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Introduction

It is a remarkable fact that despite the plethora of ideas and examples 
contained within it, the Origin of Species contains only a single figure: A 
tree depicting how different species have diverged over time from a 
common ancestor. The metaphor of a branching tree as a way of 
understanding of how the immense diversity of life on earth has arisen 
has become a cornerstone of modern biology. Drawing on Darwin’s 
initial insight many researchers apply ‘tree-thinking’ to tackle questions 
about the pattern and process of biological evolution(1) . Biologists now 
routinely use molecular or morphological data to construct hypotheses 
about the historical relationships between species. These reconstructions, 
or phylogenetic trees, can also be used to test other evolutionary 
hypotheses(2) . This field of phylogenetics has truly taken off in recent 
years, most likely as the result of rapid increases in the amount of genetic 
data available and the ability to analyse it (3) . As Joe Felsenstein has 
written, ‘Phylogenies are fundamental to comparative biology; there is no 
doing it without taking them into account’(4) .
   Just as biologists seek to discover what factors have shaped the 
diversity of living things, certain disciplines within the social sciences 
endeavour to provide explanations for the observed variation in human 
cultural practices and social structures. Over the years researchers have 
also applied tree-thinking to address questions relating to human cultural 
diversity, and the way human societies and cultural traits have changed 
over time. For example, the idea that the historical relationships between 
languages can be represented as a family tree is the dominant paradigm 
in historical linguistics(5) . Indeed, phylogenetic understanding and 



techniques may even predate the Origin(6) . Anthropologists have also 
proposed that tree-thinking is important in understanding human cultural 
and social diversity. In the 1950s and 60s researchers such as Kim 
Romney and Evon Vogt argued that there was no necessity for features 
such as physical characteristics, languages, and cultural practices to 
correspond. Therefore when similarities across these features were found 
between groups, this could be taken as evidence that these groups had 
descended from a common ancestral population. This insight could then 
be used to develop hypotheses about where, when and how these groups 
had diverged and to trace the changes in cultural practices over time(7) . 
Unfortunately, these techniques were not developed due to the turn that 
cultural anthropology took during the following decades, moving away 
from scientific investigations in general and evolutionary issues in 
particular(8) . However, such phylogenetic thinking has been central to 
the work of certain anthropologists particularly Roger Green and Pat 
Kirch in Polyneisa, and Peter Bellwood(9) in the wider grouping of 
Austronesian-speaking societies (see below). 
   More recently, there has been a growing awareness that the same kinds 
of phylogenetic techniques that have proved so insightful in evolutionary 
biology could be productively applied to social and cultural data(10) . 
Older applications of tree-thinking were often presented as verbal 
arguments, involving many implicit assumptions and hefty doses of 
subjective judgments by a particular researcher. However, these modern 
cultural phylogenetic approaches are characterized by the use of more 
quantitative, computational techniques in order to make the assumptions 
involved explicit, and to provide more rigorous assessments of competing 
hypotheses. 
   Analyses involving phylogenies can generally be classified into two 
broad categories; 1) the structure of phylogenetic trees can be used to 
make inferences about the sequence and timing of divergence of the 
units under investigation, 2) traits can be mapped onto phylogenetic trees 
to make comparative inferences about trait evolution. In this chapter, 
I will focus on the second kind of analysis which involves the use of 
phylogenetic comparative methods (PCMs).
   PCMs offer a way to address important issues in human cultural 
evolution that complement more traditional forms of analysis in the 
social sciences. Questions relating to human cultural diversity and 
prehistory are fundamentally about the pattern, process and rate of change 
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of culturally inherited traits over time. Traditionally such questions 
have been addressed by the comparison of contemporary societies or 
through the archaeological record. However, both forms of data have 
problems. The archaeological record is incomplete both in terms of the 
coverage of societies in space and time, and in the type of information 
that is preserved; many aspects of culture or social organization are not 
preserved directly but instead must be inferred using the existing material 
remains. While the eye-witness accounts of societies from the present or 
recent past is more detailed with respect to these features, they are limited 
in what they can say about changes over time. However, by combining 
ethnographic information with our best estimate of the phylogenetic 
relationships between societies, historical inferences can be drawn from 
synchronic data.  

Phylogenetic trees for cross-cultural comparisons   

PCMs require a phylogenetic tree onto which the traits of interest can be 
mapped. The phylogenetic tree which represents the historical 
relationships between groups needs to be established using an appropriate 
form of data. For humans two main sources of data have been used: 
genetic, and linguistic(11) . Phylogenies built from linguistic data, which 
therefore reflect the history of speech communities, are probably more 
suitable for the purposes of cross-cultural comparison for a number of 
reasons. Frequency dependent processes such as conformism act on 
linguistic traits and cultural traits such as social structure to maintain the 
cultural integrity of groups(12) . This is likely to make many cultural and 
linguistic traits follow broadly similar evolutionary pathways despite a 
flow of people (and therefore genes) across cultural group boundaries. 
These mechanisms mean that we would not necessarily expect a one-to-
one relationship between population histories provided by genes and 
those provided by cultural data such as language. Also, languages evolve 
over a more suitable time-scale and therefore provide a better resolution 
of the relationships between societies than do genetic data. Finally, in 
practical terms some degree of linguistic information is available for the 
vast majority of societies and is somewhat less controversial to collect 
and use than genetic information. 
   In this chapter, I want to emphasize the distinction between building
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phylogenetic trees and using such trees to make inferences about the 
evolution of other traits. Therefore, I will not discuss how phylogenetic 
trees are constructed in great detail (it is also a highly specialized and 
technical topic) (13) . Briefly, however, lexical items (‘words’) are the most 
common form of data used in building linguistic trees. Words are suitable 
because the match between sound and meaning is generally arbitrary so 
that similarities between words are likely to reflect a shared history. 
Historical linguists have a rigorous comparative method based on regular 
sound changes across languages to assess whether words are related or 
not (related words are said to be cognate).  For example, the word for 
hand in Samoa is lima, in Tahitian it is rima, while in Maori it is ringa, 
all these words are cognate. The verb “spit” in Maori is tuha, which is 
cognate with the Tahitian tutuha. However, this form is not cognate with 
the Samoan word anu. This suggests that Tahitian and Maori are more 
closely related to each other than both are to Samoan. By building up 
data on a number of words across a number of languages we can begin to 
test hypotheses about how those languages are related historically. 
Computational phylogenetic methods take these data on shared cognates 
and build trees that best explain the data according to some optimality 
criterion (such as the minimum number of evolutionary changes, or 
Maximum Likelihood).

How PCMs work

Phylogenetic comparative methods (PCMs) make statistical inferences 
about evolutionary processes by mapping traits onto a phylogenetic tree 
(or sample of trees) that represents a hypothesis about the historical 
relationships between the units of analysis(14) . PCMs were originally 
developed in the biological sciences and a variety of methods have since 
been developed to address a range of questions about biological 
evolution(15) . The logical proposition that these techniques are based on 
is that given data about the present distribution of traits across taxa and 
knowledge about the historical relationships between these taxa, it is 
possible to infer what the traits were like in the past, and how they have 
changed to give rise to their present distribution (16) .
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   Figure 1 gives an example of how PCMs work. First, trait data from 
contemporary societies are mapped onto the tips of the phylogenetic tree 
(the tree having been previously constructed using other data such as 
language). These traits can be any feature of societies you are interested 
in (previous examples include inheritance and residence systems, 
marriage practices, and even lactose tolerance(17) ). By doing this we can 
infer what state these traits took in ancestral societies, and how and when 
traits have changed over time. This allows us to answer questions that are 
simply not possible with more traditional techniques, such as: What is the 
ancestral state of a particular cultural trait?, Are two or more traits 
evolving together?, Is a particular pathway of trait evolution more likely 
than another?, How quickly are traits changing?. I will illustrate the use 
of PCMs with cultural data by showing how these techniques can be used 
to test hypotheses about the evolution of socio-political organization.

The Evolution of Political Complexity

Political organization relates to how groups of people make collective 
decisions, and who has the power to make decisions on behalf of a group. 
Until the end of the last ice age human lived exclusively as foragers in 
small groups of closely related individuals. Over time larger-scale, more 
complex groupings have emerged and now the whole world is divided up 
into a relatively small number of states that are each comprised of 
millions of people organized via multiple tiers of bureaucracy(18) . 

A Bdata

phylogenetic 
tree

ancestral 
state

evolutionary 
sequence

Figure 1. PCMs work by mapping trait data on to the tips of a phylogenetic tree in 
order to infer how the traits have changed over the phylogenetic history of the units 
involved. In this example the data mapped on to tree A match the proposed sequence of 
evolutionary changes (white to blue to red) much better than the data mapped onto tree 
B (adapted from Currie et al. 2010, Fig S2).  
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Despite being the subject of debates in Anthropology and Sociology since 
the founding of these disciplines, there are many questions relating to this 
broad pattern of history that still remain. These debates have involved 
very little in the way of quantitative tests of competing hypotheses, as 
Jared Diamond has written recently, ‘Almost all of us in this field (myself 
included) have instead proceeded usually by narrative accounts of 
individual cases, less often by narrative comparisons of selected cases, 
and infrequently by comprehensive narrative surveys’(19) . In this chapter 
I will illustrate how PCMs can be used to more rigorously examine 
several questions relating to the evolution of socio-political complexity 
by focusing on the Oceanic-speaking societies of the Pacific. We will see 
how PCMs can be used to assess: (1) sequences in political evolution, (2) 
ancestral forms of organization, and (3) the linked evolution of different 
aspects of socio-political organization and the rate at which they 
change (20) .

Austronesian-speaking societies 

In this chapter we will be dealing with Austronesian-speaking societies, 
with Oceanic being a well-defined sub-group of this larger language 
family. Oceania extends from Papua New Guinea and Australia to include 
the islands of the tropical Pacific Ocean and New Zealand. The native 
populations of this region can be broadly classified into two groups; those 
speaking non-Austronesian languages(21) , who are thought to descend 
from the very earliest populations of humans who entered this region 
approximately 40,000 years ago, and those speaking Austronesian 
languages, whose ancestors entered this region 3,500-4000 years ago as 
part of wider, agriculturally-fuelled population expansion that began in 
Taiwan around 5,500 years before present. Recently, the historical 
relationships between Austronesian-speaking societies have been 
investigated by applying phylogenetic tree reconstruction techniques to 
lexical data(22) . In the following two sections of this chapter we will use 
a sample of 44 societies which are included in these trees and for which 
we have ethnographic data. Figure 2 shows the geographic distribution of 
these societies, with a phylogenetic tree with branch lengths that show 
how long ago different societies split from one another(23) . The 
ethnographic data on aspects of socio-political organization are taken 
from a comparative worldwide ethnographic database that codes different 
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Figure 2. Phylogenetic and Geographic distribution of the 44 Oceanic-speaking societies that were analysed to determine
the most liley model of political evolution. The colours represent the observed form of political organization from the 
ethnographic data (White: Acephalous, Blue: Simple Chiefdom, Red: Complex Chiefdom). The branches of the 
phylogenetic tree are proprtional to time. The piechart indicates the proportional support for different forms of organization 
in the prot-Oceanic society based on the PCM analysis, and shows very strong support for the idea that this soceity was 
politically acephalous.
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Figure 2. Phylogenetic and Geographic distribution of the 44 Oceanic-speaking 
societies that were analysed to determine the most likely model of political evolution. 
The coloured circles represent the observed form of political organization from the 
ethnographic data (White: Acephalous, Blue: Simple Chiefdom, Red: Complex 
Chiefdom). The length of the branches of the phylogenetic tree are proportional to 
time, and are coloured to indicate likely changes in organization (black indicates that 
there is a large degree of ambiguity about the inferred form of organization). The 
piechart indicates the proportional support for different forms of organization in the 
proto-Oceanic society based on the PCM analysis, and shows very strong support for 
the idea that this society was politically acephalous.
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cultural and social variables according to specified criteria(24) . The 
variety of forms of socio-political organization in these societies 
combined with the detailed knowledge about their phylogenetic 
relationships make this region an ideal testing ground for hypotheses 
about social and political evolution.

Evolutionary Sequences

In this section we will examine the idea that changes in social 
organization have followed a regular sequence across cultures. For 
example, in Service’s influential scheme of Band, Tribe, Chiefdom, and 
State, small family groups of foragers (‘Bands’) evolve into larger, yet 
still essentially, egalitarian kinship-based, agricultural groups (‘Tribes’). 
Tribes evolve into societies where political leadership over a collection of 
local groups is centralized in a hereditary office of paramount chief. 
Chiefdoms finally evolve into States, characterized by a centralized 
political bureaucracy that contains specialized offices for decision making 
and control functions(25) . These sequences have been criticized by those 
who argue that human societies are far too varied, and have followed too 
many contingent historical pathways, sometimes involving decreases in 
complexity, to fit easily into these evolutionary sequences. However, 
there has been a distinct lack of quantitative tests of these competing 
ideas.
   Here we compare three different models of the evolution of political 
organization to see how well they fit the data from our smaller sub-group 
of Oceanic-speaking societies. These models are based on the logic of the 
verbal arguments that have been proposed in the literature. Several 
different sequential schemes have been proposed, however a key feature 
of these ideas is that societies are classified into categories that represent 
increasing degrees of complexity, and that evolution proceeded by 
moving from one level of complexity to the next adjacent level(26) . 
Using our ethnographic data we can classify Oceanic societies as falling 
into 3 categories of increasing complexity based on how many 
hierarchical decision-making levels they possess. In ‘Acephalous’ 
societies, local communities (usually villages) are politically autonomous 
i.e. there are no permanent political institutions uniting local 
communities. In ‘Simple Chiefdoms’ several villages are under the 
permanent political control of a chief. Certain societies such as Tonga or 
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Hawaii formed ‘Complex Chiefdoms’ in which there were two 
jurisdictional levels above the local community, with clusters of villages 
being ruled by a local chief, with several local chiefs answering to the 
authority of a paramount chief.
   The models of evolution tested here vary as to what changes between 
different forms of political organization can occur (see Figure 3), and 
reflect the ongoing debates about the evolution of socio-political 
complexity(27) . The first model follows the sequence Acephalous to 
Simple Chiefdom to Complex Chiefdom and only allows increases in 
complexity, an idea often attributed to classical social evolutionary 
theorists such as Herbert Spencer and Lewis H. Morgan. The second 
model follows sequential increases in complexity but also allows 
sequential decreases in complexity, which reflects the arguments of more 
recent evolutionists. The final model reflects criticisms of the idea that 
political evolution has been sequential and allows any change between 
different forms of political organization. The parameters in these models 
are the estimated instantaneous rates of change between different forms 
of organization (represented as arrows in Figure 3), and when we run the 
phylogenetic comparative analysis we can calculate the values of these 
parameters that make the data most likely (28) .
     The model that only allows only increases in complexity gives a 
logged maximum likelihood of -54.09. Allowing decreases in complexity 
to occur as well significantly improves the likelihood to -39.34 (LR=29.5, 
d.f.=2, p<0.001)(29) . However, the two extra parameters of the final 
model does not produce any improvement in the likelihood. Therefore, 
the analysis clearly supports the idea that increases in complexity have 
been sequential, but importantly decreases in complexity have also 
occurred. This can be seen in societies such as Luanguia whose ancestors 
appear to have been organized as simple chiefdoms at some point but are 
now politically Acephalous.

Ancestral States

Another useful feature of PCMs is that they allow us to make inferences 
about what form traits took in ancestral societies. Here we will examine 
the most likely form of political organization in the society that was 
ancestral to all Oceanic-speaking societies. This society is referred to as 
proto-Oceanic, which corresponds to the root nodes of our phylogenetic 
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Figure 3 Models of political evolution tested in this chapter. The models differ as to what pathways changes in political
organization can follow: a) only increases to adjacent levels of complexity, b) increases and decreases between adjacent
levels, c) unconstrained - any change can occur. The numbers represent the natural logarithm of the likelihoods of each 
model of evolution. The extra parameters of model b are an improvement over model a, yet the extra parameters of model c 
do not improve the fit of the model to the data, therefore model b receives most support from this analysis.

Figure 3 Models of political evolution tested in this chapter. The models differ as 
to what pathways changes in political organization can follow: a) only increases to 
adjacent levels of complexity, b) increases and decreases between adjacent levels, c) 
unconstrained - any change can occur. The numbers represent the natural logarithm 
of the likelihoods of each model of evolution. The extra parameters of model b are 
an improvement over model a, yet the extra parameters of model c do not improve 
the fit of the model to the data, therefore model b receives most support from this 
analysis.

trees. Previous attempts to tackle this question have focussed on linguistic 
evidence. It has been argued that proto-Oceanic had hereditary leaders 
based on the reconstruction of terms for 'chief' and related words using 
the linguistic comparative method. This might suggest that this society 
was organized into simple chiefdoms. However, Lichtenberk has argued 
for slightly different reconstructions of these terms and argues that it is 
not possible to be confident about what form leadership took(30) . These 
traditional methods used in historical linguistics lack a clear way of 
assessing which of the alternatives better explain the data. Also a related 
problem about trying to infer features from social life from purely 
linguistic evidence is the possibility that meanings of words can change 
over time. Therefore even if we are confident in the reconstruction of a 
particular linguistic form the possible meaning of that term and its 
relation to the social reality of the ancestral society must be interpreted 
with caution(31) . Finally, even if leadership was hereditary it is possible 
that the power of these leaders did not extend beyond local communities 
(i.e. they would still fall under our classification of ‘acephalous’). PCMs 
provide a way of testing such hypotheses independently, and have 
previously been used to examine residence systems in ancestral 
Austronesian societies(32) . In likelihood methods, at any node in the tree 
the probability of a particular state of a trait can be reported given the 
model of evolution and the associated values of the rate parameters(33) . 
For our data on political organization, the results clearly support the idea 
that proto-Oceanic society was Acephalous, with 97% support for this 
particular form of organization at the root of the tree. 
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Co-evolution and rates of change

In the previous section we examined one aspect of political organization, 
the number of decision-making levels within a political group. However, 
social evolutionary classificatory schemes such as Band, Tribe, 
Chiefdom, State are based on the idea that there are regular differences 
between these categories in a number of different variables such as 
subsistence practices, degree of social differentiation, inherited 
inequalities, and permanent offices of leadership(34) . An associated idea 
is that change in social organization is not a gradual, continuous process 
but instead is marked by the relatively rapid restructuring of these 
different aspects of social organization, in other words social evolutionary 
change is punctuational(35) . However, it has been argued that different 
aspects of social organization do not co-evolve closely in this punctuated 
manner making categories such as Band, Tribe, Chiefdom, and State not 
very useful for describing variation in human societies (36) . 
   In order to examine this question I have previously conducted an 
analysis using a PCM that tests whether political organization in terms of 
hierarchical decision-making levels co-evolves with the wider presence 
of hereditary social stratification in non-political or religious roles (i.e. 
the social status and degree of influence of some individuals, or groups of 
individuals, within a society is inherited within families)(37) . Traditional 
social evolutionary theories  propose that Chiefdoms and States exhibit 
such hereditary ranking while this is thought to be absent in societies that 
fall in the Acephalous category(38) . I tested this idea using data from 83 
societies drawn from across the whole Austronesian language family (i.e. 
societies in Taiwan, island Southeast Asia, Madagascar as well as the 
Oceanic-speaking societies we encountered in the previous analyses)
(Figure 4). In this sample 31 societies are politically acephalous and lack 
hereditary social stratification, while 3 are acepahlous but do show some 
form of hereditary stratification. For those societies organized politically 
as Chiefdoms or States 37 have some form of hereditary social 
stratification, while 12 lack such hereditary distinctions. On face value, it 
seems that these two variables have evolved together. However, the co-
occurrence of these two traits may be because they have simply been 
inherited from a common ancestral society and are not functionally 
linked. For example, either process could potentially explain the fact that 
most Polynesian societies are organized as chiefdoms and have hereditary 
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social stratification? (see Figure 4). A PCM can address this issue by 
identifying whether the traits under investigation are co-evolving while 
controlling for the historical relatedness between societies (39)

   For this analysis I used a PCM that compares two alternative models 
of binary trait evolution: 1) A dependent model where the rate of change 
of one trait from one state to another is different depending on the state 
of the other, and 2) An independent model where the rate of trait change 
does not vary according to the state of the other. For our sample of 
Austronesian-speaking societies the dependent model of evolution fits 
the data much better than the independent model (Fig. 4). These results 
support the hypothesis that political organization, as represented by the 
number of hierarchical jurisdictional levels, has indeed co-evolved with 
the wider presence of hereditary social stratification in Austronesian 
societies. 
   By examining the estimated rates of change between the different states 
we can learn more about the process of trait evolution. It appears that 
acephalous societies lacking hereditary class distinctions can develop 
either hereditary class distinctions or a chiefdom form of political 
organization first. However, the rate of change from Acephalous to 
Chiefdom is greater in the presence of hereditary class distinctions, 
while the particular form of political organization does affect the rate at 
which hereditary class distinctions evolve. Interestingly, the intermediate 
forms of organization (i.e. acephalous with hereditary stratification, and 
Chiefdom/State without stratification) appear relatively unstable, with 
rates of change away from the intermediate states being generally higher 
than those going towards them. This is consistent with the punctuational 
idea that different features of social organization alter relatively rapidly 
once other elements have changed.  

Cultural phylogenetics: Prospects and opportunities

The analyses presented in this chapter suggest that human history has 
not been a case of “one damned thing after another”, but instead there 
have been regularities in the way human societies have changed over 
the last 12,000 years. Future work using PCMs will examine a wider 
range of social and political variables in order to establish which traits 
are functionally linked, and which are freer to vary independently of 
other traits. Another application will be to test causal hypotheses about 
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why some societies have increased in the scale and complexity of their 
political organization. The co-evolutionary algorithm discussed in this 
chapter is particularly suited to this task as it allows us to test the order 
in which traits evolve (i.e. does trait X or Y change first?), which opens 
up the possibility of the falsifying causal hypotheses (e.g. if a certain 
hypothesis proposes that changes in X follow changes in Y then it can be 
falsified if the analysis shows that changes in X precede changes in Y).  
   Although the present analyses have focussed on Austronesian-speaking 

Figure 4. PCMs can be used to test hypotheses about the co-evolution of different traits. Here data on Social Stratification and 
Political Organization from 83 Austronesian societies are mapped on a phylogenetic tree (important linguistic sub-groups are 
marked, CMP - Central Malayo-Polynesian). It can be seen that societies that are politically Acephalous also tend to lack 
hereditary social stratification, while Chiefdoms and States tend to be stratified in this way. However, the co-occurrence of the 
these two traits could be due to shared history rather than representing a functional linkage (e.g. notice how the closely related 
Polynesian societies are predominantly Chiefdoms with hereditary social stratification). PCMs can distinguish between these two
scenarios by inferring how the traits have changed over the phylogeny. The flow diagram in the bottom right shows the estimated 
rates of change between the different combinations of traits (thicker lines indicate faster rates of change, a dotted line indictaes
the rate of change is estimated as zero). It can be seen that the rates of change going away from the intermeadiate combinations 
(Chiefdoms/States with no herediatry stratification, or Acephalous societies with hereditary stratification), tend to be higher 
indicating that these combinations are less stable - as predicted by traditional social evolutionary hypotheses (see text).  
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societies are mapped on a phylogenetic tree (important linguistic sub-groups are 
marked, CMP - Central Malayo-Polynesian). It can be seen that societies that are 
politically Acephalous also tend to lack hereditary social stratification, while Chiefdoms 
and States tend to be stratified in this way. However, the co-occurrence of the these two 
traits could be due to shared history rather than representing a functional linkage (e.g. 
notice how the closely related Polynesian societies are predominantly Chiefdoms with 
hereditary social stratification). PCMs can distinguish between these two scenarios 
by inferring how the traits have changed over the phylogeny. The flow diagram in the 
bottom right shows the estimated rates of change between the different combinations 
of traits (thicker lines indicate faster rates of change, a dotted line indictaes the rate of 
change is estimated as zero). It can be seen that the rates of change going away from 
the intermeadiate combinations (Chiefdoms/States with no herediatry stratification, 
or Acephalous societies with hereditary stratification), tend to be higher indicating 
that these combinations are less stable - as predicted by traditional social evolutionary 
hypotheses (see text).  
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societies, PCMs can be applied to any group of related societies for 
which the phylogenetic relationships have been reconstructed with 
sufficient confidence. For example, previous studies have used these 
techniques in the Bantu-speaking societies of sub-Saharan Africa and the 
Indo-European speaking societies of Eurasia. One advantage of these 
regionally focussed studies is that they allow us to understand the 
particular ecological or historical factors that may be important over the 
evolutionary history of the societies under investigation. Results from 
different language families can then be compared to assess whether we 
can establish nomothetic rules about the way cultural traits and societies 
evolve(40) . If suitable data can be assembled, then some hypotheses may 
even be productively tackled at the global scale, as Holden & Mace did 
in their analysis of the co-evolution of dairying and lactose tolerance (41) .
   My aim in this chapter has been to highlight the kinds of questions that 
can be addressed when using PCMs. These methods can tackle specific 
questions about how history unfolded in a particular region, or can be 
applied to investigate more general processes in the evolution of social 
and cultural phenomena. Although the analyses discussed here involved 
categorical data there are also methods available that deal with 
continuously distributed data(42) . Phylogenetics is a rapidly developing 
field and there are new PCMs being developed all the time, allowing us 
to tackle questions in an ever more sophisticated manner. One recent 
improvement has been in the advances of Bayesian techniques that allow 
us to take into account more explicitly our uncertainty about the 
phylogenetic relationships between societies and the parameter estimates 
of our models of evolution (43) .  
  In this chapter I have demonstrated how PCMs, which were initially 
developed in evolutionary biology, are being used to address questions 
relating to the pattern and process of human social and cultural evolution. 
Although some form of tree-thinking has a long history in the social 
sciences it is only recently that more rigorous, quantitative techniques 
have been employed to help test between competing hypotheses about 
what the past was like, what changes have occurred over time, and 
what processes have given rise to the extraordinary diversity of ways of 
living that humans exhibit today. The use of PCMs, particularly when  
integrated with information from other sources such as archaeology, 
linguistics, genetics, and ethnography, holds the potential to contribute 
greatly to our understanding of prehistory and cultural evolution.
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2. Harvey and Pagel 1991; Pagel 1999.
3. Huelsenbeck et al. 2001.
4. Felsenstein 1985.
5. Hock and Joseph 2009.
6. Atkinson and Gray 2005.
7. Kirch and Green 2001.
8. See Kirch and Green (2001) and Atkinson & Gray (2005) for more detailed histories of 
     phylogenetic thinking in Anthropology and Linguistics.
9. e.g. Kirch and Green (1997, 2001), Kirch (1984), Bellwood et al. (1995), Bellwood (1996).
10. Mace and Pagel (1994), Holden and Mace (1997), Holden and Mace (2003), Mace and 
     Holden (2005), Jordan et al. (2009), Gray and Jordan (2000), Gray and Atkinson (2003), 
     Gray et al. (2009) Dunn et al. (2005), McMahon and McMahon (2005) , and see chapters 
     in Mace, Holden, and Shennan (2005), Lipo et al. (2006), and Forster and Renfrew (2006).
11. Genetic: e.g. Mace et al. (2005b), Lingusitic: e.g. Holden and Mace (2003), Jordan et al. 
     (2009).
12. Durham (1992).
13. The interested reader is directed towards Page & Holmes (1998), Felsenstein (2003) as 
     applied to biological evolution, and see chapters in Mace, Holden, and Shennan (2005), 
     McMahon & McMahon (2005), Forster & Renfrew (2006), and Lipo et al. (2006) for 
     descriptions about how these techniques have been used with linguistic and other 
     culturally-transmitted data.
14. Currie et al. (2010), Pagel (1999).
15. Felsenstein (1985), Harvey and Pagel (1991), Pagel (1999), Pagel and Meade (2006).
16. Pagel (1999).
17. Holden and Mace (2003), Jordan et al. (2009), Pagel and Meade (2005), Holden and 
     Mace (1997).
18. Diamond (1997).
19. Diamond (2010).
20. The analyses involving evolutionary sequences and ancestral states are adapted from 
     previous analyses in Currie et al. (2010), while the co-evolutionary analysis is taken from 
     Currie and Mace (2011). These papers contain more details about the technical details of 
     these and related analyses, and also provide further background on the historical and 
     philosophical issues surrounding the topic of the evolution of political organization.
21. In New Guinea and the surrounding areas non-Austronesian languages are sometimes 
     referred to as Papuan languages, however the historical relationships between these 
     languages is not well-understood, and the term Papuan does not denote a linguistic family 
     in the way Austronesian does.
22. Gray et al. (2009).
23. It is important to note that this tree is just one of a sample of 1000 phylogenetic trees 
     over which the comparative analysis is performed. These trees differ slightly in the how 
     closely different societies are related and in the lengths of the branches. We are using a 

Using phylogenetic comparative methods                                     S15



     sample of trees to reflect the uncertainty that exists whenever we try to establish the 
     phylogenetic relationships between units, be they species or languages.
24. The database used is Gray's corrected version of Murdoch’s Ethnographic Atlas (Gray 
     1999).
25. Flannery (1972), Service (1962).
26. Earle (1994), Carneiro (2003).
27. Carneiro (2003), Spencer (1990), Yoffee (2005).
28. For discussions of likelihood-based comparative methods see Pagel (1994, 1999) All 
     comparative analyses discussed in this paper were conducted using the Maximum 
     Likelihood option in the program BayesTraits (free to download from http://www.
     evolution.reading.ac.uk/BayesTraits.html).
29. Models with more parameters should fit the data better so we need to make sure that 
     adding extra parameters substantially increases the likelihood of the data. This is done 
     using the likelihood ratio (LR) test (Edwards 1972), which is defined as:
  
              LR = -2 (lnLH simpler model-ln LH more complex model)

     When the models are nested the statistical significance of the LR statistic can be assessed 
     using a chi-squared distribution with degrees of freedom equal to the difference in the 
     number of parameters between the two models.
30. Lichtenberk (1986), Hage (1999). The linguistic comparative method is way of 
     determining whether words in different languages share a common ancestor, and the 
     reconstruction of these ancestral forms based on rules about systematic sound changes 
     across languages. For example, terms related to a leader or ‘chief’ are similar in several 
     Polynesian languages: East Futuna: 'aliki, Tikopia: ariki, Rarotongan: ariki, Hawaii: ali'i, 
     and the ancestral forms is reconstructed as *qariki (the * represents that this is a 
     hypothetical reconstructed form). Although the linguistic comparative method is based 
     on a kind of phylogenetic thinking, it lacks an objective way of assessing support for any 
     particular hypothesis.
31. Kirch and Green (2001).
32. Jordan et al. (2009).
33. An alternative method is a constrain the node of interest to take different states and then 
     compare the likelihoods for each state to see which explains the data better (see Pagel 
     (1999); Jordan et al. (2009) for discussion of these techniques).
34. Service (1962), Carneiro (2003), Flannery (1972).
35. Spencer (1990).
36. Feinman (2008).
37. This analysis is described in more detail in Currie and Mace (2011).
38. Flannery (1972), Diamond (1997), Service (1962).
39. Mace and Pagel (1994).
40. Pagel et al. (2007).
41. Holden and Mace (1997). The world’s 6000-7000 languages are generally classified into 
     a much smaller number of language families. However, attempts to establish the higher-
     level relationships between these language families has proven both difficult and 
     controversial (see (Dunn et al. 2005; Gray 2005).
42. e.g. Pagel (1997, 1999).
43. Pagel and Meade (2005, 2006). 
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