident foreign missionaries play a significant role in the conversion process?  

(0) Absent (Foreign missionaries played no role, or only a minimal role, in the conversion 
process.) 

(1) Present, and from Austronesian societies only (Foreign missionaries played an 
important role in the conversion process, but these missionaries were from other 
Austronesian societies only.) 

(2) Present, and from non-Austronesian societies (Foreign missionaries, at least one of 
whom was from a non-Austronesian society, played an important role in the 
conversion process.) 

(?) Missing data 

v85. Use of force in conversion 

Was a religion imposed on the culture by a colonial government / external cultural body? If 
more than one conversion took place involving varying levels of force, please code the 
highest level of force used.  

(1) Low (most communities adopted the new religion either voluntarily or due to pressure 
from other communities of the same culture) 

(2) Medium (e.g force was threatened or implied during the conversion process; some 
communities agreed to conversion but others were forced to convert) 

(3) High (most communities were forced to convert) 
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(?) Missing data 

v86. Was a foreign religion adopted through a top-down (those high in the social 
hierarchy converted first, followed by the general population) or a bottom-up (the 
general population converted first, followed by those high in the social hierarchy) 
process? 

(1) Primarily a top-down process. 
(2) Primarily a top-down process, although inroads had already been made with the 

general population. 
(3) Mixed / Neither (e.g. Both high-status individuals and the general population 

converted at the same time, or the religion was adopted through a mixture of top-
down and bottom-up processes.) 

(4) Primarily a bottom-up process, although those in power showed little or no reluctance. 
(5) Primarily a bottom-up process. 

(?) Missing data 

v89. Syncretic religious movements 

A syncretic religious movement, for the purposes of coding, is an organised religious group 
that integrates features of an indigenous religion and one or more world religions.  

(0) Absent 
(1) Present, but did not survive to the present-day 
(2) Present, and survived to the present day 

(?) Missing Data 

  



114 
	

Section 3: Current Time Focus 

 

v90. Current Time Focus 

The current state coding sheet should describe the culture as it is at or around the time of 
coding. The time focus, then, should be as recent and narrow as is practical. This can be 
stated in the form of a calendar year or an interval, e.g. (2000-2010). 

[Year] 

(?) Missing data 

v91. World Religions 

What proportion of the indigenous population follows a world religion? 

(0) Absent or minimal (Less than 5% of the indigenous population follows a world 
religion.) 

(1) Present but minor (Between 5% and 25% of the indigenous population follows a 
world religion.) 

(2) Present and major (Between 25% and 75% of the indigenous population follows a 
world religion.) 

(3) Present and predominant, indigenous religion still practiced (Over 75% of the 
indigenous population follows a world religion, but the indigenous religion is still 
practiced by some members of the culture.) 

(4) Present and predominant, indigenous religion no longer practiced (Over 75% of the 
indigenous population follows a world religion, and the indigenous religion is no 
longer practiced.) 

(?) Missing data 

v92. Dominant world religion 

(1) Christianity 
(2) Islam 
(3) Hinduism / Buddhism 
(4) Other 

(?) Missing data 

v93. Religious Syncretism – Institutional 

Syncretism, for our purposes, is the fusion of features from the indigenous religion of the 
culture with features from one or more world religions. Institutional syncretism is syncretic 
belief and / or practice that occurs within or is explicitly endorsed by a religious institution, 
e.g. a church. Only syncretic beliefs and / or practices that survived to the present day or 
recent past should be considered. 

(1) Low (The indigenous and world religion (s) have borrowed little from one another.) 
(2) Medium (The indigenous and world religion(s) have remained distinct, but one or 

both has borrowed substantially from the other.) 
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(3) High (A new religion has formed which incorporates concepts and / or practices from 
both the indigenous and foreign religions.) 

(?) Missing data 

 

v94. Syncretism – Unofficial 

Syncretism, for our purposes, is the fusion of features from the indigenous religion of the 
culture with features from one or more world religions. Unofficial syncretism is syncretic 
belief and / or practice that occurs outside of a religious institution and is not explicitly 
endorsed by that institution. Only syncretic beliefs and / or practices that survived to the 
present day or recent past should be considered. 

(1) Low (Most people draw a clear distinction between the indigenous religion and the 
world religion (s), and do not combine indigenous and non-indigenous religious 
elements.) 

(2) Medium (Most people draw a clear distinction between the indigenous religion and 
the world religion (s), but combine indigenous and non-indigenous religious 
elements.) 

(3) High: (Most people do not draw a clear distinction between the indigenous religion 
the world religion, and combine indigenous and non-indigenous religious elements.) 

(?) Missing data 
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9. Appendix to Chapter 3: Supplementary data and results 

 

9.1. Supplementary Tables 

Table 9.1. Sources and cultural data for political complexity, moralizing high gods, and 

supernatural punishment. For all variables 0 = absent, 1 = present. Language identification 

number within the Austronesian Basic Vocabulary Database (ABVD) is provided along with 

the ethnographic references used. 
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409 Agta 0 0 1 Rahmann & Maceda (1955), & 
Headland (1987) 

253 Anuta 0 0 0 Feinberg (1980), 
Feinberg (1995), 
Feinberg (2004),  
Firth (1954), &  
Yen & Gordon (1973) 

42 Atoni 1 0 1 Cunningham (1965),  
Cunningham (1967),  
Schulte Nordholt (1971), &  
Cunningham (1964) 

208 Eastern Toraja 0 0 1 Adriani & Kruyt (1970), &  
Downs (1956); 

45 Berawan 0 0 1 Huntington & Metcalf (1979), 
Metcalf (Metcalf, 1982), & 
Metcalf (Metcalf, 1989) 

106 Biak-Numfor 0 0 0 Ellen (1986), 
Kamma (1972), 
Galis (1961), & 
Van Baaren (1968) 

17 Bonerate 0 0 0 Broch (1996),  
Broch (1980), & 
Broch (1990) 

36 Bontok 0 1 0 Lebar (1972),  
Ferrell (1969), 
McGovern (1922),  
Ishi (1917), &  
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Jenks (2005) 
415 Bukidnon 0 0 1 Edgerton (1993), 

Cole (1956), &  
Cullon (1968) 

202 Bunun 0 0 1 Lebar (1972), 
Huang (1995), & 
Yang (2008) 

51 Bwaidoga 0 0 0 Young (1983), 
Young (1994), 
Ballantyne (1926), & 
Ballantyne (1927) 

153 Cebuano 0 0 0 Fenner (1985) 
18 Chamorro 0 0 1 Cunningham (1992), 

Hezel (Hezel, 1973), & 
Cunningham (1997) 

175 Chuukese 0 0 1 Goodenough (1991), &  
Goodenough (2002) 

256 Atayal 1 0 1 Lebar (1972), & 
Ferrell (1969), 
McGovern (1922), & 
Ishi (1917) 

218 Dobu 0 0 0 Fortune (1932), 
Young (1991), & 
Bromilow (1977) 

328 East Sumbanese 0 0 1 Forth (1980) 
11 Eastern Fiji 1 0 0 Scarr (1984), 

Waterhouse (1866), & 
Derrick (1950) 

210 East Futuna 0 0 0 Kirch (1994), &  
Burrows (1936) 

13 Hanunoo 0 0 0 Lebar (1972),  
Postma (1965), & 
Tweddell (1970) 

52 Hawaiian 1 0 1 Kirch (2010), 
Valeri (1985), 
Beckwith (1976), & 
Mitchell (1982) 

53 Ambonese 0 0 0 Knaap (1993), 
Cooley (1962), & 
Cooley (1969)  

28 Iban 0 0 1 Lebar (1972), & 
Jensen (1974) 

262 Idahan Murut 0 0 1 Lebar (1972), &  
Strouthes (1993) 

420 Central Ifugao 0 0 0 Barton (1930), & 
Barton (1955) 

423 Inibaloi 0 0 0 Lebar (1972), &  
Barrows (1910) 

426 Tinggian 0 0 0 Cole (1922), & 
Lebar (1972) 

429 Northern Kalinga 0 0 0 Dozier (1966), & 
Lawless (1993) 

217 Kapingamarangi 0 0 0 Emory (1949), & 
Elbert (1949) 
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237 Kayan 0 0 1 Hose & McDougall (1912), & 
Lebar (1972) 

236 Kedang 0 0 0 Barnes (1974), & 
Barnes (2001) 

60 Kelabit 0 0 1 Talla (1979), & 
Lebar (1972) 

159 Trobrian Island 0 0 0 Young (1979), 
Seligmann (1910), & 
Malinowski (1922) 

346 Kiribati 1 0 0 Macdonald (1982), 
Grimble & Maude (1989), & 
Grimble & Grimble (1972) 

291 B’laan 0 0 0 Cole (Cole, 1913) 
65 Kosrae 1 0 0 Fischer (1970) 
66 Kwaio 0 0 1 Keesing (1982) 
281 Lakalai 0 0 0 Chowning (1965), 

Chowning & Goodenough (1965), & 
Valentine (1965) 

71 Titan (Manus) 0 0 1 Mead (1937), & 
Fortune (1935) 

196 Lifou 1 0 1 Ray (1917), 
Hadfield (1920), & 
McFarlane (1873) 

238 Ontong Java 0 0 1 Goldman (1970), 
Hogbin (1930), & 
Hogbin (1934) 

433 Mamanwa 0 0 0 Maceda (1964) 
168 Manam 0 0 0 Wedgwood (1934b),  

Wedgwood (1934a), & 
Lutkehaus (1990) 

239 Mangarevan 1 0 0 Buck (1938) 
84 Manggarai 1 1 1 Erb (1987),  

Erb (1997), & 
Lebar (1972) 

85 Maori 1 0 0 Sahlins (1958), 
Latham (1991), 
Simpson (1997), 
Irwin (1984), 
Buck (1952), &  
Best (1924) 

99 Mare 1 0 1 Guiart (1952),  
Howe (1977),  
Dubois (1984), &  
Gill (1856) 

38 Marquesan 0 0 0 Ferdon (1993),  
Thomas (1990),  
Sahlins (1958),  
Craighill (1923), &   
Linton (1928) 

344 Marshallese 1 0 0 Williamson & Sabath (1982),  
Erdland (1914),  
Tobin (1952),  
Carucci (1991) 

89 Mekeo 0 0 0 Hau’ofa (1971);  
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Mosko (1985);  
Mosko (2002) 

90 Melanau 0 0 0 Roth (1896) 
92 Merina 1 1 1 Berg (1988),  

Berger (2012),  
Bloch (1968),  
Sibree (1870), &   
Rogers (1985) 

95 Moken 0 0 0 Nowak (1993), 
White (1922), &   
Ivanoff (1992) 

25 Mota 0 0 0 Ivens (1931), &   
Needham (1960) 

26 Motu 0 0 1 Groves (1963),  
Goddard (2001),  
Pita & Price (1975),  
Gwilliam (1982), &   
Goddard & Van Heekeren (2003) 

502 Nendo 0 0 0 Davenport (1991),  
Davenport (2005),  
Graebner (1909), &   
O'Ferrall (1904) 

103 Nguna 0 0 0 Pacey (1982) 
104 Nias 0 0 1 Lebar (1972), 

Loeb (1935),  
Beatty (1993), &   
Beatty (1992) 

105 Nissan 0 0 0 Nachman (1981), &   
Nachman (1982) 

247 Niue 0 0 0 Thomson(1901),  
Loeb (1924), &   
Ellen (2012) 

177 Paiwan 0 0 0 Matsuzawa (1989),  
Tan (2003), & 
Lebar (1972) 

109 Palauan 0 0 1 Eder (1987), &   
Warren (1964) 

235 Penrhyn 0 0 0 Buck (1932) 
271 Puyuma 0 0 0 Schroder (1966),  

Lebar (1972),  
Baldick (2013), &   
Caquelin (2004) 

264 Rapa Nui 0 1 1 Hays (1991), 
Kirch (1984), &   
Metraux (1940) 

59 Rarotongan 0 0 1 Gilson & Crocombe (1980),  
Gill (1856),  
Sissons (1989), &   
Marck (1996) 

114 Rejang 0 0 1 Jaspan (1964), 
Lebar (1972),  
Marsden (1784), &   
Jaspan & King (1981) 

206 Rennellese 0 0 0 Birket-Smith (1956),  
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Monberg (1991), &   
Elbert & Monberg (1965) 

116 Rotuman 0 0 0 Ladefoged (1995), & 
Gardiner (1898) 

117 Roviana 0 0 0 Nagaoka (1999),  
Walter & Sheppard (2000), 
Goldie (1909), & 
Somerville (1897) 

221 Ulawan 0 0 1 Ivens (1927) 
118 Samoan 1 0 0 Sahlins (1958),  

Bargatzky (1991),  
Turner (1884), &   
Stair (1896) 

185 Sasak 0 0 0 Krulfeld (1974), &   
Lebar (1972) 

119 Savunese 0 0 0 Fox (1977), 
Fox (1979), & 
Lebar (1972) 

78 Tanimbar 0 0 0 McKinnon (1991), & 
Lebar (1972) 

473 Simbo 0 0 1 Scheffler (1962),  
Hocart (1922), &   
Rivers (1999) 

447 Subanun 0 0 1 Finley & Churchill (1913), &   
Christie (1909) 

226 South Toraja 1 0 1 Lebar (1972), 
Klenke (2013),   
Nooy-Palm (1979) 

450 Tagbanua 0 1 1 Fox (1982) 
173 Tahitian  1 0 0 Ferdon (1981), & 

Oliver (2002) 
228 Tanna 0 0 0 Bonnemaison (1991), 

Humphreys (1926), & 
Speiser (1923) 

134 Eastern Tetum 1 0 0 Lebar (1972), &   
Hicks (2004) 

155 Tikopia 1 0 0 Sahlins (1958), &   
Firth (1970) 

188 Toba Batak 1 1 1 Sinaga (1981), &   
Sibeth 1991) 

245 Tokelau 0 0 1 MacGregor (1937) 
382 Tolai 0 0 0 Epstein (1969), 

Epstein (2000),  
Epstein (1992), & 
Tateyama (2006)  

136 Tongan 1 0 1 Ferdon (1987), 
Cummins (1977), & 
Collocott (1924) 

138 Tsou 0 0 0 Lebar (1972),  
Ferrell (1969), &   
Baldick (2013) 

246 Tuamotu 0 0 0 Audran (1919),  
Audran (1918), & 
Stimson (1933) 
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163 Tuvalu 0 0 0 Laracy (1983), & 
Macdonald (1982) 

258 Uvean 1 0 0 Burrows (1937) 
139 Choiseul 0 0 0 Scheffler (1991), &   

Scheffler (1965) 
142 Waropen 0 0 1 Held (1957) 
146 Wogeo 0 0 0 Hogbin (1935), &   

Hogbin (1970) 
198 Ifaluk 1 0 0 Burrows (1952), &   

Burrows & Spiro (1957) 
254 Yami 0 0 0 Lebar (1972), &   

Kano & Segawa (1956) 
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Table 9.2. Summary of the dependent analyses of moralizing high gods and political 

complexity. The mean rates from the posterior distribution of three separate 2x109 

iteration runs are indicated. A burn-in period of 1x109 iterations has been excluded from 

the summary. The marginal likelihood has been calculated using a stepping stone sampler 

with 50 stones and 1x106 iterations per stone. 

Run Log 
Marginal 

Likelihood 

Transition Rates 

a b c d e f g h 

1 -83.26 0.009 0.112 0.338 0.317 0.434 0.136 0.374 0.438 

2 -83.42 0.009 0.110 0.334 0.311 0.425 0.132 0.368 0.421 

3 -83.32 0.009 0.113 0.338 0.316 0.437 0.138 0.374 0.428 

Mean -83.33 0.009 0.112 0.337 0.315 0.432 0.135 0.372 0.429 
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Table 9.3. Summary of the independent analyses of moralizing high gods and 

political complexity. The mean rates from the posterior distribution of three separate 

2x109 iteration runs are indicated. A burn-in period of 1x109 iterations has been excluded 

from the summary. The marginal likelihood has been calculated using a stepping stone 

sampler with 50 stones and 1x106 iterations per stone. 

Run Log Marginal 
Likelihood 

Transition Rates 

alpha1 beta1 alpha2 beta2 

1 -85.09 0.003 0.008 0.002 0.012 

2 -85.22 0.003 0.010 0.002 0.014 

3 -85.08 0.003 0.013 0.003 0.017 

Mean -85.13 0.003 0.010 0.002 0.014 
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Table 9.4. Summary of dependent analyses constrained so that low complexity 

cultures are unable to gain belief in a moralizing high god, and instead must first gain 

political complexity (rate a is restricted to 0). The mean rates from the posterior 

distribution of three separate 2x109 iteration runs are indicated. A burn-in period of 1x109 

iterations has been excluded from the summary. The marginal likelihood has been 

calculated using a stepping stone sampler with 50 stones and 1x106 iterations per stone. 

Run Log 
Marginal 

Likelihood 

Transition Rates 

a b c d e f g h 

1 -82.94 0 0.167 0.348 0.342 0.630 0.200 0.448 0.523 

2 -82.90 0 0.167 0.343 0.343 0.632 0.198 0.447 0.524 

3 -82.82 0 0.166 0.345 0.340 0.624 0.198 0.444 0.516 

Mean -82.87 0 0.167 0.345 0.342 0.629 0.199 0.446 0.521 
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Table 9.5. The 10 most frequently sampled models for the dependent evolution of 

moralizing high gods and political complexity. A rate coefficient of “-“ indicates a rate of 

zero, while X and Y indicates a rate greater than zero. Combined these 10 models make up 

52.20% of the posterior distribution. 

Model Rate coefficients Frequency Probability 
density 

Cumulative 
density  a b c d e f g h 

1 - Y X X X Y X X 22,416 7.47 7.47 

2 - Y Y Y X Y Y X 18,609 6.20 13.67 

3 - X X Y Y X Y Y 18,002 6.00 19.67 

4 - X X - Y X X Y 16,176 5.39 25.06 

5 X - Y Y X X Y Y 14,956 4.99 30.05 

6 - X Y X Y X Y Y 14,568 4.86 34.91 

7 - Y - X X Y X X 14,160 4.72 39.63 

8 X - Y X X - - - 13,307 4.44 44.07 

9 - X - X Y X X Y 13,270 4.42 48.49 

10 X - Y Y X - Y Y 11,138 3.71 52.20 
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Table 9.6. Summary of dependent analyses constrained so that cultures with and 

without moralizing high gods are equally likely to lose political complexity (rate e is 

restricted to be equal to rate g). The mean rates from the posterior distribution of three 

separate 2x109 iteration runs are indicated. A burn-in period of 1x109 iterations has been 

excluded from the summary. The marginal likelihood has been calculated using a stepping 

stone sampler with 50 stones and 1x106 iterations per stone. 

Run Log 
Marginal 

Likelihood 

Transition Rates 

a b c d e f g h 

1 -82.74 0.001 0.153 0.388 0.400 0.570 0.172 0.570 0.442 

2 -82.71 0.001 0.156 0.395 0.402 0.580 0.175 0.580 0.447 

3 -82.82 0.001 0.158 0.393 0.414 0.588 0.177 0.588 0.459 

Mean -82.76 0.001 0.156 0.392 0.405 0.579 0.175 0.579 0.449 
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Table 9.7. Summary of the dependent analyses of supernatural punishment and 

political complexity. The mean rates from the posterior distribution of three separate 

2x109 iteration runs are indicated. A burn-in period of 1x109 iterations has been excluded 

from the summary. The marginal likelihood has been calculated using a stepping stone 

sampler with 50 stones and 1x106 iterations per stone. 

Run Log 
Marginal 

Likelihood 

Transition Rates 

a b c d e f g h 

1 -122.34 0.420 0.009 0.427 0.412 0.427 0424 0.424 0.428 

2 -122.29 0.422 0.008 0.428 0.414 0.428 0.426 0.427 0.430 

3 -122.33 0.421 0.008 0.427 0.413 0.426 0.424 0.424 0.428 

Mean -122.32 0.421 0.008 0.427 0.413 0.427 0.425 0.425 0.429 
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Table 9.8. Summary of the independent analyses of supernatural punishment and 

political complexity. The mean rates from the posterior distribution of three separate 2x109 

iteration runs are indicated. A burn-in period of 1x109 iterations has been excluded from the 

summary. The marginal likelihood has been calculated using a stepping stone sampler with 

50 stones and 1x106 iterations per stone. 

Run Log Marginal 
Likelihood 

Transition Rates 

alpha1 beta1 alpha2 beta2 

1 -123.93 0.205 0.643 0.469 0.500 

2 -123.94 0.205 0.642 0.467 0.498 

3 -123.96 0.203 0.636 0.463 0.494 

Mean -123.94 0.204 0.640 0.466 0.497 
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Table 9.9. The 10 most frequently sampled models for the dependent evolution of 

supernatural punishment for selfishness and political complexity. A rate coefficient of “-

“ indicates a rate of zero, while X and Y indicates a rate greater than zero. Combined these 

10 models make up 95.43% of the posterior distribution. 

Model Rate coefficients Frequency Probability 
density 

Cumulative 
density  a b c d e f g h 

1 X - X X X X X X 276624 92.21 92.21 

2 X X X - X X X X 3095 1.03 93.24 

3 X - X X - X X X 1453 0.48 93.72 

4 Y Y X - X X Y X 1016 0.34 94.06 

5 Y - Y Y Y Y Y X 948 0.32 94.38 

6 Y Y Y Y X - Y Y 794 0.26 94.64 

7 X - X X X X Y Y 695 0.23 94.87 

8 X X X X X X X - 590 0.20 95.07 

9 X X X - X X - X 541 0.18 95.25 

10 X X X - X X - - 530 0.18 95.43 
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Table 9.10. Summary of dependent analyses constrained so that only cultures with 

belief in supernatural punishment are able to gain political complexity (rate b is 

restricted to 0). The mean rates from the posterior distribution of three separate 2x109 

iteration runs are indicated. A burn-in period of 1x109 iterations has been excluded from 

the summary. The marginal likelihood has been calculated using a stepping stone sampler 

with 50 stones and 1x106 iterations per stone. 

Run Log 
Marginal 

Likelihood 

Transition Rates 

a b c d e f g h 

1 -121.44 0.424 0 0.427 0.423 0.423 0.425 0.427 0.430 

2 -121.43 0.425 0 0.428 0.425 0.423 0.425 0.427 0.431 

3 -121.41 0.426 0 0.426 0.423 0.422 0.424 0.426 0.430 

Mean -121.43 0.425 0 0.427 0.424 0.423 0.425 0.427 0.430 

 
 
 
 
 
  



131 
 

Table 9.11. Summary of dependent analyses constrained so that cultures with and 

without belief in supernatural punishment are equally likely to lose political 

complexity (rate e is restricted to be equal to rate g). The mean rates from the posterior 

distribution of three separate 2x109 iteration runs are indicated. A burn-in period of 1x109 

iterations has been excluded from the summary. The marginal likelihood has been 

calculated using a stepping stone sampler with 50 stones and 1x106 iterations per stone. 

Run Log 
Marginal 

Likelihood 

Transition Rates 

a b c d e f g h 

1 -121.89 0.421 0.009 0.425 0.417 0.431 0.426 0.431 0.429 

2 -121.90 0.426 0.009 0.427 0.420 0.432 0.427 0.432 0.431 

3 -121.84 0.423 0.008 0.427 0.419 0.432 0.427 0.432 0.431 

Mean -121.88 0.423 0.009 0.426 0.419 0.432 0.427 0.432 0.30 
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Table 9.12. Transition rate names used within this paper and their corresponding 

names in BayesTraits.  

 Transition Rates 

Names in this paper a b c d e f g h 

Names in BayesTraits q12 q13 q21 q24 q31 q34 q42 q43 
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10. Appendix to Chapter 4: Supplementary data and results 
 

10.1. Supplementary Tables 
 

Table 10.1. Cultures sampled with corresponding data and references. The 

Austronesian Basic Vocabulary Database (ABVD) code denotes the language spoken by 

that culture. 
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Ami 350 2 0 
Er-wei (1974),  
Lebar (1972), &  
Chen & Coe (1954) 

Anuta 253 2 0 Feinberg (1991) 

Ata Tana 'Ai 124 2 0 Lewis (1993) 

Atayal 255 2 0 
Lebar (1972),  
McGovern (1922), &  
Ferrell (1969) 

Atoni 42 2 0 
Schulte Nordholt (1971),  
Middelkoop (1960), &  
Cunningham (1967) 

Berawan 45 1 1 
Metcalf (1976),  
Huntington & Metcalf (1979), & 
Metcalf (1982) 

Biak  106 2 1 
Kamma (1972),  
Van der Kroef (1957), &  
Van Baaren (1968) 

Bidayuh 125 2 0 
Lebar (1972),  
Geddes (1961), &  
St. John (1862) 

Bontok 36 3 0 Keesing (1949), &  
Jenks (2005) 

Bughotu 37 2 0 
Jackson (1975),  
White (1992), &  
Bogesi (1948) 

Buka 225 2 0 Blackwood (1935) 
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Bukidnon 415 2 1 Edgerton (1993), &  
Cole(1956) 

Bunun 202 1 0 
Huang (1995),  
Huang (1993), &  
Lebar (1972) 

Chamorro 18 3 0 
Carano & Sanchez (1966),  
Cunningham (1992), & 
Cunningham (1997) 

Cheke Holo 209 1 1 White (1991) 

Choiseul 139 2 1 Scheffler (1965) 

Chuuk 349 2 1 
Goodenough (1991),  
Goodenough (2002), & 
Bollig (1927) 

Dobu 218 1 0 Young (1991), &  
Benedict (1934) 

Eastern Toraja 208 3 1 Downs (1956) 

East Sumba  330 3 1 Forth (1980) 

Eromanga 464 2 0 Humphreys (1926), &  
Robertson (1902) 

Fiji (East) 11 3 1 
Scarr (1984),  
Waterhouse (1866), &  
Sahlins (2004) 

Futuna (East) 210 2 0 

Angleviel (1994),  
Sahlins (1958),  
Kirch (1994), 
Smith (1892), &  
Burrows (1936) 

Futuna (West) 261 2 1 Capell (1958) 

Gaddang (Pagan) 418 1 0 Lebar (1972), &  
Wallace (2013) 

Hawaii 52 3 1 

Kolb (2001),  
Kirch (2010),  
Kamakau (1964),  
Valeri (1985), &  
Oliver (2002) 

Iban 28 2 0 Sutlive (1973), &  
Jensen (1974) 

Ifugao  420 2 0 
Hockings (1993),  
Barton (1922), & 
Barton (1946) 

Isneg 424 1 0 Keesing (1962), &  
Vanoverbergh (1954) 

Kalinga  429 1 0 Dozier (1966) 
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Kapingamarangi 217 2 0 Emory (1965) 

Kayan 237 3 1 
Hose & McDougall (1912),  
Lebar (1972), &  
Rousseau (1998) 

Kedang 236 2 0 Barnes (1974) 

Kelabit 60 2 1 Talla (1979), &  
Janowski (2003) 

Kiribati 346 2 1 
Macdonald (1982),  
Grimble & Maude (1989), &  
Grimble & Grimble (1972) 

Kwaio 66 2 1 Keesing (1982), &  
Akin (2004) 

Kwara'ae 213 1 1 Burt (1994) 

Laboya 323 3 1 Geirnaert (1992) 

Lakalai 281 2 0 Chowning & Goodenough (1965), & 
Valentine (1965) 

Lau 68 2 1 Ivens (1930) 

Lifou 196 3 0 
Howe (1974),  
Ray (1917), &  
Hadfield (1920) 

Malagasy (Merina) 92 3 0 Sibree (1870), &  
Gow (1981) 

Malekula (South) 453 1 0 Deacon (1934) 

Manam 168 2 0 Wedgwood (1934), &  
Lutkehaus (1995) 

Mangareva 239 2 1 Sahlins (1958), &  
Buck (1971) 

Manggarai 84 3 0 Koentjaraningrat (1972) 

Maori 85 2 1 
King (2003),  
Sahlins (1958), &  
Buck (1952) 

Mare 99 3 1 Howe (1977), &  
Gill (1856) 

Marquesas 38 2 1 

Sahlins (1958),  
Suggs (1966),  
Ferdon (1993), & 
& Linton (1939) 

Marshall Islands 344 3 1 Erdland (1914) 
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Mekeo 89 2 0 Hau'ofa (1971), &  
Hau'ofa (1981) 

Minahasa 137 2 1 Schouten (1998), &  
Henley (2006) 

Moken 95 1 0 
Nowak (1993),  
Anderson (1890), &  
Ivanoff (1992) 

Mota 25 1 0 

Codrington (1881),  
Codrington (1891),  
Whiteman (2002), &  
Ivens (1931) 

Motu 26 1 0 
Groves (1991),  
Pita & Price (1975), &  
Gwilliam (1982) 

Nendo 502 1 0 
Davenport (2005),  
Graebner & Schultz (1909), & 
O'Ferrall (1904) 

Ngaju 360 3 1 
Baier (2007),  
Schiller (1997), &  
Scharer (1946) 

Nias 104 3 1 
Lebar (1972),  
Loeb (1935), &  
Beatty (1992) 

Niue 247 2 0 Loeb (1926) 

Ontong Java 238 2 0 
Goldman (1955),  
Sahlins (1958), &  
Hogbin (1934) 

Paiwan 177 2 0 
McGovern (1922),  
Lebar (1972), &  
Matsuzawa (1989) 

Palau 109 3 0 

Force (1960),  
Kubary (1969),  
Hisakatsu (1995), &  
Palau Community Action Agency (1975)  
 

Palawan Batak 265 1 0 Warren (1964), &  
Eder (1987) 

Pohnpei 179 2 0 
Hanlon (1988),  
Riesenberg (1968), &  
Dobbin (2011) 

Puyuma 271 1 0 Cauquelin (2004) 

Rapa Nui 264 2 1 Sahlins (1958), &  
Metraux (1940) 

Rarotonga 58 3 1 

Gilson & Crocombe (1980),  
Gill (1856),  
Maretu & Crocombe (1983), & 
Sissons (1989) 

Rennell and Bellona 206 2 0 Birket-Smith (1956),  
Monberg (1991), & 
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Elbert & Monberg (1965) 

Roti 115 3 0 Fox (1993) 

Roviana 117 3 1 Aswani (2000), &  
Thomas (2003) 

Sama Dilaut (Tawi-
Tawi) 443 1 0 

Nimmo (2001),  
Sather (1997), &  
Sather (1993) 

Samoa 118 3 1 
Keesing (1934),  
Sahlins (1958), &  
Goldman (1955) 

Savu 119 3 1 Fox (1972), &  
Fox (1977) 

Simbo 473 1 1 
Scheffler (1962),  
Hocart (1931), &  
Dureau (2000) 

Southern Toraja 226 3 1 Adams (1993), &  
Nooy-Palm (1979) 

Subanun 448 1 1 
Lebar (1972),  
Frake (1957), &  
Finley & Churchill (1913) 

Tagbanwa  450 3 0 Fox (1982) 

Tahiti 173 3 1 
Ferdon (1981),  
Sahlins (1958), &  
Oliver (2002) 

Tanimbar 78 3 0 Van Dijke & Jonge (1995), &  
McKinnon (1991) 

Tanna 228 2 1 
Humphreys (1926),  
Gray (1899), &  
Speiser (1923) 

Tetum 403 3 1 Hicks (1972), &  
Hicks (2004) 

Tikopia 155 2 0 
Firth (1959),  
Firth (1961), &  
Firth (1967) 

Tinguian 426 2 0 Cole & Gale (1922) 

To'abaita 223 1 0 Hogbin (1939) 

Toba Batak 188 2 1 Sibeth (1991), &  
Loeb (1935) 

Tokelau 245 2 0 MacGregor (1937) 

Tolai 382 2 1 Epstein (1968), &  
Parkinson (1999) 
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Tonga 136 3 1 
Cummins (1977),  
Campbell (2001), &  
Gifford (1929) 

Trobriand Islands 159 3 0 
Seligmann (1910),  
Malinowski (1922), &  
Young (1979) 

Tsou 138 1 0 Baldick (2013), &  
Lebar (1972) 

Waropen 142 2 0 Held (1957) 

Wogeo 146 2 0 
Hogbin (1935),  
Hogbin (1970), &  
Hogbin (1978) 

Woleai (Ifaluk) 198 2 0 Burrows & Spiro (1957) 
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Table 10.2. Unconstrained multistate analysis of social stratification. Log marginal 

likelihood and mean transition rates from the posterior distribution of a multistate analysis of 

social stratification. These analyses used a MCMC RJHP method, with an exponential prior 

seeding from a distribution of 0 to 0.3. The mean rates from three separate 2x109 iteration 

runs are provided and a burn-in period of 1x109 iterations has been excluded from the 

summary. The marginal likelihood has been calculated using a stepping-stone sampler with 

1x103 stones and 1x106 iterations per stone. 

Run Log Marginal 
Likelihood 

Transition Rates 

q12 q13 q21 q23 q31 q32 

1 -97.56 0.07 0.07 0.07 0.07 0.07 0.07 

2 -97.54 0.07 0.07 0.07 0.07 0.07 0.07 

3 -97.55 0.06 0.07 0.07 0.07 0.07 0.07 

Mean -97.55 0.07 0.07 0.07 0.07 0.07 0.07 
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  Table 10.3. The 10 most frequently sampled models of the unconstrained 

multistate analyses of the evolution of social stratification. A rate coefficient of 

“0” indicates a rate of zero, while x and y each represent a non-zero parameter. 

Combined, these 10 models make up 95% of the models sampled in the posterior 

distribution. 

Model Rate coefficients Frequency Probability 
density 

Cumulative 
density 

 q12 q13 q21 q23 q31 q32 

1 X 0 X X 0 X 7244 0.24 0.24 

2 0 X 0 X X X 7153 0.24 0.48 

3 X X X X X X 5116 0.17 0.65 

4 X X X 0 X 0 4011 0.13 0.78 

5 X 0 X X X X 1311 0.04 0.83 

6 X X X X 0 X 1258 0.04 0.87 

7 0 X X X 0 X 1085 0.04 0.91 

8 X 0 X X X 0 675 0.02 0.93 

9 0 0 X X 0 X 317 0.01 0.94 

10 0 X X X X X 311 0.01 0.95 



	

153 
	

Table 10.4. Multistate analysis of social stratification restricted so that cultures must 

gain moderate social stratification before high social stratification (rate q13 is 

restricted to 0). Log marginal likelihood and mean transition rates from the posterior 

distribution of a multistate analysis of social stratification. These analyses used a MCMC 

RJHP method, with an exponential prior seeding from a distribution of 0 to 0.6. The mean 

rates from three separate 2x109 iteration runs are provided and a burn-in period of 1x109 

iterations has been excluded from the summary. The marginal likelihood has been calculated 

using a stepping-stone sampler with 1x103 stones and 1x106 iterations per stone.  

Run Log Marginal 
Likelihood 

Transition Rates 

q12 q13 q21 q23 q31 q32 

1 -97.58 0.08 0.00 0.08 0.08 0.01 0.08 

2 -97.61 0.08 0.00 0.08 0.08 0.01 0.08 

3 -97.58 0.08 0.00 0.08 0.08 0.01 0.08 

Mean -97.59 0.08 0.00 0.08 0.08 0.01 0.08 
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Table 10.5. Multistate analysis of social stratification restricted so that cultures must 

gain moderate social stratification before high social stratification, and cannot directly 

transition from high social stratification to egalitarianism (rates q13 and q31 are 

restricted to 0). Log marginal likelihood and mean transition rates from the posterior 

distribution of a multistate analysis of social stratification. These analyses used a MCMC 

RJHP method, with an exponential prior seeding from a distribution of 0 to 0.6. The mean 

rates from three separate 2x109 iteration runs are provided and a burn-in period of 1x109 

iterations has been excluded from the summary. The marginal likelihood has been calculated 

using a stepping-stone sampler with 1x103 stones and 1x106 iterations per stone.   

Run Log Marginal 
Likelihood 

Transition Rates 

q12 q13 q21 q23 q31 q32 

1 -96.90 0.09 0.00 0.09 0.09 0.00 0.09 

2 -96.91 0.09 0.00 0.09 0.09 0.00 0.09 

3 -96.91 0.09 0.00 0.09 0.09 0.00 0.09 

Mean -96.91 0.09 0.00 0.09 0.09 0.00 0.09 
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Table 10.6. Dependent analyses of human sacrifice and social stratification. Log 

marginal likelihood and mean transition rates from the posterior distribution of the 

dependent analysis of human sacrifice and social stratification. In these analyses egalitarian 

cultures are coded as 0, and cultures with moderate or high social stratification are coded as 

1. The mean rates from three separate 2x109 iteration runs are provided and a burn-in period 

of 1x109 iterations has been excluded from the summary. The marginal likelihood has been 

calculated using a stepping-stone sampler with 1x103 stones and 1x106 iterations per stone.  

Run Log 
Marginal 

Likelihood 

Transition Rates 

a b c d e f g h 

1 -115.43 0.10 0.10 0.11 0.11 0.10 0.11 0.00 0.11 

2 -115.41 0.10 0.11 0.11 0.11 0.10 0.11 0.00 0.11 

3 -115.45 0.10 0.11 0.11 0.11 0.10 0.11 0.00 0.11 

Mean -115.43 0.10 0.11 0.11 0.11 0.10 0.11 0.00 0.11 
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Table 10.7. Independent analyses of human sacrifice and general social stratification. 

Log marginal likelihood and mean transition rates from the posterior distribution of the 

independent analysis of human sacrifice and social stratification. In these analyses 

egalitarian cultures are coded as 0, and cultures with moderate or high social stratification 

are coded as 1. The mean rates from three separate 2x109 iteration runs are provided and a 

burn-in period of 1x109 iterations has been excluded from the summary. The marginal 

likelihood has been calculated using a stepping-stone sampler with 1x103 stones and 1x106 

iterations per stone. 

Run Log Marginal 
Likelihood 

Transition Rates 

alpha1 beta1 alpha2 beta2 

1 -117.31 0.06 0.02 0.06 0.05 

2 -117.35 0.06 0.02 0.06 0.05 

3 -117.31 0.07 0.02 0.07 0.05 

Mean -117.32 0.06 0.02 0.06 0.05 
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Table 10.8.  The 10 most frequently sampled models from the dependent analyses of 

ritual human sacrifice and social stratification. A rate coefficient of “0” indicates a rate of 

zero, while x and y each represent a non-zero parameter. Combined, these 10 models make 

up 93% of the models sampled in the posterior distribution. 

Model Rate coefficients Frequency Probability 
density 

Cumulative 
density 

 a b c d e f g h 

1 X X X X X X 0 X 21,551 0.72 0.72 

2 0 X X X X X X 0 1,442 0.05 0.77 

3 0 X X X 0 X 0 X 1,383 0.05 0.81 

4 0 X X X X X X X 1,367 0.05 0.86 

5 X X X 0 X X 0 X 1,361 0.05 0.90 

6 0 X 0 X X X X X 247 0.01 0.91 

7 X 0 X X X X 0 X 186 0.01 0.92 

8 X X X X X X X 0 181 0.01 0.92 

9 X X X X X X X X 166 0.01 0.93 

10 X X 0 0 X X 0 X 163 0.01 0.93 
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Table 10.9. Dependent analyses with loss of social stratification constrained to be equal 

in cultures with and without human sacrifice. Log marginal likelihood and mean 

transition rates from the posterior distribution of a constrained dependent analysis of human 

sacrifice and social stratification. In these analyses the dependent model has been 

constrained so that cultures with and without human sacrifice are equally likely to lose social 

stratification (rates e and g were constrained to be equal). The mean rates from three separate 

2x109 iteration runs are provided and a burn-in period of 1x109 iterations has been excluded 

from the summary. The marginal likelihood has been calculated using a stepping-stone 

sampler with 1x103 stones and 1x106 iterations per stone. 

Run Log 
Marginal 

Likelihood 

Transition Rates 

a b c d e f g h 

1 -116.57 0.01 0.04 0.04 0.05 0.01 0.04 0.01 0.04 

2 -116.56 0.01 0.03 0.03 0.04 0.01 0.04 0.01 0.04 

3 -116.61 0.01 0.04 0.04 0.05 0.01 0.04 0.01 0.04 

Mean -116.58 0.01 0.04 0.04 0.05 0.01 0.04 0.01 0.04 

 

  



	

159 
	

Table 10.10. Dependent analyses with gains of general social stratification constrained 

to be equal in cultures with and without human sacrifice. Log marginal likelihood and 

mean transition rates from the posterior distribution of a constrained dependent analysis of 

human sacrifice and social stratification. In these analyses the dependent model has been 

constrained so that cultures with and without human sacrifice are equally likely to gain social 

stratification (rates b and d were constrained to be equal). The mean rates from three separate 

2x109 iteration runs are provided and a burn-in period of 1x109 iterations has been excluded 

from the summary. The marginal likelihood has been calculated using a stepping stone-

sampler with 1x103 stones and 1x106 iterations per stone. 

Run Log 
Marginal 

Likelihood 

Transition Rates 

a b c d e f g h 

1 -114.92 0.11 0.11 0.11 0.11 0.11 0.11 0.00 0.11 

2 -115.00 0.11 0.11 0.11 0.11 0.11 0.11 0.00 0.11 

3 -115.02 0.11 0.12 0.11 0.12 0.11 0.12 0.00 0.12 

Mean -114.98 0.11 0.11 0.11 0.11 0.11 0.11 0.00 0.11 
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Table 10.11. Dependent analyses of human sacrifice and high social stratification. Log 

marginal likelihood and mean transition rates from the posterior distribution of the 

dependent analysis of human sacrifice and high social stratification. In these analyses 

egalitarian cultures and cultures with moderate social stratification are coded as 0, and 

cultures with high social stratification are coded as 1. The mean rates from three separate 

2x109 iteration runs are provided and a burn-in period of 1x109 iterations has been excluded 

from the summary. The marginal likelihood has been calculated using a stepping-stone 

sampler with 1x103 stones and 1x106 iterations per stone. 

Run Log 
Marginal 

Likelihood 

Transition Rates 

a b c d e f g h 

1 -120.82 0.26 0.00 0.26 0.26 0.26 0.26 0.26 0.26 

2 -120.81 0.26 0.00 0.26 0.26 0.26 0.26 0.26 0.26 

3 -120.82 0.26 0.00 0.26 0.26 0.26 0.26 0.26 0.26 

Mean -120.82 0.26 0.00 0.26 0.26 0.26 0.26 0.26 0.26 
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Table 10.12. Independent analyses of human sacrifice and high social stratification. 

Log marginal likelihood and mean transition rates from the posterior distribution of the 

independent analysis of human sacrifice and high social stratification. In these analyses 

egalitarian cultures and cultures with moderate social stratification are coded as 0, and 

cultures with high social stratification are coded as 1. The mean rates from three separate 

2x109 iteration runs are provided and a burn-in period of 1x109 iterations has been excluded 

from the summary. The marginal likelihood has been calculated using a stepping-stone 

sampler with 1x103 stones and 1x106 iterations per stone. 

Run Log Marginal 
Likelihood 

Transition Rates 

alpha1 beta1 alpha2 beta2 

1 -123.89 0.04 0.07 0.04 0.06 

2 -123.85 0.04 0.06 0.04 0.06 

3 -123.78 0.04 0.07 0.04 0.06 

Mean -123.84 0.04 0.07 0.04 0.06 
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Table 10.13. The 10 most frequently sampled models of the dependent analyses of 

human sacrifice and high social stratification. A rate coefficient of “0” indicates a rate of 

zero, while x and y each represent a non-zero parameter. Combined, these 10 models make 

up 97% of the models sampled in the posterior distribution. 

Model Rate coefficients Frequency Probability 
density 

Cumulative 
density 

 a b c d e f g h 

1 X 0 X X X X X X 26,196 0.87 0.87 

2 X 0 X X X X 0 X 988 0.03 0.91 

3 0 X X X X X X X 506 0.02 0.92 

4 0 0 X X X X X X 362 0.01 0.94 

5 0 X X X X X X 0 352 0.01 0.95 

6 X X X X X X X 0 300 0.01 0.96 

7 X 0 X X 0 X X X 264 0.01 0.97 

8 X X X X X X X X 85 <0.01 0.97 

9 0 0 0 X X X X X 57 <0.01 0.97 

10 X X X X X X 0 X 48 <0.01 0.97 
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Table 10.14. Dependent analyses with loss of high social stratification constrained to be 

equal in cultures with and without human sacrifice. Log marginal likelihood and mean 

transition rates from the posterior distribution of a constrained dependent analysis of human 

sacrifice and high social stratification. In these analyses the dependent model has been 

constrained so that cultures with and without human sacrifice are equally likely to lose high 

social stratification (rates e and g were constrained to be equal). The mean rates from three 

separate 2x109 iteration runs are provided and a burn-in period of 1x109 iterations has been 

excluded from the summary. The marginal likelihood has been calculated using a stepping-

stone sampler with 1x103 stones and 1x106 iterations per stone. 

Run Log 
Marginal 

Likelihood 

Transition Rates 

a b c d e f g h 

1 -120.35 0.27 0.00 0.28 0.28 0.28 0.28 0.28 0.27 

2 -120.39 0.27 0.00 0.27 0.27 0.27 0.27 0.27 0.27 

3 -120.35 0.27 0.00 0.27 0.27 0.27 0.27 0.27 0.27 

Mean -120.36 0.27 0.00 0.27 0.27 0.27 0.27 0.27 0.27 
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Table 10.15. Dependent analyses with gains of high social stratification constrained to 

be equal in cultures with and without human sacrifice. Log marginal likelihood and mean 

transition rates from the posterior distribution of a constrained dependent analysis of human 

sacrifice and high social stratification. In these analyses the dependent model has been 

constrained so that cultures with and without human sacrifice are equally likely to gain high 

social stratification (rates b and d were constrained to be equal). The mean rates from three 

separate 2x109 iteration runs are provided and a burn-in period of 1x109 iterations has been 

excluded from the summary. The marginal likelihood has been calculated using a stepping-

stone sampler with 1x103 stones and 1x106 iterations per stone. 

Run Log 
Marginal 

Likelihood 

Transition Rates 

a b c d e f g h 

1 -123.16 0.01 0.02 0.03 0.02 0.04 0.04 0.03 0.01 

2 -123.17 0.01 0.02 0.03 0.02 0.04 0.04 0.03 0.01 

3 -123.18 0.01 0.02 0.03 0.02 0.04 0.03 0.03 0.01 

Mean -123.17 0.01 0.02 0.03 0.02 0.04 0.04 0.03 0.01 
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Table 10.16. Names of transition rates used for the co-evolutionary analyses in this 

paper and their corresponding names in BayesTraits. Rate a refers to gains of human 

sacrifice in egalitarian cultures (series 1) or cultures without high stratification (series 2). 

Rate b refers to gains in social stratification in cultures without human sacrifice. Rate c 

refers to loss of human sacrifice in egalitarian cultures (series 1) or cultures without high 

social stratification (series 2). Rate d refers to a gain in social stratification in cultures 

with human sacrifice. Rate e refers to a loss of social stratification in cultures without 

human sacrifice. Rate f refers to a gain of human sacrifice in cultures with social 

stratification (series 1), or high social stratification (series 2). Rate g refers to a loss of 

social stratification in cultures with human sacrifice. Rate h refers to a loss of human 

sacrifice in cultures with social stratification (series 1), or high social stratification (series 

2).  

 Transition Rates 

Names used here a b c d e f g h 

Names used in BayesTraits q12 q13 q21 q24 q31 q34 q42 q43 
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Table 10.17. Dependent analysis for the co-evolution of social stratification and human 

sacrifice across 10 random sub-samples. Dependent analyses were performed for 10 

different sub-samples (“Sub-Sample Number” column), and replicated 3 times for each of 

these sub-samples (“Within Sample Replication” column). Each sub-sample contained a 

randomly selected sample of half the cultures (46) from the full sample. Each analysis was 

run for 1x109 iteration with a burn-in period of 5x108 iterations excluded from the summary. 

Mean transition rates are provided. The marginal likelihood has been calculated using a 

stepping-stone sampler with 1x103 stones and 1x106 iterations per stone.  
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a b c d e f g h 

1 1 -57.82 XXXXXX0X 0.89 0.29 0.30 0.30 0.30 0.28 0.30 0.01 0.30 

1 2 -57.80 XXXXXX0X 0.88 0.30 0.30 0.30 0.30 0.28 0.30 0.01 0.30 

1 3 -57.80 XXXXXX0X 0.88 0.29 0.29 0.29 0.29 0.28 0.29 0.01 0.29 

2 1 -59.57 XXXXXX0X 0.84 0.24 0.24 0.24 0.25 0.24 0.25 0.00 0.25 

2 2 -59.60 XXXXXX0X 0.84 0.25 0.25 0.25 0.25 0.25 0.25 0.00 0.25 

2 3 -59.55 XXXXXX0X 0.84 0.24 0.25 0.25 0.25 0.25 0.25 0.00 0.25 

3 1 -58.18 00XX0XXX 0.36 0.10 0.09 0.10 0.10 0.07 0.10 0.03 0.10 

3 2 -58.19 00XX0XXX 0.36 0.09 0.09 0.09 0.10 0.07 0.10 0.02 0.10 

3 3 -58.17 00XX0XXX 0.37 0.09 0.09 0.09 0.09 0.07 0.09 0.02 0.09 

4 1 -58.83 XXXXXX0X 0.69 0.22 0.22 0.22 0.22 0.19 0.22 0.03 0.22 

4 2 -58.86 XXXXXX0X 0.70 0.23 0.23 0.23 0.23 0.19 0.23 0.03 0.23 

4 3 -58.79 XXXXXX0X 0.69 0.23 0.23 0.23 0.23 0.19 0.23 0.03 0.23 

5 1 -61.53 XXXXXX0X 0.64 0.19 0.18 0.19 0.19 0.18 0.19 0.01 0.19 

5 2 -61.56 XXXXXX0X 0.63 0.19 0.19 0.20 0.19 0.19 0.20 0.01 0.19 

5 3 -61.55 XXXXXX0X 0.64 0.19 0.19 0.19 0.19 0.18 0.19 0.01 0.19 
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6 1 -60.16 XXXXXX0X 0.89 0.28 0.29 0.29 0.29 0.28 0.29 0.01 0.29 

6 2 -60.15 XXXXXX0X 0.89 0.29 0.30 0.30 0.30 0.29 0.30 0.01 0.30 

6 3 -60.18 XXXXXX0X 0.89 0.29 0.30 0.30 0.30 0.29 0.30 0.01 0.30 

7 1 -58.70 XXXXXX0X 0.55 0.08 0.08 0.08 0.08 0.08 0.08 0.00 0.08 

7 2 -58.74 XXXXXX0X 0.55 0.09 0.09 0.09 0.09 0.09 0.09 0.00 0.09 

7 3 -58.76 XXXXXX0X 0.54 0.08 0.08 0.08 0.08 0.08 0.08 0.00 0.08 

8 1 -60.46 XXXXXX0X 0.66 0.22 0.23 0.23 0.23 0.20 0.23 0.03 0.23 

8 2 -60.50 XXXXXX0X 0.65 0.22 0.22 0.22 0.22 0.19 0.22 0.03 0.22 

8 3 -60.50 XXXXXX0X 0.64 0.22 0.22 0.22 0.22 0.19 0.22 0.03 0.22 

9 1 -56.93 XXXXXX0X 0.56 0.10 0.10 0.10 0.10 0.10 0.10 0.00 0.10 

9 2 -56.89 XXXXXX0X 0.57 0.10 0.10 0.11 0.11 0.10 0.11 0.00 0.11 

9 3 -56.89 XXXXXX0X 0.56 0.09 0.09 0.09 0.09 0.09 0.09 0.00 0.09 

10 1 -61.09 XXXXXX0X 0.65 0.17 0.17 0.18 0.17 0.16 0.17 0.02 0.17 

10 2 -61.10 XXXXXX0X 0.66 0.17 0.18 0.18 0.18 0.16 0.18 0.02 0.18 

10 3 -61.06 XXXXXX0X 0.65 0.16 0.16 0.17 0.17 0.15 0.17 0.02 0.17 
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Table 10.18. Independent analysis for the co-evolution of social stratification and 

human sacrifice across 10 random sub-samples. Independent analyses were performed for 

10 different sub-samples (“Sub-Sample Number” column), and replicated 3 times for each of 

these sub-samples (“Within Sample Replication” column). Each sub-sample contained a 

randomly selected sample of half (46) the cultures from the full sample. Each analysis was 

run for 1x109 iteration with a burn-in period of 5x108 iterations excluded from the summary. 

Mean transition rates are provided. The marginal likelihood has been calculated using a 

stepping-stone sampler with 1x103 stones and 1x106 iterations per stone. 
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Al
ph

a2
 

Be
ta
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1 1 -59.02 XYXX 0.45 0.50 0.12 0.44 0.44 

1 2 -58.87 XYXX 0.45 0.51 0.12 0.45 0.45 

1 3 -58.91 XYXX 0.44 0.51 0.12 0.45 0.45 

2 1 -62.48 XXXX 0.74 0.18 0.12 0.17 0.18 

2 2 -62.48 XXXX 0.75 0.18 0.12 0.17 0.17 

2 3 -62.49 XXXX 0.75 0.18 0.12 0.17 0.18 

3 1 -59.47 XXXX 0.46 0.25 0.07 0.23 0.23 

3 2 -59.51 XXXX 0.47 0.25 0.07 0.23 0.23 

3 3 -59.46 XXXX 0.46 0.25 0.07 0.23 0.23 

4 1 -59.98 XYXX 0.34 0.38 0.10 0.34 0.34 

4 2 -60.02 XYXX 0.34 0.39 0.11 0.35 0.36 

4 3 -60.00 XYXX 0.34 0.39 0.11 0.35 0.35 

5 1 -62.79 XXXX 0.83 0.15 0.12 0.15 0.15 

5 2 -62.87 XXXX 0.84 0.16 0.13 0.16 0.16 

5 3 -62.80 XXXX 0.83 0.15 0.13 0.16 0.16 
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6 1 -62.19 XXXX 0.27 0.40 0.19 0.31 0.38 

6 2 -62.23 XXXX 0.26 0.40 0.18 0.31 0.38 

6 3 -62.17 XXXX 0.26 0.41 0.19 0.31 0.39 

7 1 -60.79 XXXX 0.84 0.20 0.15 0.19 0.19 

7 2 -60.81 XXXX 0.84 0.20 0.16 0.20 0.20 

7 3 -61.03 XXXX 0.85 0.19 0.14 0.18 0.18 

8 1 -61.69 XXXX 0.57 0.23 0.10 0.20 0.22 

8 2 -61.69 XXXX 0.58 0.21 0.10 0.18 0.20 

8 3 -61.76 XXXX 0.59 0.21 0.10 0.18 0.20 

9 1 -59.58 XXXX 0.79 0.28 0.12 0.26 0.26 

9 2 -59.58 XXXX 0.79 0.26 0.11 0.24 0.25 

9 3 -59.55 XXXX 0.80 0.26 0.12 0.25 0.26 

10 1 -61.62 XXXX 0.86 0.17 0.13 0.16 0.17 

10 2 -61.47 XXXX 0.86 0.16 0.11 0.15 0.16 

10 3 -61.54 XXXX 0.85 0.16 0.11 0.15 0.15 
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Table 10.19. Dependent analysis for the co-evolution of social stratification and human 

sacrifice across 10 random sub-samples, constrained so that cultures with and without 

human sacrifice are equally likely to lose social stratification. Dependent analyses were 

performed for 10 different sub-samples (“Sub-Sample Number” column), and replicated 3 

times for each of these sub-samples (“Within Sample Replication” column). Each sub-sample 

contained a randomly selected sample of half (46) the cultures from the full sample.  In these 

analyses the dependent model has been constrained so that cultures with and without human 

sacrifice are equally likely to lose social stratification (rates e and g were constrained to be 

equal). Each analysis was run for 1x109 iteration with a burn-in period of 5x108 iterations 

excluded from the summary. Mean transition rates are provided. The marginal likelihood has 

been calculated using a stepping-stone sampler with 1x103 stones and 1x106 iterations per 

stone. 
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a b c d e f g h 

1 1 -59.74 0.17 0.38 0.34 0.40 0.09 0.39 0.09 0.38 

1 2 -59.72 0.16 0.39 0.34 0.40 0.09 0.39 0.09 0.38 

1 3 -59.71 0.17 0.38 0.34 0.40 0.10 0.39 0.10 0.38 

2 1 -62.34 0.03 0.12 0.12 0.17 0.08 0.15 0.08 0.13 

2 2 -62.32 0.03 0.11 0.11 0.16 0.07 0.14 0.07 0.13 

2 3 -62.34 0.03 0.12 0.12 0.17 0.08 0.15 0.08 0.13 

3 1 -59.88 0.07 0.12 0.11 0.12 0.04 0.12 0.04 0.12 

3 2 -59.96 0.06 0.10 0.09 0.11 0.03 0.10 0.03 0.10 

3 3 -60.00 0.06 0.11 0.10 0.11 0.03 0.10 0.03 0.10 

4 1 -60.88 0.11 0.21 0.18 0.22 0.06 0.20 0.06 0.20 
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4 2 -60.90 0.12 0.22 0.19 0.22 0.06 0.20 0.06 0.20 

4 3 -60.89 0.11 0.22 0.18 0.22 0.06 0.20 0.06 0.20 

5 1 -63.86 0.06 0.11 0.09 0.11 0.09 0.08 0.09 0.06 

5 2 -63.89 0.06 0.10 0.09 0.11 0.09 0.08 0.09 0.06 

5 3 -63.88 0.06 0.11 0.09 0.12 0.09 0.08 0.09 0.06 

6 1 -62.49 0.08 0.36 0.33 0.40 0.19 0.32 0.19 0.33 

6 2 -62.50 0.08 0.36 0.34 0.40 0.19 0.33 0.19 0.33 

6 3 -62.47 0.07 0.35 0.32 0.38 0.18 0.31 0.18 0.32 

7 1 -61.39 0.03 0.07 0.06 0.07 0.05 0.06 0.05 0.04 

7 2 -61.44 0.03 0.07 0.07 0.08 0.05 0.06 0.05 0.04 

7 3 -61.45 0.03 0.08 0.07 0.08 0.06 0.06 0.06 0.04 

8 1 -62.16 0.06 0.15 0.13 0.16 0.07 0.13 0.07 0.13 

8 2 -62.18 0.07 0.15 0.14 0.16 0.08 0.13 0.08 0.13 

8 3 -62.16 0.05 0.14 0.13 0.15 0.08 0.12 0.08 0.13 

9 1 -59.25 0.02 0.08 0.08 0.12 0.03 0.09 0.03 0.09 

9 2 -59.24 0.02 0.07 0.07 0.10 0.03 0.09 0.03 0.09 

9 3 -59.25 0.02 0.07 0.08 0.11 0.03 0.09 0.03 0.09 

10 1 -62.86 0.11 0.16 0.14 0.17 0.12 0.09 0.12 0.09 

10 2 -62.85 0.10 0.16 0.14 0.16 0.11 0.08 0.11 0.08 

10 3 -62.87 0.11 0.16 0.14 0.17 0.12 0.09 0.12 0.09 
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Table 10.20. Dependent analysis for the co-evolution of social stratification and human sacrifice 

across 10 random sub-samples, constrained so that cultures with and without human sacrifice 

are equally likely to gain social stratification. Dependent analyses were performed for 10 different 

sub-samples (“Sub-Sample Number” column), and replicated 3 times for each of these sub-samples 

(“Within Sample Replication” column). Each sub-sample contained a randomly selected sample of 

half (46) the cultures from the full sample. In these analyses the dependent model has been 

constrained so that cultures with and without human sacrifice are equally likely to gain social 

stratification (rates b and d were constrained to be equal). Each analysis was run for 1x109 iteration 

with a burn-in period of 5x108 iterations excluded from the summary, and their mean transition rates 

are provided. The marginal likelihood has been calculated using a stepping-stone sampler with 1x103 

stones and 1x106 iterations per stone. 
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a b c d e f g h 

1 1 -57.36 0.29 0.30 0.30 0.30 0.28 0.30 0.02 0.30 

1 2 -57.39 0.30 0.31 0.30 0.31 0.28 0.30 0.02 0.30 

1 3 -57.37 0.29 0.30 0.30 0.30 0.28 0.30 0.02 0.30 

2 1 -59.21 0.26 0.27 0.27 0.27 0.27 0.27 0.00 0.27 

2 2 -59.21 0.27 0.27 0.27 0.27 0.27 0.27 0.00 0.27 

2 3 -59.19 0.27 0.28 0.28 0.28 0.28 0.28 0.00 0.28 

3 1 -58.47 0.22 0.22 0.22 0.22 0.17 0.22 0.06 0.22 

3 2 -58.49 0.21 0.22 0.22 0.22 0.16 0.22 0.05 0.22 

3 3 -58.47 0.22 0.22 0.22 0.22 0.16 0.22 0.05 0.22 

4 1 -58.51 0.26 0.26 0.26 0.26 0.22 0.26 0.04 0.26 

4 2 -58.50 0.26 0.27 0.26 0.27 0.23 0.26 0.04 0.26 

4 3 -58.48 0.26 0.26 0.26 0.26 0.22 0.26 0.04 0.26 

5 1 -61.34 0.25 0.25 0.25 0.25 0.24 0.25 0.01 0.25 
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5 2 -61.38 0.26 0.26 0.26 0.26 0.25 0.26 0.01 0.26 

5 3 -61.35 0.25 0.25 0.25 0.25 0.25 0.25 0.01 0.25 

6 1 -59.74 0.30 0.31 0.31 0.31 0.29 0.31 0.02 0.31 

6 2 -59.70 0.29 0.30 0.30 0.30 0.29 0.30 0.02 0.30 

6 3 -59.71 0.29 0.30 0.30 0.30 0.29 0.30 0.01 0.30 

7 1 -58.64 0.13 0.14 0.14 0.14 0.14 0.14 0.00 0.13 

7 2 -58.66 0.14 0.14 0.14 0.14 0.14 0.14 0.00 0.14 

7 3 -58.60 0.14 0.14 0.14 0.14 0.14 0.14 0.00 0.14 

8 1 -60.19 0.25 0.25 0.25 0.25 0.22 0.25 0.03 0.25 

8 2 -60.20 0.24 0.25 0.25 0.25 0.22 0.25 0.03 0.25 

8 3 -60.21 0.25 0.26 0.26 0.26 0.22 0.26 0.03 0.26 

9 1 -56.82 0.15 0.16 0.15 0.16 0.15 0.15 0.00 0.15 

9 2 -56.80 0.15 0.16 0.16 0.16 0.16 0.16 0.00 0.16 

9 3 -56.80 0.15 0.16 0.16 0.16 0.16 0.16 0.00 0.16 

10 1 -60.77 0.20 0.20 0.20 0.20 0.18 0.20 0.02 0.20 

10 2 -60.77 0.20 0.20 0.20 0.20 0.18 0.20 0.02 0.20 

10 3 -60.77 0.20 0.21 0.21 0.21 0.18 0.20 0.03 0.20 
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Table 10.21. Summary and comparison of random sub-sampling analyses of the co-

evolution of social stratification and human sacrifice. Bayes Factors indicate the 

difference in fit between the models in dependent analyses and the models in the independent 

analysis. Negative Bayes Factors indicate that the independent model fits worse than the 

dependent model.  
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1 1 -59.02 -57.82 2.39 -57.36 3.31 -59.74 -1.45 

1 2 -58.87 -57.80 2.15 -57.39 2.97 -59.72 -1.69 

1 3 -58.91 -57.80 2.23 -57.37 3.08 -59.71 -1.59 

2 1 -62.48 -59.57 5.81 -59.21 6.54 -62.34 0.27 

2 2 -62.48 -59.60 5.76 -59.21 6.53 -62.32 0.31 

2 3 -62.49 -59.55 5.87 -59.19 6.59 -62.34 0.29 

3 1 -59.47 -58.18 2.59 -58.47 2.01 -59.88 -0.81 

3 2 -59.51 -58.19 2.64 -58.49 2.04 -59.96 -0.90 

3 3 -59.46 -58.17 2.57 -58.47 1.97 -60.00 -1.09 

4 1 -59.98 -58.83 2.29 -58.51 2.92 -60.88 -1.81 

4 2 -60.02 -58.86 2.31 -58.50 3.03 -60.90 -1.77 

4 3 -60.00 -58.79 2.41 -58.48 3.03 -60.89 -1.78 

5 1 -62.79 -61.53 2.52 -61.34 2.90 -63.86 -2.15 

5 2 -62.87 -61.56 2.62 -61.38 2.97 -63.89 -2.03 

5 3 -62.80 -61.55 2.49 -61.35 2.90 -63.88 -2.16 



	

175 
	

6 1 -62.19 -60.16 4.08 -59.74 4.91 -62.49 -0.59 

6 2 -62.23 -60.15 4.15 -59.70 5.05 -62.50 -0.54 

6 3 -62.17 -60.18 3.99 -59.71 4.93 -62.47 -0.60 

7 1 -60.79 -58.70 4.17 -58.64 4.29 -61.39 -1.21 

7 2 -60.81 -58.74 4.14 -58.66 4.30 -61.44 -1.26 

7 3 -61.03 -58.76 4.55 -58.60 4.86 -61.45 -0.83 

8 1 -61.69 -60.46 2.45 -60.19 2.99 -62.16 -0.94 

8 2 -61.69 -60.50 2.37 -60.20 2.97 -62.18 -0.99 

8 3 -61.76 -60.50 2.51 -60.21 3.09 -62.16 -0.81 

9 1 -59.58 -56.93 5.30 -56.82 5.51 -59.25 0.65 

9 2 -59.58 -56.89 5.37 -56.80 5.55 -59.24 0.67 

9 3 -59.55 -56.89 5.33 -56.80 5.51 -59.25 0.60 

10 1 -61.62 -61.09 1.07 -60.77 1.71 -62.86 -2.49 

10 2 -61.47 -61.10 0.74 -60.77 1.40 -62.85 -2.76 

10 3 -61.54 -61.06 0.97 -60.77 1.55 -62.87 -2.66 
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Table 10.22. Dependent analysis for the co-evolution of high social stratification and human 

sacrifice across 10 random sub-samples. Dependent analyses were performed for 10 different sub-

samples (“Sub-Sample Number” column), and replicated 3 times for each of these sub-samples 

(“Within Sample Replication” column). Each sub-sample contained a randomly selected sample of 

half (46) the cultures from the full sample. Each analysis was run for 1x109 iteration with a burn-in 

period of 5x108 iterations excluded from the summary. Mean transition rates are provided. The 

marginal likelihood has been calculated using a stepping-stone sampler with 1x103 stones and 1x106 

iterations per stone.  

Su
b-

Sa
m

pl
e 

N
um

be
r 

W
ith

in
 S

am
pl

e 
R

ep
lic

at
io

n 

L
og

 M
ar

gi
na

l L
ik

el
ih

oo
d 

M
os

t F
re

qu
en

tly
 S

am
pl

ed
 

M
od

el
st

ri
ng

 

Pr
op

or
tio

n 
of

 M
od

el
st

ri
ng

 
Sa

m
pl

ed
 in

 P
os

te
ri

or
 D

is
tr

ib
ut

io
n 

T
ra

ns
iti

on
 R

at
es

 

a b c d e f g h 

1 1 -63.19 X0XXXXXX 0.48 0.20 0.05 0.22 0.22 0.22 0.22 0.20 0.19 

1 2 -63.21 X0XXXXXX 0.49 0.20 0.05 0.22 0.22 0.22 0.22 0.20 0.20 

1 3 -63.22 X0XXXXXX 0.49 0.20 0.06 0.23 0.23 0.23 0.23 0.21 0.21 

2 1 -60.69 X0XXXXXX 0.78 0.25 0.02 0.27 0.27 0.27 0.27 0.25 0.25 

2 2 -60.70 X0XXXXXX 0.79 0.26 0.02 0.28 0.28 0.28 0.28 0.26 0.26 

2 3 -60.68 X0XXXXXX 0.79 0.26 0.02 0.27 0.27 0.27 0.27 0.26 0.26 

3 1 -59.68 X0XXXXXX 0.75 0.26 0.03 0.29 0.29 0.30 0.30 0.27 0.26 

3 2 -59.71 X0XXXXXX 0.76 0.26 0.03 0.29 0.29 0.29 0.29 0.27 0.26 

3 3 -59.70 X0XXXXXX 0.74 0.26 0.03 0.29 0.29 0.30 0.30 0.27 0.27 

4 1 -61.19 X0XXXXXX 0.82 0.28 0.02 0.28 0.26 0.28 0.28 0.28 0.28 

4 2 -61.20 X0XXXXXX 0.82 0.28 0.02 0.28 0.27 0.28 0.28 0.28 0.28 

4 3 -61.19 X0XXXXXX 0.83 0.27 0.02 0.27 0.26 0.27 0.28 0.27 0.27 

5 1 -59.19 X0XXXXXX 0.87 0.28 0.00 0.28 0.28 0.28 0.28 0.28 0.28 

5 2 -59.15 X0XXXXXX 0.89 0.27 0.00 0.28 0.27 0.28 0.28 0.27 0.27 

5 3 -59.17 X0XXXXXX 0.88 0.27 0.00 0.27 0.27 0.27 0.27 0.27 0.27 
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6 1 -61.14 X0XXXXXX 0.94 0.32 0.01 0.32 0.32 0.32 0.32 0.32 0.32 

6 2 -63.04 X0XXXXXX 0.82 0.30 0.03 0.31 0.30 0.31 0.31 0.30 0.30 

6 3 -63.08 X0XXXXXX 0.82 0.29 0.03 0.30 0.28 0.30 0.30 0.29 0.29 

7 1 -61.33 X0XXXXXX 0.89 0.30 0.01 0.30 0.29 0.30 0.30 0.29 0.29 

7 2 -61.35 X0XXXXXX 0.89 0.30 0.01 0.30 0.30 0.30 0.30 0.30 0.30 

7 3 -61.31 X0XXXXXX 0.88 0.29 0.01 0.29 0.29 0.29 0.29 0.29 0.29 

8 1 -60.92 X0XXXXXX 0.30 0.18 0.10 0.28 0.28 0.28 0.28 0.20 0.20 

8 2 -60.92 X0XXXXXX 0.31 0.19 0.10 0.29 0.29 0.29 0.29 0.21 0.20 

8 3 -60.91 X0XXXXXX 0.31 0.18 0.10 0.28 0.28 0.28 0.28 0.19 0.20 

9 1 -62.74 X0XXXXXX 0.79 0.30 0.03 0.30 0.30 0.30 0.31 0.30 0.30 

9 2 -62.77 X0XXXXXX 0.79 0.29 0.03 0.30 0.29 0.30 0.30 0.29 0.29 

9 3 -62.74 X0XXXXXX 0.80 0.31 0.03 0.31 0.31 0.31 0.32 0.31 0.31 

10 1 -59.64 X0XXXXXX 0.91 0.29 0.01 0.29 0.29 0.29 0.29 0.29 0.29 

10 2 -59.65 X0XXXXXX 0.92 0.31 0.01 0.31 0.30 0.31 0.31 0.31 0.31 

10 3 -59.65 X0XXXXXX 0.90 0.29 0.00 0.29 0.28 0.29 0.29 0.29 0.29 
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Table 10.23. Independent analysis for the co-evolution of high social stratification and 

human sacrifice across 10 random sub-samples. Independent analyses were performed for 

10 different sub-samples (“Sub-Sample Number” column), and replicated 3 times for each of 

these sub-samples (“Within Sample Replication” column). Each sub-sample contained a 

randomly selected sample of half (46) the cultures from the full sample. Each analysis was 

run for 1x109 iteration with a burn-in period of 5x108 iterations excluded from the summary. 

Mean transition rates are provided. The marginal likelihood has been calculated using a 

stepping-stone sampler with 1x103 stones and 1x106 iterations per stone. 
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1 1 -63.64 XXXX 0.98 0.25 0.26 0.26 0.26 

1 2 -63.63 XXXX 0.98 0.25 0.25 0.25 0.25 

1 3 -63.64 XXXX 0.98 0.25 0.25 0.25 0.25 

2 1 -63.62 XXXX 0.92 0.25 0.27 0.26 0.26 

2 2 -64.11 XXXX 0.92 0.25 0.26 0.26 0.26 

2 3 -63.61 XXXX 0.91 0.24 0.26 0.26 0.26 

3 1 -63.75 XXXX 0.91 0.27 0.29 0.28 0.29 

3 2 -63.76 XXXX 0.91 0.28 0.30 0.29 0.30 

3 3 -63.79 XXXX 0.91 0.27 0.29 0.28 0.28 

4 1 -63.04 XXXX 0.66 0.18 0.28 0.26 0.27 

4 2 -63.03 XXXX 0.67 0.19 0.29 0.27 0.27 

4 3 -62.99 XXXX 0.68 0.18 0.28 0.26 0.26 

5 1 -63.04 XXXX 0.64 0.19 0.28 0.27 0.27 

5 2 -63.03 XXXX 0.63 0.19 0.29 0.27 0.27 



	

179 
	

5 3 -63.14 XXXX 0.64 0.19 0.29 0.28 0.28 

6 1 -63.75 XXXX 0.80 0.28 0.33 0.32 0.32 

6 2 -63.75 XXXX 0.91 0.27 0.29 0.29 0.29 

6 3 -63.74 XXXX 0.91 0.28 0.29 0.29 0.29 

7 1 -63.16 XXXX 0.86 0.19 0.23 0.22 0.22 

7 2 -63.15 XXXX 0.86 0.18 0.21 0.21 0.21 

7 3 -63.17 XXXX 0.87 0.18 0.21 0.20 0.20 

8 1 -63.84 XXXX 0.96 0.29 0.29 0.29 0.29 

8 2 -63.80 XXXX 0.95 0.29 0.29 0.29 0.29 

8 3 -63.79 XXXX 0.96 0.27 0.28 0.28 0.28 

9 1 -63.58 XXXX 0.91 0.24 0.26 0.25 0.25 

9 2 -63.60 XXXX 0.92 0.24 0.25 0.25 0.25 

9 3 -63.58 XXXX 0.92 0.24 0.26 0.25 0.25 

10 1 -62.24 XXXX 0.49 0.13 0.29 0.26 0.27 

10 2 -62.37 XXXX 0.48 0.14 0.29 0.26 0.27 

10 3 -62.22 XXXX 0.48 0.13 0.29 0.26 0.27 
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 Table 10.24. Dependent analysis for the co-evolution of high social stratification and human 

sacrifice across 10 random sub-samples, constrained so that cultures with and without human 

sacrifice were equally likely to lose high social stratification. Dependent analyses were performed 

for 10 different sub-samples (“Sub-Sample Number” column), and replicated 3 times for each of these 

sub-samples (“Within Sample Replication” column). Each sub-sample contained a randomly selected 

sample of half (46) the cultures from the full sample. In these analyses the dependent model has been 

constrained so that cultures with and without human sacrifice are equally likely to lose high social 

stratification (rates e and g were constrained to be equal). Each analysis was run for 1x109 iteration 

with a burn-in period of 5x108 iterations excluded from the summary. Mean transition rates are 

provided. The marginal likelihood has been calculated using a stepping-stone sampler with 1x103 

stones and 1x106 iterations per stone. 
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a b c d e f g h 

1 1 -63.00 0.23 0.06 0.27 0.28 0.28 0.27 0.28 0.23 

1 2 -62.99 0.23 0.06 0.27 0.28 0.28 0.27 0.28 0.24 

1 3 -63.00 0.22 0.06 0.26 0.27 0.27 0.26 0.27 0.23 

2 1 -60.32 0.28 0.02 0.30 0.30 0.30 0.30 0.30 0.28 

2 2 -60.27 0.28 0.02 0.30 0.30 0.30 0.30 0.30 0.28 

2 3 -60.33 0.28 0.02 0.30 0.30 0.30 0.30 0.30 0.29 

3 1 -59.33 0.27 0.03 0.29 0.30 0.30 0.30 0.30 0.27 

3 2 -59.30 0.28 0.03 0.31 0.31 0.31 0.31 0.31 0.28 

3 3 -59.33 0.26 0.03 0.30 0.30 0.30 0.30 0.30 0.26 

4 1 -60.79 0.29 0.02 0.29 0.28 0.29 0.29 0.29 0.29 

4 2 -60.78 0.29 0.02 0.29 0.28 0.29 0.29 0.29 0.29 

4 3 -60.75 0.28 0.02 0.28 0.27 0.28 0.28 0.28 0.28 

5 1 -58.77 0.29 0.00 0.29 0.29 0.29 0.29 0.29 0.29 
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5 2 -58.76 0.30 0.00 0.30 0.30 0.30 0.30 0.30 0.29 

5 3 -58.76 0.30 0.00 0.30 0.30 0.30 0.30 0.30 0.30 

6 1 -62.60 0.30 0.03 0.31 0.30 0.31 0.31 0.31 0.31 

6 2 -62.60 0.31 0.03 0.32 0.31 0.32 0.32 0.32 0.31 

6 3 -62.59 0.31 0.03 0.31 0.30 0.32 0.31 0.32 0.31 

7 1 -60.90 0.30 0.01 0.31 0.30 0.31 0.31 0.31 0.30 

7 2 -60.87 0.31 0.01 0.31 0.31 0.31 0.31 0.31 0.31 

7 3 -60.85 0.30 0.01 0.30 0.30 0.30 0.30 0.30 0.30 

8 1 -60.78 0.15 0.16 0.30 0.31 0.31 0.31 0.31 0.17 

8 2 -60.80 0.15 0.14 0.29 0.30 0.30 0.29 0.30 0.17 

8 3 -60.76 0.15 0.15 0.30 0.30 0.30 0.30 0.30 0.17 

9 1 -62.29 0.29 0.03 0.30 0.30 0.31 0.30 0.31 0.30 

9 2 -62.29 0.29 0.03 0.30 0.30 0.31 0.31 0.31 0.30 

9 3 -62.27 0.30 0.03 0.31 0.31 0.31 0.31 0.31 0.30 

10 1 -59.17 0.29 0.01 0.29 0.29 0.29 0.29 0.29 0.29 

10 2 -59.19 0.29 0.00 0.29 0.29 0.30 0.29 0.30 0.29 

10 3 -59.19 0.30 0.01 0.30 0.30 0.30 0.30 0.30 0.30 
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Table 10.25. Dependent analysis for the co-evolution of high social stratification and human 

sacrifice across 10 random sub-samples, constrained so that cultures with and without human 

sacrifice had an equal chance of gaining high social stratification. Dependent analyses were 

performed for 10 different sub-samples (“Sub-Sample Number” column), and replicated 3 times for 

each of these sub-samples (“Within Sample Replication” column). Each sub-sample contained a 

randomly selected sample of half (46) the cultures from the full sample. In these analyses the 

dependent model has been constrained so that cultures with and without human sacrifice are equally 

likely to gain high social stratification (rates b and d were constrained to be equal). Each analysis was 

run for 1x109 iteration with a burn-in period of 5x108 iterations excluded from the summary. Mean 

transition rates are provided. The marginal likelihood has been calculated using a stepping-stone 

sampler with 1x103 stones and 1x106 iterations per stone. 
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1 1 -64.23 0.07 0.25 0.22 0.25 0.26 0.22 0.25 0.07 

1 2 -64.24 0.06 0.24 0.20 0.24 0.24 0.20 0.24 0.07 

1 3 -64.23 0.07 0.24 0.21 0.24 0.24 0.20 0.24 0.07 

2 1 -62.87 0.02 0.29 0.29 0.29 0.31 0.30 0.30 0.03 

2 2 -62.88 0.02 0.28 0.28 0.28 0.30 0.29 0.29 0.03 

2 3 -62.87 0.03 0.29 0.29 0.29 0.31 0.30 0.30 0.03 

3 1 -61.52 0.01 0.26 0.28 0.26 0.30 0.29 0.28 0.02 

3 2 -61.52 0.01 0.27 0.28 0.27 0.30 0.29 0.28 0.01 

3 3 -61.53 0.01 0.27 0.28 0.27 0.30 0.29 0.28 0.02 

4 1 -64.20 0.13 0.16 0.18 0.16 0.24 0.20 0.24 0.13 

4 2 -64.21 0.13 0.15 0.17 0.15 0.23 0.19 0.23 0.13 

4 3 -64.20 0.12 0.15 0.17 0.15 0.23 0.20 0.23 0.13 

5 1 -62.98 0.20 0.18 0.30 0.18 0.34 0.27 0.27 0.06 
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5 2 -62.99 0.19 0.18 0.29 0.18 0.33 0.28 0.27 0.06 

5 3 -62.98 0.19 0.17 0.28 0.17 0.33 0.27 0.26 0.06 

6 1 -64.41 0.12 0.28 0.28 0.28 0.34 0.30 0.33 0.10 

6 2 -65.10 0.14 0.28 0.22 0.28 0.30 0.23 0.30 0.15 

6 3 -65.10 0.14 0.28 0.22 0.28 0.29 0.23 0.29 0.15 

7 1 -63.96 0.09 0.14 0.14 0.14 0.18 0.15 0.17 0.07 

7 2 -63.95 0.08 0.14 0.14 0.14 0.17 0.15 0.17 0.06 

7 3 -63.98 0.08 0.14 0.14 0.14 0.17 0.14 0.17 0.06 

8 1 -61.41 0.01 0.32 0.32 0.32 0.33 0.32 0.32 0.04 

8 2 -61.41 0.01 0.32 0.32 0.32 0.33 0.32 0.32 0.04 

8 3 -61.41 0.00 0.31 0.32 0.31 0.32 0.32 0.32 0.04 

9 1 -64.49 0.08 0.20 0.18 0.20 0.22 0.18 0.22 0.09 

9 2 -64.49 0.09 0.20 0.17 0.20 0.22 0.17 0.21 0.09 

9 3 -64.48 0.08 0.20 0.17 0.20 0.21 0.17 0.21 0.09 

10 1 -62.93 0.11 0.12 0.18 0.12 0.25 0.22 0.24 0.11 

10 2 -62.92 0.11 0.11 0.18 0.11 0.24 0.22 0.23 0.11 

10 3 -62.91 0.11 0.12 0.18 0.12 0.24 0.23 0.24 0.11 
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Table 10.26. Summary and comparison of random sub-sampling analyses of the co-evolution of 

high social stratification and human sacrifice. Bayes Factors indicate the difference in fit between 

the models in dependent analyses and the models in the independent analysis.  Negative Bayes 

Factors indicate that the independent model fits worse than the dependent model. 
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1 1 -63.64 -63.19 0.90 -64.23 -1.19 -63.00 1.27 

1 2 -63.63 -63.21 0.84 -64.24 -1.23 -62.99 1.27 

1 3 -63.64 -63.22 0.84 -64.23 -1.18 -63.00 1.29 

2 1 -63.62 -60.69 5.87 -62.87 1.50 -60.32 6.60 

2 2 -64.11 -60.70 6.81 -62.88 2.47 -60.27 7.68 

2 3 -63.61 -60.68 5.86 -62.87 1.48 -60.33 6.55 

3 1 -63.75 -59.68 8.14 -61.52 4.46 -59.33 8.85 

3 2 -63.76 -59.71 8.11 -61.52 4.47 -59.30 8.93 

3 3 -63.79 -59.70 8.19 -61.53 4.52 -59.33 8.92 

4 1 -63.04 -61.19 3.70 -64.20 -2.31 -60.79 4.51 

4 2 -63.03 -61.20 3.66 -64.21 -2.36 -60.78 4.51 

4 3 -62.99 -61.19 3.60 -64.20 -2.41 -60.75 4.48 

5 1 -63.04 -59.19 7.69 -62.98 0.11 -58.77 8.54 

5 2 -63.03 -59.15 7.77 -62.99 0.07 -58.76 8.53 

5 3 -63.14 -59.17 7.93 -62.98 0.30 -58.76 8.76 

6 1 -63.75 -61.14 5.21 -64.41 -1.34 -62.60 2.29 

6 2 -63.75 -63.04 1.41 -65.10 -2.70 -62.60 2.30 
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6 3 -63.74 -63.08 1.33 -65.10 -2.72 -62.59 2.30 

7 1 -63.16 -61.33 3.65 -63.96 -1.60 -60.90 4.51 

7 2 -63.15 -61.35 3.61 -63.95 -1.60 -60.87 4.56 

7 3 -63.17 -61.31 3.71 -63.98 -1.62 -60.85 4.64 

8 1 -63.84 -60.92 5.84 -61.41 4.86 -60.78 6.12 

8 2 -63.80 -60.92 5.76 -61.41 4.78 -60.80 5.99 

8 3 -63.79 -60.91 5.76 -61.41 4.76 -60.76 6.07 

9 1 -63.58 -62.74 1.68 -64.49 -1.82 -62.29 2.57 

9 2 -63.60 -62.77 1.64 -64.49 -1.79 -62.29 2.62 

9 3 -63.58 -62.74 1.68 -64.48 -1.79 -62.27 2.63 

10 1 -62.24 -59.64 5.21 -62.93 -1.36 -59.17 6.14 

10 2 -62.37 -59.65 5.42 -62.92 -1.10 -59.19 6.36 

10 3 -62.22 -59.65 5.15 -62.91 -1.38 -59.19 6.07 

 

 

 

 

 

  



	

186 
	

10.2. Supplementary References 

Adams, K. M. (1993). Toraja. In P. Hockings (Ed.), Encyclopaedia of World Cultures 
(Volume V: East and Southeast Asia) (pp. 281–283). New York: G.K. Hall & Co. 

Agency, P. C. A. (1975). Palauan legends. Palau: Palau Community Action Agency. 

Akin, D. (2004). Ancestral Vigilance and the Corrective Conscience: Kastom as Culture in a 
Melanesian Society. Anthropological Theory, 4(3), 299–324. 

Anderson, J. (1890). The Selungs of the Mergui Archipelago. London: Trubner & Co. 

Angleviel, F. (1994). Les Missions à Wallis et Futuna au XIXe Siécle. Bordeaux: Presses 
Université de Bordeaux. 

Aswani, S. (2000). Changing Identities: The Ethnohistory of Roviana predatory Headhunting. 
Journal of the Polynesian Society, 109, 39–70. 

Baaren, T. van. (1968). Korwars and korwar style: Art and ancestor worship in North-West 
New Guinea. Munich: Walter de Gruyter. 

Baier, M. (2007). The Development of a New Religion in Kalimantan, Central Borneo. Asian 
Anthropology, 6(1), 169–182. 

Baldick, J. (2013). Ancient Religions of the Austronesian World: From Australasia to 
Taiwan. London: I.B. Tauris. 

Barnes, R. (1974). Kedang: A Study of the Collective Thought of an Eastern Indonesian 
People. People. Oxford: Claredon Press. 

Barton, R. F. (1922). Ifugao Economics. Berkeley: University of California Press. 

Barton, R. F. (1946). The religion of the Ifugao. New Haven: American Anthropological 
Association. 

Beatty, A. (1992). Society and Exchange in Nias. Oxford: Claredon Press. 

Benedict, J. (1934). Patterns of Culture. Boston: Houghton Mifflin. 

Birket-Smith, K. (1956). An Ethnological Sketch of Rennell Island, a Polynesian Outlier in 
Melanesia. Copenhagen: Bianco Lunos Bogtrykkeri. 

Blackwood, B. (1935). Both Sides of Buka Passage: An Ethnographic Study of Social, 
Sexual, and Economic Questions in the North-Western Solomon Islands. Oxford: 
Clarendon. 

Bogesi, G. (1948). Santa Isabel, Solomon Islands. Oceania, 18(4), 208–232. 

Bollig, L. (1927). The inhabitants of the Truk Islands: religion, life and a short grammar of a 
Micronesian people. Aschendorff: Munster i W. 

Buck, P. (1971). Ethnology of Mangareva. Honolulu: Bernice P. Bishop Museum. 

Buck, P. H. (1952). The Coming of the Maori. New Haven: Human Relations Area Files 
Press. 



	

187 
	

Burrows, E. G., & Spiro, M. E. (1957). An atoll culture: Ethnography of Ifaluk in the central 
Carolines. Connecticut: Greenwood Press Publishers. 

Burrows, E. (1936). Ethnology of Futuna. Honolulu: Bernice P. Bishop Museum. 

Burt, B. (1994). Tradition and Christianity: The Colonial Transformation of a Solomon 
Islands Society. Chur: Harwood Academic Publishers. 

Campbell, I. C. (2001). Island Kingdom: Tonga Ancient and Modern. Christchurch: 
Canterbury University Press. 

Capell, A. (1958). The Culture and Language of Futuna and Aniwa, New Hebrides. Sydney: 
University of Sydney. 

Carano, P., & Sanchez, P. C. (1966). A Complete History of Guam. Rutland: C. Tuttle. 

Cauquelin, J., & Caquelin, J. (2004). The Aborigines of Taiwan: The Puyuma: From 
Headhunting to the Modern World. The Contemporary Pacific, 18(2), 459–461. 

Chen, C., & Coe, M. D. (1954). An Investigation of Ami Religion. Quarterly Journal of the 
Taiwan Museum, 8(3-4), 249–262. 

Chowning, A., & Goodenough, W. (1965). Lakalai political organization. Anthropological 
Forum, 1(3-4), 412–473. 

Codrington, R. H. (1881). Religious Beliefs and Practices in Melanesia. The Journal of the 
Anthropological Institute of Great Britain and Ireland, 10, 261–316. 

Codrington, R. H. (1891). The Melanesians: Studies in their Anthropology and Folk-lore. 
Oxford: Clarendon Press. 

Cole, F. (1956). The Bukidnon of Mindanao. Chicago: Chicago Natural History Museum. 

Cole, F., & Gale, A. (1922). The Tinguian: Social, religious, and economic life of a 
Philippine tribe. Chicago: Field Museum of Natural History. 

Cummins, H. G. (1977). Tongan Society at the Time of European Contact. In Friendly 
Islands: A History of Tonga. Melbourne: John Sands Ltd. 

Cunningham, C. (1967). Recruitment to Atoni descent groups. Anthropological Quarterly. 

Cunningham, L. (1992). Ancient Chamorro Society. Honolulu: The Bess Press Inc. 

Cunningham, L. J. (1997). The Ancient Chamorros of Guam. In R. R. Carter, L.D., Wuerch, 
W.L., & Carter (Ed.), Guam History: Perspectives. Mangilao, Guam: University of 
Guam. 

Davenport, W. (2005). Santa Cruz Island Figure Sculpture and its Social and Ritual 
Contexts. Philadelphia: University of Pennsylvania Press. 

Deacon, A. B. (1934). Malekula: A Vanishing People in the New Hebrides. London: George 
Routledge and Sons. 

Dobbin, J. (2011). Summoning the powers beyond: Traditional religions of Micronesia. 
Honolulu: University of Hawaii Press. 



	

188 
	

Downs, R. (1956). The Religion of the Bare’e-speaking Toradja of Central Celebes. New 
Haven: Human Relations Area Files. 

Dozier, E. (1966). Mountain arbiters: The changing life of a Philippine hill people. Tuscan: 
University of Arizona Press. 

Dureau, C. (2000). Skulls, Mana and Causality. The Journal of the Polynesian Society, 
109(1), 71–97. 

Eder, J. F. (1987). On the road to tribal extinction: Depopulation, deculturation, and 
adaptive well-being among the Batak of the Philippines. Berkeley: University of 
California Press. 

Edgerton, R. K. (1993). Bukidnon. In D. Levinson (Ed.), Encyclopedia of World Cultures 
(pp. 52–55). G. K. Hall & Company. 

Elbert, S.H. & Monberg, T., Elbert, S. H., & Monberg, T. (1965). From the Two Canoes: 
Oral Traditions on Rennell and Bellona Islands. Honolulu: University of Hawaii Press. 

Emory, K. P. (1965). Kapingamarangi: Social and Religious Life of a Polynesian Atoll. 
Honolulu: Bernice P. Bishop Museum. 

Epstein, T. S. (1968). Capitalism, primitive and modern: Some aspects of Tolai economic 
growth. Canberra: Australian National University Press. 

Erland, A. (1914). The Marshall Islanders: Life and Customs, Thought and Religion of a 
South Seas People. New Haven: Human Relations Area Files Press. 

Er-wei, J. T. (1974). Notes on the religious beliefs and rituals of the Ami of Formosa. 
Philippine Quarterly of Culture and Society, 2(3), 115–122. 

Feinberg, R. (1991). Anuta. In Encyclopaedia of World Cultures (Volume II: Oceania) (pp. 
13–16). G.K. Hall & Co. 

Ferdon, E. N. (1981). Early Tahiti as the Explorers saw it, 1767-1797. Tuscan: University of 
Arizona Press. 

Ferdon, E. N., & Fordon, E. N. (1993). Early Observations of Marquesan Culture, 1595-
1813. Tuscan: The University of Arizona Press. 

Ferrell，R. (1969). Taiwan aboriginal groups: Problems in cultural and linguistic 
classification. Taipei: Academa Sinica. 

Finley, J. P., & Churchill, W. (1913). The Subanu: Studies of a sub-Visayan mountain folk of 
Mindanao. Washington D.C.: The Carnegie Institution. 

Firth, R. (1959). Social Change in Tikopia: Re-Study of a Polynesian Community after a 
Generation. London: Allen and Unwin. 

Firth, R. (1967). Ritual and Belief in Tikopia. London: Allen and Unwin. 

Firth, R. W. (1961). History and Traditions of Tikopia. Wellington: The Polynesian Society. 

Force, R. W. (1960). Leadership and cultural change in Palau. Chicago: Chicago Natural 
History Museum. 



	

189 
	

Forth, G. (1980). Rindi: an ethnographic study of a traditional domain in Eastern Sumba. 
The Hague: Martinus Nijhoff. 

Fox, J. J. (1972). Savunese. In F. Lebar (Ed.), Ethnic Groups of Insular Southeast Asia (pp. 
77–80). New Haven: Human Relations Area Files. 

Fox, J. J. (1977). Harvest of the Palm: Ecological Change in Eastern Indonesia. 
Massachusetts: Harvard University. 

Fox, J. J. (1993). Roti. In Encyclopaedia of World Cultures (Volume V: East and Southeast 
Asia) (pp. 212–215). New York: G.K. Hall & Co. 

Fox, R. B. (1982). Tabanuwa Religion and Society. Manila: National Museum. 

Frake, C. O. (1957). Sindangan social groups. Philippine Sociological Review, 5(2), 2–11. 

Geddes, W. R. (1961). Nine Dayak Nights. London: Oxford University Press. 

Geirnaert-Martin, D. (1992). The woven land of Laboya : socio-cosmic ideas and values in 
West Sumba, Eastern Indonesia. Leiden: Centre of Non-Western Studies, Leiden 
University. 

Gifford, E. W. (1929). Tongan Society, Bulletin 61. Honolulu: Bernice P. Bishop Museum. 

Gill, W. (1856). Gems from the coral islands. Gisbourne: Te Rau Herald Print. 

Gilson, R. & Crocombe, R. (1980). The Cook Islands 1820-1950. Wellington: Victoria 
University Press. 

Goldman, I. (1955). Status Rivalry and Cultural Evolution in Polynesia. American 
Anthropologist, 57(4), 680–697. 

Goodenough, W. (2002). Under Heaven’s Brow: Pre-Christian Religious Tradition in Chuuk. 
PA: American Philosophical Society. 

Goodenough, W. H. (1991). Truk. In T. Hays (Ed.), Encyclopedia of World Cultures (pp. 
351–354). New York: G. K. Hall & Company. 

Gow, B. A. (1981). Independency among the Merina, 1833-1929. The International Journey 
of African Historical Studies, 14(2), 229–253. 

Graebner, F. & Schultz, F. (1909). Ethnography of the Santa Cruz Islands. New Haven: 
Human Relations Area Files Press. 

Gray, W. (1899). Notes on the Natives of Tanna. The Journal of the Anthropological Institute 
of Great Britain and Ireland, 28(1/2), 127–132. 

Grimble, A, & Grimble, R. (1972). Migrations, Myth, and Magic from the Gilbert Islands. 
Routleilge and Kegan Paul, Lonilon. London: Routledge. 

Grimble, AF, & Maude, H. E. (1989). Tungaru traditions: writings on the atoll culture of the 
Gilbert Islands. Honolulu: University of Hawaii Press. 

Groves, M. (1991). Motu. In T. E. Hays (Ed.), Encyclopaedia of World Cultures (Volume II: 
Oceania) (pp. 222–238). New York: G.K. Hall & Co. 



	

190 
	

Gwilliam, J. W. (1982). Some Religious Aspects of the Hiri. In T. E. Dutton (Ed.), The Hiri 
in History. Canberra: Australian National University Press. 

Hadfield, E. (1920). Among the natives of the Loyalty Group. London: Macmillan and Co. 

Hanlon, D. (1988). Upon a Stone Altar: A History of the Island of Pohnpei to 1890. 
Honolulu: University of Hawaii Press. 

Hau’ofa, E. (1971). Mekeo chieftainship. The Journal of the Polynesian Society, 80(2), 152–
169. 

Hau’ofa, E. (1981). Mekeo. Canberra: ANU Press. 

Held, J. A. (1957). The Papuans of Waropen. The Hague: Martinus Nijhoff. 

Henley, D. (2006). Nationalism and regionalism in a colonial context. Leiden: KITLV Press. 

Hicks, D. (1972). Tetum. In F. M. Lebar (Ed.), Ethnic Groups of Insular Southeast Asia 
(Vol.I). New Haven: Human Relations Area Files Press. 

Hicks, D. (2004). Save to My Library Account Tetum : ghosts and kin : fertility and gender in 
East Timor. Long Grove: Waveland Press. 

Hisakatsu, H. (1995). Gods and religion of Palau. Japan: Sasakawa Peace Foundation. 

Hocart, A. (1931). Warfare in Eddystone of the Solomons. The Journal of the Royal 
Anthropological Institute of Great Britain and Ireland, 61, 301–324. 

Hockings, P. (1993). Ifuago. In P. Hockings (Ed.), Encyclopaedia of World Cultures (Volume 
5 East and Southeast Asia). New York: G. K. Hall & Company. 

Hogbin. (1970). The island of menstruating men : Religion in Wogeo, New Guinea. Illinois: 
Waveland Press. 

Hogbin, H. (1935). Native Culture of Wogeo—Report of Field Work in New Guinea. 
Oceania, 5(3), 308–337. 

Hogbin, H. I. (1934). Law and order in Polynesia: a study of primitive legal institutions. 
London: Christophers. 

Hogbin, H. I. (1939). Experiments in Civilization: The Effects of European Culture on a 
Native Community of the Solomon Islands. London: George Routledge & Sons, Ltd. 

Hogbin, H. I. (1978). The leaders and the led: Social control in Wogeo, New Guinea. 
Melbourne: Melbourne University Press. 

Hose, C., & McDougall, W. (1912). The pagan tribes of Borneo. London. 

Howe, K. R. (1974). Firearms and indigenous warfare: A case study. The Journal of Pacific 
History, 9(1), 21–38. 

Howe, K. R. (1977). The Loyalty Islands: A history of culture contacts 1840-1900. Honolulu: 
The University Press of Hawaii. 

Huang, Y. (1993). Bunun. In Encyclopaedia of World Cultures (Volume 5 East and Southeast 
Asia) (pp. 55–58). New York: G.K. Hall & Co. 



	

191 
	

Huang, Y. (1995). The “Great Men” model among the Bunun of Taiwan. Austronesian 
Studies Relating to Taiwan, 59–107. 

Humphreys, C. B. (1926). The Southern New Hebrides: An Ethnological Record. Cambridge: 
Cambridge University Press. 

Huntington, R., & Metcalf, P. (1979). Celebrations of death: The anthropology of mortuary 
ritual. Cambridge: Cambridge University Press. 

Ivanoff, J. (1992). Equilibre paradoxal: sédentarité et sacralité chez les nomads marins 
moken. Bulletin de L’Ecole Française d’Extrême-Orient, 79(2), 103–130. 

Ivens, W. (1931). The Place of vui and tamate in the Religion of Mota. The Journal of the 
Royal Anthropological Institute of Great Britain and Ireland, 61, 157–166. 

Ivens, W. G. (1930). The Island Builders of the Pacific. London: Service & Co. Ltd. 

Jackson, K. B. (1975). Head-hunting in the Christianization of Bugotu 1861–1900. The 
Journal of Pacific History, 10(1), 65–78. 

Janowski, M. (2003). The Forest, Source of Life: the Kelabit of Sarawak. London: British 
Museum. 

Jenks, A. (2005). The Bontoc Igorot. Manila: Bureau of public printing. 

Jensen, E. (1974). The Iban and their religion. Oxford: Oxford University Press. 

Kamakau, S. M. (1964). Ka Po’E Kahiko: The People of Old. Honolulu: Bernice P. Bishop 
Museum. 

Kamma, F. (1972). Koreri. Messianic movements in the Biak-Numfor culture area. New 
York: Springer. 

Keesing, F. M. (1934). Modern Samoa: Its Government and Changing Life. London: Allen 
and Unwin Ltd. 

Keesing, F. M. (1949). Some Notes on Bontok Social Organization, Northern Philippines. 
American Anthropologist, 51(4), 578–601. 

Keesing, F. M. (1962). The Isneg: Shifting Cultivators of the Northern Philippines. 
Southwestern Journal of Anthropology, 18(1), 1–19. 

Keesing, R. (1982). Kwaio religion: The living and the dead in a Solomon Island society. 
New York: Columbia University Press. 

King, M., & King, P. V. (2003). The Penguin History of New Zealand. Auckland: Pengin. 

Kirch, P. (1994). The pre-christian ritual cycle of Futuna, Western Polynesia. The Journal of 
the Polynesian Society, 103(3), 255–298. 

Kirch, P. (2010). How chiefs became kings: Divine kingship and the rise of archaic states in 
ancient Hawai’i. California: University of California Press. 

Koentjaraningrat. (1972). Manggarai. In F. M. Lebar (Ed.), Ethnic Groups of Insular 
Southeast Asia (Volume I: Indonesia, Andaman Islands and Madagascar). New haven: 



	

192 
	

Human Relations Area Files. 

Kolb, M. (2001). Hawaiian. In P. N. Peregrine & M. Ember (Eds.), Encyclopedia of 
Prehistory Vol. 3: East Asia and Oceania (pp. 66–69). New haven: Human Relations 
Area Files. 

Kroef, J. van der. (1957). Patterns of Cultural Change in Three Primitive Societies. Social 
Research. 

Kubary, J. S. (1969). The religion of the Palauans. Woodstock: Woodstock College. 

Lebar, F. (1972). Ethnic groups of insular southeast Asia. New Haven: Human Relations 
Area Files Press. 

Lewis, E. D. (1993). Ata Tana ’Ai. In D. Levinson (Ed.), Encyclopedia of World Cultures 
Volume 5 - East & Southeast Asia (pp. 22–26). New York: G.K. Hall & Co. 

Linton, R. (1939). Marquesan culture. In The individual and his society: the psychodynamics 
of primitive social organization (pp. 138–196). New York: Columbia University Press. 

Loeb, E. . M. (1935). Sumatra: Its History and People. Oxford: Oxford University Press. 

Loeb, E. M. (1926). History and Traditions of Niue. Honolulu: Bernice P. Bishop Museum. 

Lutkehaus, N. C. (1995). Zaria’s Fire: Gendered Moments in Manam Ethnography. Durham: 
Carolina Academic Press. 

Macdonald, B. (1982). Cinderellas of the Empire: Towards a history of Kiribati and Tuvalu. 
Canberra: Australia National University Press. 

MacGregor, G. (1937). Ethnology of Tokelau Islands. Honolulu: Bernice P. Bishop Museum. 

Malinowsi, B. (1922). Argonauts of the western Pacific: an account of native enterprise and 
adventure in the archipelagoes of Melanesian New Guinea. New Haven: Human 
Relations Area Files Press. 

Maretu, & Crocombe, M. T. (1983). Cannibals and Converts: Radical Change in the Cook 
Islands. Savu: University of the South Pacific. 

Matsuzawa, K. (1989). The social and ritual supremacy of the first-born: Paiwan kinship and 
chieftainship (Unpublished PhD thesis). Syracuse University. 

McGovern, J. (1922). Among the Head-hunters of Formosa. London: T. Fisher Unwin Ltd. 

McKinnon, S. (1991). From a Shattered Sun: Hierarchy, Gender and Alliance in the 
Tanimbar Islands. Wisconsin: The University of Wisconsin Press. 

Metcalf, P. (1976). Who are the Berawan? Ethnic classification and the distribution of 
secondary treatment of the dead in central North Borneo. Oceania, 47(2), 85–105. 

Metcalf, P. (1982). A Borneo journey into death: Berawan eschatology from its rituals. 
Philadelphia: University of Pennsylvania Press. 

Metraux, A. (1940). Ethnology of Easter Island. Honolulu: Bernice P. Bishop Museum. 

Middelkoop, P. (1960). Curse, retribution, enmity as data in natural religion, especially in 



	

193 
	

Timor, confronted with the scripture. Amsterdam: Drukkerij En uitgeverij Jacob Van 
Campen. 

Monberg, T. (1991). Bellona Island Beliefs and Rituals. Honolulu: University of Hawaii 
Press. 

Nimmo, H. A. (2001). Magosaha: An Ethnography of the Tawi-Tawi Sama Dilaut. Manila: 
Ateneo De Manila University Press. 

Nooy-Palm, H. (1979). The Sa’dan-Toraja: A study of their social life and religion. The 
Hague: Martinus Nijhoff. 

Nowak, B. S. (1993). Selung / Moken. In Encyclopedia of World Cultures (Volume V: East 
and Southeast Asia). New York: G. K. Hall & Company. 

O’Ferrall, W. (1904). Native Stories from Santa Cruz and Reef Islands. The Journal of the 
Anthropological Institute of Great Britain and Ireland, 34, 22–233. 

Oliver, D. (2002). On Becoming Old in Early Tahiti and in Early Hawaii. Papeeta: Societe 
des Etudes Oceaniennes. 

Parkinson, R. (1999). Thirty Years in the South Seas. Bathurst: Crawford House Publishing. 

Pita, R. & Price, A. V. G. (1975). Traditional Motu Customs. Port Moresby: Institute of 
Papua New Guinea Studies. 

Ray, S. (1917). The People and Language of Lifu, Loyalty Islands. The Journal of the Royal 
Anthropological Institute of Great Britain and Ireland, 47, 239–322. 

Riesenberg, S. (1968). The Native Polity of Ponape. Washington: Smithsonian Institution 
Press. 

Robertson, H. A. (1902). Erromanga: The Martyr Isle. New York: A. C. Armstrong and Son. 

Rousseau, J. (1998). Kayan religion: Ritual life and religions reform in central Borneo. 
Leiden: KITLV Press. 

Sahlins, M. (2004). Apologies to Thucydides: Understanding History as Culture and Vice 
Versa. Chicago: University of Chicago Press. 

Sahlins, M. D. (1958). Social stratification in Polynesia. Seattle: University of Washington 
Press. 

Sather, C. (1993). Bajau Laut. In P. Hockings (Ed.), Encyclopaedia of World Cultures 
(Volume V: East and Southeast Asia) (pp. 30–35). New York: G.K. Hall & Co. 

Sather, C. (1997). The Bajau Laut: Adaptation, History, and Fate in a Maritime Fishing 
Society of South-eastern Sabah. Oxford: Oxford University Press. 

Scarr, D. (1984). Fiji: A short history. Sydney: George Allen and Unwin. 

Scharer, H. (1946). Ngaju Religion: The Conception of God Among a South Borneo People. 
Berlin: Springer Science. 

Scheffler, H. (1962). Kindred and kin groups in Simbo Island social structure. Ethnology, 



	

194 
	

1(2), 135–157. 

Scheffler, H. (1965). Choiseul Island Social Structure. Berkeley: University of California 
Press. 

Schiller, A. (1997). Small Sacrifices: Religious Change and Cultural Identity among the 
Ngaju of Indonesia. Oxford: Oxford University Press. 

Schouten, M. J. C. (1998). Leadership and Social Mobility in a Southeast Asian society: 
Minahasa, 1677-1983. Leiden: KITLV Press. 

Schulte Nordholt, H. G. (1971). The Political System of the Atoni of Timor. The Hague: 
Nijhoff. 

Seligmann, C. G. (1910). The Melanesians of British New Guinea. London: Cambridge 
University Press. 

Sibeth, A. (1991). Living with Ancestors: The Batak - Peoples of the Island of Sumatra. 
London: Thames and Hudson. 

Sibree, L. (1870). Madagascar and its People: Notes of a Four Years’ Residence. London: 
William Clowes and Sons. 

Sissons, J. (1989). The Seasonality of Power: The Rarotongan Legend of Tangiia. The 
Journal of the Polynesian Society, 98(3), 331–347. 

Smith, S. P. (1892). Futuna; or, Horne Island and its People, Western Pacific. The Journal of 
the Polynesian Society, 1(1), 33–52. 

Speiser, F. (1923). Ethnology of Vanuatu: an Early Twentieth Century Study. Bathurst: 
Crawford House Press. 

St. John, S. (1862). Life in the forests of the Far East. Kuala Lumpu: Oxford University 
Press. 

Suggs, R. C. (1966). Marquesan Sexual Behaviour. London: Constable and Company. 

Sutlive, V. H. (1973). From Longhouse to PASAR: urbanization in Sarawak, East Malaysia. 
Ann Arbor: University Microfilms. 

Talla, Y. (1979). The Kelabit of the Kelabit Highlands, Sarawak. Anthrosection School of 
Comparative Social Sciences, University Sains Malaysia. 

Thomas, T. D. (2003). Things of Roviana (PhD Thesis). Hunedin: University of Otago. 

Valentine, C. A. (1965). The Lakalai of New Britain. In Gods, Ghosts, and Men in Melanesia 
(pp. 162–197). Sydney: Halstead Press. 

Valeri, V. (1985). Kingship and sacrifice: Ritual and society in ancient Hawaii. Chicago: The 
University of Chicago Press. 

Van Dijke, T., & Jonge, N. (1995). Forgotten Islands of Indonesia: The Art and Culture of 
the Southern Moluccas. Singapore: Eric Oley. 

Vanoverbergh, M. (1954). Religion and Magic among the Isneg Part III: Public Sacrifices. 



	

195 
	

Anthropos, 49(1-2), 233–275. 

Wallace, B. (2013). Weeds, Roads, and God: A Half-Century of Culture Change among the 
Philippine Ga’dang. Long Grove: Waveland Press. 

Warren, C. P. (1964). The Batak of Palawan: A culture in transition. Chicago: University of 
Chicago. 

Waterhouse, J. (1866). The king and people of Fiji. Auckland: Pasifika Press. 

Wedgwood, C. (1934). Report on research in Manam Island, mandated territory of New 
Guinea. Oceania, 4(4), 373–403. 

White, G. M. (1991). Identity Through History: Living Stories in a Solomon Islands Society. 
Cambridge: Cambridge University Press. 

White, G. M. (1992). The Discourse of Chiefs: Notes on a Melanesian Society. The 
Contemporary Pacific, 4(1), 73–108. 

Whiteman, D. L. (2002). Melanesians and Missionaries: an ethnohistorical study of social 
and religious change in the Southwest Pacific. Eugene: Wipf and Stock Publishers. 

Young, M. W. (1979). The ethnography of Malinowski. London: Routledge & Kegan Paul. 

Young, M. W. (1991). Dobu. In T. E. Hays (Ed.), Encyclopedia of World Cultures (pp. 49–
52). New York: G. K. Hall & Company. 

	

 



196 
	
	

11.  Appendix to Chapter 5: Supplementary data and results 

 

11.1. Supplementary Tables 

Supplementary Table 11.1 Cultures, Data and Sources.   
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Ami 23.7 121.5 350 1 2 63,000 1945 1953 

Alvarez, (1927),  
Er-wei (1974),  
Lebar (1972),   
Mabuchi (1971), & 
Shiun-Wey (2003) 

Atayal 24.5 121.3 255 3 2 43,000 1946 1953 

Alvarez (1927),  
Lebar (1972), &  
Reid (2010) 

Atoni -9.8 124.1 42 4 2 

250,00

0 1920 1965 

Cunningham (1964, 1965, 
& 1967),   
Cunningham (1992), 
McWilliam (1991), & 
Schulte Nordholt (1971) 

Berawan 3.8 114.5 45 0 1 1,600 1945 1970 

Huntington & Metcalf 
(1979), &  
Metcalf (1976, 1982, & 
1989) 

Biak  -1 136 106 1 2 30,000 1908 1915 

Galis (1970),  
Kamma (1972),  
Kroef (1957), &  
Rutherford (2000, & 
2003) 

Bontok 17 121 36 0 3 30,000 1900 1930 

Howell (2009),  
Keesing (1949),  
Lebar (1972), &  
McKay (2006) 

Bukidnon 8.2 125 415 2 2 13,000 1885 1893 Cole (1956), &  
Edgerton (1993) 

Bunun 23.5 121 202 1 1 20,000 1948 1965 

Alvarez (1927),  
Huang (1993), 
Koentjaraningrat (1972), 
& 
Yang (2005 & 2008) 
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Chamorro 13.4 144.7 18 1 3 28,000 1668 1695 

Carano & Sanchez 
(1966), 
Cunningham (1992), 
De Frutos & De la Rosa 
(2012), & 
Hezel (1973 & 1982) 

Cheke Holo -8.2 159.6 209 2 1 2,000 1880 1905 White (1991) 

Choiseul -7 157 139 1 2 8,000 1904 1928 Scheffler (1964, 1965 & 
1991) 

Chuuk 7.4 151.6 349 2 2 12,000 1874 1920 

Dietrich (2011), & 
Goodenough (1991 & 
2002) 

Dobu -9.8 150.9 218 1 1 2,000 1891 1910 Fortune (1932), & Young 
(1991) 

Eastern 

Toraja -1.7 120.8 208 1 3 40,000 1891 1930 

Adriani & Kruyt (1970), 
Cote (2011), & 
Downs (1956) 

East Sumba  -9.9 120.3 330 2 3 78,000 1904 1980 Forth (1980), & 
Keane (2007) 

Eromanga -18.8 169.2 464 2 2 2,000 1857 1880 

Crowley (1997 & 2001), 
Humphreys (1926), 
Robertson (1902), & 
Speiser (1923) 

Fiji (East) -18 178.6 11 3 3 90,000 1835 1865 

McArthur (1967), 
Scarr (1984), & 
Thornley (1979) 

Futuna 

(East) -14.3 -178 210 2 2 800 1837 1842 

Angleviel (1994), 
Burrows (1936) 
Kirch (1994), 
Likuvalu (1988), 
Sahlins (1958), & 
Smith (1892) 

Futuna 

(West) -19.5 170.2 261 2 2 900 1842 1890 

Capell (1958), & 
Gunn (1914) 

Gaddang 
(Pagan) 17.2 121.5 418 1 1 2,500 1945 1975 Lebar (1972), & 

Wallace (2013) 

Hawaii 19.6 -155.5 52 4 3 

150,00

0 1810 1825 

Kirch (1990), 
Kirch (2010), 
Kolb (2001) 
Linnekin (1991), & 
Schmitt (1971) 

Iban 2.1 112 28 0 2 

150,00

0 1847 1987 

Austin (1977), 
Kheung (2006), 
Lebar (1972), 
Sutlive (1973), & 
Wagner (1972) 

Ifugao  16.7 121.2 420 0 2 60,000 1767 1972 

Barton (1922), 
Beatty (1993), 
Dumia (1979), 
Hockings (1993), 
Keesing & Keesing 
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(1934), & 
Lebar (1972) 

Kalinga  17.4 121.2 429 0 1 30,000 1900 1915 

Dozier (1966), 
Keesing & Keesing 
(1934), & 
Onoe (2011) 

Kapingamar

a-ngi 1.1 154.8 217 1 2 300 1918 1918 

Emory (1965), & 
Lieber (1977) 

Kelabit 3.7 115.5 60 1 2 1,500 1930 1955 

Janowski (2003), 
Lebar (1972), & 
Talla (1979) 

Kiribati -1.2 174.8 346 2 2 30,000 1857 1894 

Grimble & Maude (1989), 
Lambert (1991), & 
Macdonald (1982) 

Kwaio -9 160.9 66 0 2 6,000 1900 1965 

Keesing (1967a, 1967b & 
1982), & 
McLaren, Asugeni, 
Asugeni, & Kekeubata 
(2009) 

Kwara'ae -8.7 160.8 213 0 1 7,000 1890 1915 Burt (1994) 

Lifou -21 167.2 196 3 3 6,000 1842 1855 

Angleviel (1994), 
Hadfield (1920), 
Howe (1974, & 1977), 
Izoulet (1993), & 
MacFarlane (1873) 

Mangareva -23.1 -135 239 2 2 1,500 1834 1836 

Buck (1971), 
Henningham (1992), & 
Sahlins (1958) 

Manggarai -8.6 120.3 84 3 3 

155,00

0 1921 1940 

Erb (1987, & 1997), 
Kartomi (2001), & 
Koentjaraningrat (1972) 

Maori -39 175.8 85 2 2 

110,00

0 1814 1845 

King (2003), 
Latham (1991), 
Orange (1990), & 
Sahlins (1958) 

Mare -21.5 168 99 2 3 4,300 1841 1854 

Angleviel & Levine 
(2008), 
Guiart (1952), & 
Howe (1977) 

Marquesas -8.9 -140.2 38 1 2 20,000 1797 1880 

Ferdon & Fordon (1993), 
Sahlins (1958), 
Suggs (1966), & 
Thomas (1990) 

Marshall 

Islands 9.3 167.4 344 3 3 9,000 1857 1897 

Carucci (1991), 
Erland & Erdland (1914), 
Hezel (1982), 
Tobin (1952), & 
Williamson & Sabath 
(1982) 

Merina -18.9 47.5 92 3 3 500,00 1820 1877 Berg (1988), 
Berger (2012), 
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0 Bloch (1977), 
Campbell (1991), & 
Sibree (1870) 

Minahasa 1.3 124.9 137 2 2 93,000 1831 1857 

Henley (1996), 
Lundstrom-Burghoorn 
(1981), & 
Schouten (1998) 

Mota -13.8 167.7 25 0 1 1,200 1858 1881 Codrington (1881), & 
Whiteman (2002) 

Ngaju -1.6 113.9 360 0 3 50,000 1836 1974 

Miles (1970), 
Scharer (1946), & 
Schiller (1997) 

Nias 1.2 97.5 104 2 3 

200,00

0 1865 1930 

Beatty (1992), 
Lebar (1972), 
Loeb (1935), & 
Suzuki (1958) 

Ontong Java -5.3 159.4 238 2 2 1,300 1906 1935 

Donner (1991), 
Goldman (1955, & 1970), 
Nau & Davidson (1996), 
& 
Sahlins (1958) 

Palau 7.4 134.6 109 2 3 5,600 1891 1945 

Force (1960),  
Gorenflo (1996),  
Machiko (2002), & 
Palau Community Action 
Agency (1975) 

Pohnpei 6.9 158.2 179 2 2 5,000 1852 1865 

Hanlon (1988, & 1991), 
Hezel (1983), & 
Riesenberg (1968) 

Puyuma 22.8 121.1 271 1 1 6,000 1950 1956 

Cauquelin & Caquelin 
(2004), 
Lebar (1972), & 
Schröder (1966) 

Rapa Nui -27.1 -109.4 264 2 2 200 1863 1866 

Hays (1991), 
Kirch (1984), 
Metraux (1940), & 
Sahlins (1958) 

Rarotonga -21.2 -159.8 58 2 3 6,500 1823 1830 

Gilson & Crocombe 
(1980), 
McArthur (1967), & 
Sissons, 1989) 

Roviana -8.1 157.5 117 2 3 3,000 1902 1905 

Aswani (2008), 
Brown (1908), 
McDougall (2008), 
Nagaoka (1999, & 2011), 
Somerville (1897), & 
Thomas (2003) 

Samoa -13.9 -171.8 118 3 3 40,000 1828 1836 

Gilson (1970),  
Green (2007) 
Keesing (1934), 
Kirch (1984), & 
Sahlins (1958) 
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Simbo -8.3 156.5 473 2 1 400 1903 1917 

Bayliss-Smith (2006), 
Dureau (2001a, & 2001b), 
& 
Scheffler (1962) 

Southern 

Toraja -2.5 120.1 226 4 3 

186,00

0 1913 1972 

Adams (1993), & 
Nooy-Palm (1979) 

Tahiti -17.6 -149.4 173 3 3 45,000 1797 1815 

Ferdon (1991), 
Hanson (1973), 
Levy (1973), 
Oliver (2002), 
Rallu (2007), & 
Sahlins (1958) 

Tanimbar -7.5 131.5 78 1 3 10,000 1910 1940 

Lebar (1972), 
McKinnon (1991), & 
Van Dijke & Jonge 
(1995) 

Tanna -19.5 169.4 228 2 2 6,000 1839 1909 

Bonnemaison (1991, & 
1994), 
Gray (1899), 
Humphreys (1926), & 
Rallu (1991) 

Tikopia -12.3 168.8 155 2 2 1,300 1901 1930 

Firth (1936, & 1970), 
Firth (1959), 
Kirch & Yen (1982), 
Kirch (1997), & 
Sahlins (1958) 

Toba Batak 2.3 99 188 3 2 

280,00

0 1830 1927 

Lebar (1972), & 
Purba (2005) 

Tokelau -9.4 -171.2 245 2 2 530 1845 1860 

Hooper & Huntsman 
(1973), 
Huntsman & Hooper  
(1991), & 
MacGregor (1937) 

Tolai -4.5 151.5 382 1 2 30,000 1875 1905 

Epstein (1991, & 1999), 
& 
Epstein (1968) 

Tonga -21.1 -175.2 136 3 3 30,000 1797 1840 

Besnier (2011), 
Burley (2007), 
Cummins (1977, & 1987), 
Ferdon (1987), & 
Tupouniua (1977) 

Wogeo -3.2 144.1 146 1 2 850 1934 1950 

Anderson (2011), 
Hogbin (1978), & 
Hogbin (1935) 
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Table 11.2. Phylogenetic Signal in Variables. K indicates the mean value of Blomberg’s K 

across the sample of 4,200 trees for each of the variables used. Standard deviations are 

indicated in brackets. The p value indicates whether the trait is significantly phylogenetically 

patterned. Significance levels: * < .05; ** < .01; ***< .001. 

Variable K p 

Political Complexity 0.68 (0.03) 0.022* (0.011) 

Social Inequality 0.69 (0.05) 0.023* (0.055) 

Population Size 0.71 (0.04) 0. 100 (0.029) 

Length of Conversion Time 0.47 (0.04) 0.552 (0.062) 

 

 

	 	



202 
	
	

  

Table 11.3. Results of Bivariate PGLS-spatial Analysis of Political Complexity and 

Length of Conversion Time. The analyses were replicated across a sample of 4,200 

trees and the results of each replication are identical. Significance levels: * < .05; ** < 

.01; ***< .001. 

 

Predictor β Standard Error p-value 

Political Complexity -7.66 4.27 0.085 

Intercept 48.48 8.84 <0.001*** 

Dependency Mean p-value 

Phylogeny (λ) 0 1.00 

Spatial (φ) 0 1.00 

Independent (y) 1 - 
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Table 11.4. Results of Bivariate PGLS-spatial Analysis of Social Inequality and 

Length of Conversion Time. The analyses were replicated across a sample of 4,200 

trees and the results of each replication are identical. Significance levels: * < .05; ** < 

.01; ***< .001. 

 

Predictor β Standard Error p-value 

Social  Inequality 6.95 6.70 0.30 

Intercept 21.15 21.05 0.32 

Dependency Mean p-value 

Phylogeny (λ) 0 1.00 

Spatial (φ) 0 1.00 

Independent (y) 1 - 
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Table 11.5.  Results of Bivariate PGLS-spatial Analysis of Population Size and 

Length of Conversion Time. The analyses were replicated across a sample of 4,200 

trees and the results of each replication are identical. Significance levels: * < .05; ** < 

.01; ***< .001. 

 

Predictor β Standard Error p-value 

Population Size 17.92 5.19 0.001*** 

Intercept -37.42 21.53 0.09 

Dependency Mean p-value 

Phylogeny (λ) 0 1.00 

Spatial (φ) 0 1.00 

Independent (y) 1 - 
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