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Chapter 1.  The Importance of Comparison 

 

Comparison is fundamental to evolutionary anthropology.  When anthropologists attempt to understand 

the new fossils from Flores, for example, they compare these remains to other fossils and extant humans 

(Brown et al. 2004; Lieberman 2005; Tocheri et al. 2007), and when psychologists study chimpanzee 

cognition, they often compare chimpanzee performance on cognitive tasks to the performance of human 

children on the same tasks (Whiten et al. 1996).  Linguists expend tremendous effort describing the 

grammar and vocabulary of different languages; interesting results also emerge when efforts of multiple 

linguists are synthesized in a comparative study, for example to construct language trees (Campbell 2004; 

Atkinson and Gray 2005; Dunn et al. 2005; McMahon and McMahon 2005).  Similarly, the comparative 

method has a long history in primatology (Crook and Gartlan 1966; Milton and May 1976; Clutton-Brock 

and Harvey 1977).  Primatologists and evolutionary morphologists continue to produce pioneering 

comparative studies in nonhuman primates, including research on sexual dimorphism, brain size, and 

social systems.  When geneticists create evolutionary trees of primates, they also use data in a 

comparative context by identifying shared derived characters under specific models of evolution.  

Paleontologists use similar approaches to reconstruct the phylogeny of extinct hominins using 

morphological characteristics (e.g., Strait et al. 1997). 

 These examples demonstrate the central role that comparison plays in evolutionary anthropology.  

Indeed, comparison provides a way to draw general inferences about the evolution of traits and therefore 

has long been the cornerstone of efforts to understand biological and cultural diversity (Darwin 1859; 

Murdock and White 1969; Ridley 1983; Brooks and McLennan 1991; Harvey and Pagel 1991; Mace and 

Pagel 1994).  Individual studies of fossilized remains, living species or human populations are the 

essential units of analysis in a comparative study; bringing these elements into a broader comparative 

framework allows the puzzle pieces to fall into place, thus creating a way to test adaptive hypotheses and 

generate new ones. 

Here, comparative study refers to studies of multiple populations or species, including studies of 
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geographic variation at a continental or regional scale.  In many cases, a comparative study stands on the 

shoulders of numerous, painstaking studies of individual populations or species; a single scientist would 

find it difficult – even impossible – to collect data at such a broad scale.  Evolutionary anthropology lies 

at the interface of biology and anthropology; it aims to understand human behavior, ecology and 

evolution.  This includes studies of hominin fossils, language diversification, and the genetics of human 

populations.  Evolutionary anthropologists also investigate cognitive abilities in different species of 

primates (or other animals), and they study primate morphology and behavioral ecology.  Thus, 

evolutionary anthropology broadly encompasses studies of human evolution, comparative psychology, 

primatology, functional morphology, linguistics, human behavioral ecology, and comparative anatomy. 

The overarching aims of this book are twofold:  first, to investigate the comparative foundations 

of evolutionary anthropology in past and present research and, second, to point the way towards new uses 

of the comparative approach in the future, especially in terms of applying new phylogeny-based methods 

to address fundamental questions in evolutionary anthropology.  In thinking about the past, present and 

future of comparative approaches, the past gives us a sense of how comparative approaches have played a 

central role in evolutionary anthropology, even before rigorous phylogenetic approaches were possible.  

In the present, phylogeny-based methods are being applied with greater frequency (but often incorrectly), 

and with these methods evolutionary anthropologists are addressing both new and old questions.  As for 

the future, new methods are on the horizon, as are new comparative questions that have arisen through 

previous discoveries.  

Thus, this book is partly a “how-to” book to increase the use of new phylogeny-based 

comparative approaches in the future (Chapters 2-8), and partly an exploration of how comparatives have 

been applied to understand primate and human evolution (this chapter and Chapters 9-13).  For the 

methodological sections in the early chapters, I focus on applying phylogenetic methods to real-world 

questions involving cultural, morphological and behavioral variation rather than providing a detailed 

statistical examination of the methods, and I focus on the methods that are likely to be of most use to 

evolutionary anthropologists and other comparative biologists, rather than providing a comprehensive 
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overview of all available methods.  My target audiences are those who wish to become users of 

phylogenetic comparative methods and those who want to understand more about the burgeoning 

literatures that use these methods to test specific hypotheses.  I generally focus on organismal or cultural 

traits rather than genetics.  Links to computer programs and worked examples are provided on a website 

designed around the book, which is called AnthroTree (http://).  This site will be updated as new 

computer programs become available. 

While this book is focused primarily on evolutionary anthropology, I have tried to write the book 

in a way that will also appeal to organismal biologists interested in applying the comparative method.  I 

have done this for several reasons.  First, there is a need for an entry-level book on phylogenetic methods 

in comparative biology.  I hope this book can help to fill that opening.  In addition, I wish to share with 

biologists the incredible diversity of comparative questions that are being addressed in evolutionary 

anthropology.  Lastly, by identifying key questions of general importance to human evolution, I aim to 

facilitate greater collaboration between evolutionary biologists and anthropologists.   

The need for this book.  Given that comparative approaches are so widely used, and given that 

there is little controversy over the value of comparison, why do evolutionary anthropologists need this 

book?  Indeed, one could argue that a book focused on comparative methods downplays the importance 

of other valuable approaches, such as experimental approaches that can uncover causality more directly.  

Certainly anthropologists should make use of experiments when possible.  For many of the questions that 

evolutionary anthropologists address, however, experiments are neither feasible nor ethical.  Even when 

experiments are possible, comparative approaches are essential for understanding evolutionary 

phenomena and thus should be used in tandem with experiments.  One field in particular – animal 

cognition – provides opportunities to synthesize experiments on different primate species into a broader 

evolutionary context.  By giving equivalent cognitive tasks to different species, it becomes possible to test 

whether ecological and social factors have favored particular types of cognition and to reconstruct the 

evolutionary history of primate cognitive abilities (Haun et al. 2006a; 2006b). 

More generally, a book on this topic is valuable and overdue for at least four reasons.  First, 
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innovative phylogenetic approaches have fueled new discoveries in evolutionary biology, and these 

methods have yet to be applied to their full potential in evolutionary anthropology.  Many “non-

phylogenetic” comparative studies in the past have yielded fruitful insights.  However, phylogeny-based 

methods have enabled evolutionary anthropologists to investigate trait evolution more directly, to identify 

the drivers of speciation and extinction, and to study coevolutionary dynamics of genes, languages and 

cultural traits.  Thus, phylogenetic comparative methods represent an increasingly important toolkit for 

evolutionary anthropologists.  The first part of this book reviews and synthesizes many advances in 

phylogenetic methods from biology and provides select examples from evolutionary anthropology.  The 

second part of the book reviews in greater depth how these approaches have been (or could be) applied to 

questions in different fields of evolutionary anthropology; thus, the latter chapters reinforce many 

concepts and approaches identified in the earlier, methodologically focused chapters.  

Second, evolutionary anthropology is increasingly inter-disciplinary and informatics-driven, and 

many of these projects have a strong comparative component.  This follows trends in other sciences, 

propelled by an appreciation that greater integration among fields can produce fundamentally new 

insights, and by greater availability of funding for large-scale collaborative research.  In an inter-

disciplinary environment, it becomes essential to understand research in other fields, for example as a 

way to form new collaborative networks aimed at uncovering links between genes and languages 

(Diamond and Bellwood 2003) or associations between primate behavior and morphology (Plavcan et al. 

1995; 1997).  This book links diverse fields of evolutionary anthropology through the common lens of 

comparative methods.   

Third, evolutionary anthropology is largely a non-experimental, historical science; phylogeny-

based methods provide a way to examine independent evolutionary origins and thus overcome problems 

of statistical non-independence in such data.  Many of the most enduring questions in evolutionary 

anthropology concern empirical patterns of evolution that are unsuited for experimental approaches.  

Examples include the spatial distribution of non-human primates, the spread of modern humans to all 

corners of the earth, and the evolution of human behavioral, morphological and life history traits in 
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different populations.  With their long lifespans, most non-human primates are poorly suited for 

experimental manipulations of environmental factors thought to influence genetically determined traits, 

and the same is true of most questions involving human evolution.  Relative to other fields, this means 

that evolutionary anthropologists rely to a greater extent on observational data to test hypotheses.  

Importantly in this context, observational data suffer from spatial and historical dependencies – the bane 

of statistical methods, and the source of many statistical uncertainties in evolutionary anthropology.  

Given the high costs of acquiring biological and anthropological data from remote locations, it is 

imperative that we make the best use of these data by correctly applying methods that control for 

statistical non-independence, while also maximizing statistical power.  

Finally, from an intellectual standpoint, it is important to understand the epistemological basis to 

our science.  Given the importance of comparison to all subfields of evolutionary anthropology, the time 

is right to critically assess these methods and how they are applied.  What are the strengths and 

weaknesses of different comparative approaches?  Are there phylogenetic methods that could be useful 

for evolutionary anthropology, but have yet to be applied to study human and primate evolution?  

Conversely, can methods in evolutionary anthropology be useful for other fields, in both the biological 

and social sciences?  Can theoretical models, including simulations, provide new insights to the drivers of 

broad-scale patterns, and by doing so lead to methodological advances to study these processes 

empirically?   

 

Five Examples from across Evolutionary Anthropology 

In what follows, I briefly review five examples of how the comparative method is used in evolutionary 

anthropology.  I focus on the past and present uses of the comparative method, and I hope to whet your 

appetite for learning about how phylogeny-based comparative approaches can be used in the future.  This 

is also a good time to make an important caveat relevant to the entire book.  Given the large number of 

examples of comparative research in evolutionary anthropology and space limitations in writing this 

book, it would be impossible to provide a comprehensive summary of all the different comparative 
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studies that have been undertaken (and it is unclear if such a vast litany of examples would be useful in 

any case).  Instead, I have been forced to choose a handful of examples here and elsewhere in the book, 

often drawing on my own research interests in behavior, ecology and cultural trait evolution.  

1.  Sperm competition.  A suitable example to start with involves the links between primate 

behavior and morphology.  Most studies of mammalian sexual selection prior to about 1980 focused on 

female choice or direct competition among males, such as males competing for females.  For example, 

Clutton-Brock et al. (1977) investigated the links between body mass dimorphism and group composition 

in primates.  Consistent with the idea that increasing competition for mates selects for larger male body 

mass, they found that dimorphism increases in lineages characterized by a greater number of females per 

male and larger body mass (see also Clutton-Brock and Harvey 1977; Mitani et al. 1996; Plavcan and van 

Schaik 1997; Lindenfors and Tullberg 1998).  These findings suggest that primate males experience 

intense competition to monopolize access to females. 

In many primate species, however, females mate with multiple males during their time of fertility 

(Hrdy and Whitten 1987; van Schaik et al. 1999).  For example, Barbary macaque (Macaca sylvanus) 

females mate with up to 10 males per day (!) during estrus (Taub 1980).  This might reflect that males are 

unable to monopolize access to females when they become fertile, resulting in a failure of competition.  In 

addition to overt physical competition, however, competition among males might also occur after mating, 

i.e. within the female reproductive tract, with the sperm from different males competing to fertilize the 

egg of a female (Parker 1970).  This situation is known as sperm competition, and it should result in 

selection for males to produce larger numbers of sperm and sperm that can more quickly reach a 

fertilizable egg.   

Harcourt et al. (1981) used comparative data on primates to investigate a critical prediction of 

sperm competition.  They predicted that in species characterized by greater female mating promiscuity, 

males should have larger testes mass (see also Short 1979).  As testes mass shows a positive association 

with body mass, it is also necessary to control for body mass in such a comparison.  Using data on 33 

species of primates, they found compelling support for their prediction.  Species in which females mate 
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with multiple males have larger relative testes mass, measured for example as generally positive residuals 

from a regression of testes mass on body mass (Figure 1.1, based on a larger sample of primates used in 

Harcourt et al. 1995).  The authors also found that humans fall very close to the regression line (see arrow 

in Figure 1.1), which is inconsistent with lifelong monogamy (under pure monogamy, they should fall 

further below the line!).  In a follow-up study, Harcourt et al. (1995) showed that mating system effects 

were significant after controlling for phylogenetic relationships among primate species, and that results 

were independent of effects of seasonality, which might also favor larger testes if males copulate at a 

higher rate in a shorter breeding season.  By building on this pioneering comparative research on 

primates, sperm competition is now known to be pervasive across animals (Smith 1984; Birkhead and 

Moller 1992; Birkhead and Moller 1998). 

2.  Comparative cognition.  Given that humans are characterized by sophisticated tool use, 

language and social learning, evolutionary anthropologists are also interested in uncovering the factors 

that influence primate cognitive abilities.  One way to probe cognition comparatively is to design an 

experimental task, and then challenge individuals of different species to solve this task in a way that 

reveals how they learn new skills.  Is it a case of imitation – i.e., “monkey see, monkey do” – or does 

individual learning play a bigger role?   

As an example, one study investigated social learning in the context of a food-processing task 

with an artificial “fruit” (Whiten et al. 1996).  A whole series of such “fruits” have been generated over 

the years; what they have in common is that a box containing rewards can be opened in different ways by 

an experimental subject.  The investigators used this apparatus to assess whether apes imitate 

knowledgeable “model” individuals, in this case humans who opened the box using only one of the 

solutions.  They also tested young children on this task (using candy rather than fruit).  Thus, the 

investigators aimed to assess whether the experimental ape subjects copied the same method that the 

model used – evidence for imitation – or whether they used another solution to open the box – evidence 

for other types of social learning.  This is an important question because previous research indicated that 

social learning differs in humans and other apes, with non-human apes thought to be more likely to use 
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emulation or stimulus enhancement with trial-and-error learning to solve tasks; humans were thought to 

imitate the actions of the model more precisely.  

The investigators found that chimpanzees tended to duplicate the actions of the model they 

witnessed, which was taken to be evidence for imitation.  The authors also compared the chimpanzees to 

young children and found that humans copy actions to a greater degree than chimpanzees (Whiten et al. 

1996).  Thus, a comparative approach was essential for assessing the relative amount of imitation found 

in non-human apes; only by having human subjects of different ages was it possible to investigate these 

more subtle effects.  Subsequently, the initial interpretation of the data in terms of chimpanzee imitation 

has been questioned; thus, it is still hotly debated whether great apes can and do learn observationally in 

the same way that humans do, sparking many other comparative studies that use experimentally-generated 

data (e.g., Whiten et al. 2004; Call et al. 2005; Horner and Whiten 2005; Tennie et al. 2006; Herrmann et 

al. 2007; Tennie et al. 2009).   

Other studies in comparative psychology take a broader comparative approach in which tens or 

even hundreds of species are compared, typically using non-experimental data.  Reader and Laland 

(2002), for example, compiled a unique data set of 533 cases of innovation, 445 cases of social learning, 

and 607 cases of tool use.  The authors defined innovation as the discovery of novel solutions to 

environmental or social problems, including new gestures or alarm calls, novel play behavior, or use of 

new sleep sites (Reader and Laland 2001).  In total, their data set covered 116 different primate species.  

They found that social learning correlated positively with measures of brain size (the “executive brain 

ratio,” Figure 1.2), as predicted by hypotheses suggesting that these behaviors select for larger brains.  

Their results remained significant after controlling for phylogeny, and in other tests involving brain size 

and measures of tool use and innovation frequency.  The major conclusion, then, is that larger brains 

provide advantages for social learning, innovation, and tool use, and that these factors represent a package 

of selective pressures favoring “adaptive complex variable strategies” (Reader and Laland 2002, p. 4438).  

Thus, investment in a bigger brain may provide a means to survive environmental and social challenges 

through the invention of novel solutions. 
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3.  Human cultural diversity.  Comparative approaches are also essential in understanding 

patterns of human diversity at regional and even global scales.  For example, research by Mark Pagel, 

Ruth Mace and their colleagues has shown how comparative research can generate new insights to cross-

cultural variation (Pagel 2000; Pagel and Mace 2004; Mace and Holden 2005).  While many 

anthropologists have applied comparative approaches to investigate cultural diversity, an important niche 

that Pagel and Mace fill is to inject stronger methodological approaches to cross-cultural comparisons, 

and to also address questions of broad ecological importance – including testing whether patterns found in 

biological systems also hold for humans.   

In one paper, for example, Mace and Pagel (1995) investigated the geographical distribution of 

Native American societies at the time of European contact.  Specifically, they tested whether human 

language groups exhibit a latitudinal gradient in diversity, with the number of languages declining from 

the equator to the poles – a pattern that is well-known in biological systems (Rosenzweig 1995), including 

North American mammals (Pagel et al. 1991).  As shown in Figure 1.3.a, Mace and Pagel (1995) found 

support for this prediction in their study of language diversity:  the number of language groups declines 

towards the poles, with six times as many languages spoken in the southern latitudes, as compared to the 

most northern latitudes (Mace and Pagel 1995).   

Mace and Pagel (1995) also investigated how the geographic ranges of languages changes with 

latitude and found that latitudinal extent – an estimate of geographical range – increases as one moves 

from the equator to the poles in North America (Figure 1.3.b).  Again, this pattern is well-known in 

biological systems, where it is documented so consistently that it is called “Rapoport's Rule” (Rapoport 

1982; Stevens 1989).  Finally, the authors investigated whether habitat diversity per area correlates with 

language “richness” under the expectation that more niches provide an opportunity for more human 

groups to coexist.  Figure 1.3.c shows that this prediction also was supported, and the effect remained 

significant when controlling for latitude and variation in the width of North America. 

Another fascinating example is provided by Daniel Nettle’s research on language diversity (Nettle 

1999b).  In one study, for example, Nettle (1999a) investigated whether the number of languages is a 
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simple linear function of the time since humans entered a region (see also Sutherland 2003).  He focused 

in particular on a puzzling observation about languages in the Americas:  this area is widely accepted as 

the last to be colonized by humans, but it has greater higher-level linguistic diversity (language “stocks”) 

than other regions, such as Africa, New Guinea, Australia and Eurasia.  Thus, if we assume that language 

diversity accumulates at a constant rate, the large number of language stocks in America indicates that the 

New World should have been settled earlier than archeological evidence suggests (Nichols 1990).   

Nettle (1999a) provided evidence against the constant rate assumption and the accumulation of 

language stocks geographically.  Specifically, he found that there is no tendency for the number of 

language stocks to increase with time since founding, and fewer languages per stock exist in the Americas 

than in other regions.  Nettle proposed instead that the number of language stocks reaches a peak early in 

an adaptive radiation, as in the peopling of the Americas, and then declines due to extinction of stock 

lineages (see also Dixon 1997).  Under this scenario, more language stocks would indicate more recent 

human settlement rather than more ancient settlement. 

A discussion of comparative research on human diversity would be incomplete without 

mentioning the innovative and highly synthetic work of Jared Diamond (e.g., Diamond 1997).  To take 

just one example, Diamond and Bellwood (2003) reviewed the role of farming in the spread of languages 

through demic expansion (i.e., the spread of a group of people through population expansion).  They 

evaluated evidence for the hypothesis that farming leads to the dispersal of people (see also Ammerman 

and Cavalli-Sforza 1984; Sokal et al. 1991).  If correct, this hypothesis predicts correspondences between 

five major sets of human traits – genes, languages, archaeological remains, domesticated plants and 

animals, and skeletal morphology – a list that reveals the inter-disciplinary nature of evolutionary 

anthropology when conducted at a global scale.  Evidence supporting the farming hypothesis includes the 

finding that major language families are found in close association with agricultural homelands, such as 

the Fertile Crescent.  Also supported – although perhaps not as well – is the expectation that east-west 

expansions of languages are more common than north-south expansions.  This clever prediction is derived 

from the reasoning that equivalent lines of latitude are more likely to have similar ecological conditions 
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than equivalent lines of longitude; this should favor expansion of farming technology and domesticated 

animals along lines of latitude (east-west) rather than longitudinally (north-south).   

4. Trapped in a tree:  Pinworms and primate evolutionary history.  What could be more 

“comparative” than a study of different primate species?  One possibility is to compare primate radiation 

to the radiations of other organisms, including their parasites!  A number of studies have done just that; in 

fact, some of these studies are considered classics in evolutionary parasitology, such as one study of 

primate pinworms (Brooks and Glen 1982).  Pinworms are nematode parasites that infect the 

gastrointestinal tracts of a wide range of host species, including primates.  They tend to be very host 

specific, meaning that a single species of pinworm infects only one or a few species of primates.  A very 

simple question, then, is to ask whether the pinworm lineages tend to co-speciate with primate hosts, 

meaning that when a lineage of hosts splits, the parasites also show a corresponding split at the same 

point in evolutionary history, with each parasite lineage following one of the host lineages.  In other 

words, one lineage – in this case parasites – tends to  “track” the other lineage – in this case primates 

(Page and Charleston 1998). 

This tracking pattern is found in the case of primates and their pinworms.  For example, Figure 

1.4 shows a recent assessment of the hypothesis of co-speciation (Hugot 1999).  The tree for primates 

comes from Purvis (1995), and the pinworm phylogeny was constructed by Hugot (1999) using 45 

morphological characters.  While the associations are not perfect, general congruence is seen between the 

host and parasite phylogenies; statistical tests confirmed a significant association in reconstructed 

coevolutionary scenarios for prosimians and New World monkeys.  Cases of incongruence can be due to 

a variety of factors, including parasite extinctions, speciation events and transfers of the parasite to new 

hosts (i.e., host shifts, Page and Charleston 1998).  These different scenarios can now be investigated with 

phylogenetic methods (Charleston 1998; Page 2003). 

Coevolutionary approaches can also be applied in novel ways, including to questions that are 

considerably less dismal than debilitating parasitic infections.  For example, a recent study investigated 

patterns of genetic variation in yeast used to make alcoholic beverages and bread, which can reveal the 
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origins of these practices and how they spread around the world (Legras et al. 2007).  As with studies of 

parasites that track hosts, yeasts should track human migrations; as the proverbial grapevine spreads, so 

should the yeast strains used by humans to make wine, and the same goes for beer, bread, and other 

dietary items that make use of fermentation.  In what might be called a “global pub crawl,” Legras et al. 

(2007) obtained data on 651 yeast strains from 56 sources distributed from around the world, including 

Belgian ales, fermented milk from Morocco, rice wines from Asia, and, of course, fine European wines.  

From these data, they found that yeast strains tend to cluster according to type of method used, with, for 

example, sake strains, palm wines and beers tending to represent distinct clades on a phylogenetic tree of 

the yeast.  The authors also found evidence for isolation by distance, which indicates local differentiation 

of yeast populations, and among wines, they found that the phylogenetic distributions of yeast strains 

follow known migration routes (Legras et al. 2007). 

These examples show how comparative studies can be used to examine the inter-dependent 

evolution of two lineages, i.e. coevolution.  Many opportunities exist to apply this coevolutionary 

perspective to questions in evolutionary anthropology, for example if we view cultural traits as “agents” 

that coevolve with genetically-based organismal lineages, as in studies of gene-culture coevolution or 

dual-inheritance theory (Boyd and Richerson 1985; Durham 1991; Feldman and Laland 1996) or in 

testing whether cultural traits exhibit similar evolutionary histories (Tehrani and Collard 2009). 

5. Genes, geography and languages.  Luigi Cavalli-Sforza was another pioneer in applying 

comparative approaches to anthropological questions.  Among many examples that can be drawn from his 

lifework, he undertook massive analyses of gene frequencies and languages to investigate the movement 

of humans and the relationships among different human populations (Cavalli-Sforza et al. 1994; Cavalli-

Sforza 2000).  His work laid a foundation that is still followed today.  In one widely cited paper, for 

example, Cavalli-Sforza et al. (1988) found a correspondence between genetic trees and linguistic trees at 

a global scale, with major linguistic groups (phyla) tending to correspond to one of six genetic groupings 

(Figure 1.5).  Some incongruence can be seen in this figure, for example with Afro-Asiatic and Uralic 

languages that are not represented by true evolutionary groups, and it should be noted that criticisms of 
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their methods and interpretations have been raised (e.g., Bateman et al. 1990).  New phylogenetic 

approaches could be used to provide new insights to these patterns by studying congruence among trees 

using the coevolutionary approaches described in the previous example, and of course new data are 

shedding further light on historical relationships among human groups (Li et al. 2008). 

Other studies have addressed similar questions.  For example, Barbujani and Sokal (1990) 

identified genetic disruptions, or “boundaries,” in Europe based on gene frequencies.  Of 33 boundaries 

that they discovered, 31 coincided with clear linguistic boundaries, often between different language 

families (in 15 cases) and thus representing relatively deep splits.  In 22 of the genetic boundaries, 

obvious physical boundaries were involved, such as mountains or oceans.  The genetic boundaries did not 

always coincide with political boundaries, but they did often demarcate zones of contact from distantly 

related groups of people in European history.  Overall, these results suggest that language differences 

have actively modified patterns of gene flow.  Importantly, however, when looking at a more global, 

geographically-based sample, it appears that discrete genetic continuities are replaced by more gradual 

patterns (Serre and Pääbo 2004).  

These studies attempted to understand the association between genes and the distribution of 

languages.  Another approach is to look more directly at correlated evolution of a particular gene and 

characteristics of the language itself.  Recent work along these lines is provided by Dediu and Ladd 

(2007).  These authors examined the distribution of two genes – ASPM and Microcephalin – in relation to 

whether languages exhibit “tonal distinctions,” as found especially in parts of Asia and sub-Saharan 

Africa.  In some languages, for example, the same word can have different meanings depending on voice 

pitch.  Based on a series of statistical tests that controlled for historical and geographical non-

independence, the authors showed that derived versions of this gene are associated with non-tonal 

languages.  As both of these genes are involved in brain development (see references in Dediu and Ladd 

2007), the authors proposed that the genes produce some as yet unknown cognitive bias for use (or non-

use) of tonal languages.  Further research is needed to assess whether the correlation reflects an 

underlying causal relationship.   
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This discussion would be incomplete without mentioning the work on mitochondrial “Eve” (Cann 

et al. 1987), which linked genetic and geographical data.  The authors examined the mitochondrial DNA 

from 147 individuals, including 34 Asians, 46 Caucasians, 20 of sub-Saharan African descent, and 47 

individuals from New Guinea and Australia.  Their phylogenetic analysis of these samples revealed that 

Africa is most likely to be the ancestral source of the human mitochondrial gene pool, with a common 

ancestor existing 140,000 to 290,000 years ago.  Subsequent research confirmed these general 

conclusions using methods to deal with uncertainties in the original data and analysis (Vigilant et al. 

1991; Ingman et al. 2000).   

In summary, many exciting studies have already laid the groundwork for linking genetics and 

languages – from the groundbreaking studies of linguistic and geographic correlations by Cavalli-Sforza 

and others, to more recent attempts to wed cultural, linguistics and genetics data, as proposed in various 

forms by diverse research groups working today (Diamond 1997; Nettle 1999b; Mace and Holden 2005; 

Dediu and Ladd 2007).   

 

The AnthroTree Website 

An important component of this book is a freely accessible website called AnthroTree (http://).  The 

website provides data used in some examples in the book.  In addition, it provides links to one or more 

computer programs that can be used to run the analyses.  These links will be updated as new programs 

become available.  Throughout the book, the reader will find reference to the site as “(AnthroTree x.y),” 

were x.y refers to the chapter and example in that chapter, respectively.  Simply go to the website to 

locate the appropriate example.  Updates to the text itself – e.g. in case a clarification to the text is needed 

or new methods become available – will also be provided on the AnthroTree website.  These updates and 

clarifications can be found at the beginning of examples for each chapter (i.e., AnthroTree x.0).  As a 

starting point, AnthroTree 1.1 provides an overview of programs that are used for the examples on the 

AnthroTree website. 
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Structure of this Book 

As noted above, this book has two main sections.  Chapters 2-8 give a broad overview of phylogenetic 

comparative methods and give select examples from research in evolutionary anthropology.  Chapters 9-

12 provide further applications of the methods, but with an organization that is meant to convey the 

diversity of the fields of study rather than the diversity of methods.  Thus, the latter section of the book 

significantly expands on the questions asked in the first part, and has some repetition with the first section 

in terms of methods that are used.  This repetition is intentional, as I expect it will be useful for those who 

are just learning the methods by reinforcing the concepts and showing how the approaches apply to real 

examples.  To help readers make the links across chapters, each chapter ends with a Box that briefly 

identifies later chapters that contain related methods or concepts.  In addition, here I provide a brief 

synopsis of the material covered in each chapter. 

 A central focus of this book concerns how evolutionary history – in the form of a phylogeny, a 

linguistic tree, or a gene network – provides essential information for most questions that are of interest to 

evolutionary anthropologists.  Thus, Chapter 2 covers basic phylogenetic concepts and emphasizes the 

importance of “tree thinking.”  This chapter discusses issues such as basic terminology, inferring 

phylogeny using different methods, and dealing with uncertainty in estimating both tree structure 

(topology) and the ages of ancestral nodes.  Chapter 2 also provides an overview of how biological 

methods are being applied to study language evolution. 

Chapters 3 and 4 discuss methods for reconstructing the values of ancestral states on a 

phylogenetic tree.  Chapter 3 focuses on mapping the evolution of discrete traits, such as activity period in 

primates (e.g., nocturnal vs. diurnal), or the presence-absence of dowry in studies of humans.  Chapter 4 

considers methods for reconstructing the evolution of continuously varying characters, such as body mass 

or group size.  Chapter 4 also covers basic issues in reconstructing “protolanguages” in linguistics. 

Chapter 5 investigates evolutionary models that can be used for understanding the evolution of 

continuous traits, including models of “Brownian motion” and stabilizing selection.  This chapter also 

covers an important set of methods used to test whether traits show phylogenetic signal, i.e. whether more 
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closely related species exhibit more similar trait values.  Diagnostic statistics presented in Chapter 5 

provide an essential toolkit for assessing trait evolution in a model-based framework. 

Chapter 6 discusses correlated trait evolution as a means for testing adaptive hypotheses.  The 

repeated evolutionary origins of a trait with some other trait or environmental factor offer the strongest 

comparative tests of adaptive hypotheses, especially when this is combined with understanding the 

genetic underpinnings and selection on the trait.  Chapter 6 also reviews a central problem in comparative 

studies, namely that species-level data are not independent from one another in a statistical sense.   

Chapter 7 presents three methods for investigating the correlated evolution of traits.  Two of these 

methods can be used to study correlated change in continuous characters – independent contrasts 

(Felsenstein 1985; Garland et al. 1992) and generalized least squares (Martins and Hansen 1997; Pagel 

1999; Garland and Ives 2000).  The final method examines whether discrete traits show correlated 

evolution (Pagel 1994a).  These methods represent only a subset of those developed by comparative 

biologists to study correlated evolution (Maddison 1990; Harvey and Pagel 1991; Martins and Hansen 

1996; Garland et al. 2005).  However, they are among the most commonly used methods, and they offer 

the greatest flexibility for understanding patterns of correlated evolution in future studies.  

Chapter 8 shifts the focus to consider how an evolutionary tree can reveal new insights to 

biological and cultural diversification.  More specifically, here we are interested in the factors that 

influence rates of speciation and extinction, as revealed by the phylogeny itself.  An exciting set of 

methods is now available to test hypotheses using data on the “shape” of phylogenetic trees, and to 

estimate rates of speciation and extinction even in the absence of a fossil record. 

The remaining chapters in the book focus on specific fields of study within evolutionary 

anthropology, while also amplifying, extending and illustrating methods presented earlier in the book.  

Chapter 9 covers the important issue of investigating and controlling for body mass in comparative 

studies.  This chapter also reviews how we can use knowledge of correlated evolution in extant species to 

make inferences about body mass in extinct organisms in a principled and statistically rigorous way.  

Similar principles apply to reconstructing other characters in the fossil record. 
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Chapter 10 investigates approaches for studying human cultural traits, including language.  An 

important issue here is Galton's problem, which concerns the non-independence that arises when cultural 

traits are shared through common descent, or through diffusion from neighboring societies.  The latter 

issue of “areal diffusion” is problematic for applying phylogenetic comparative methods, as it means that 

different traits can have different evolutionary histories.  

Chapter 11 considers the use of the comparative method to study behavior and ecology, both in 

nonhuman primates and in humans.  The comparative method has played an important role in such 

studies, as in the example of sperm competition given above.  In addition, new phylogeny-based methods 

can be used to study community ecology in a phylogenetic context, and to address questions of 

conservation concern in primates and in humans (e.g., the extinction of languages or cultural diversity).   

Chapter 12 considers a particularly thorny problem for applying comparative methods to study 

human evolution.  Many of the traits that probably played a role in making humans successful have 

evolved rarely and are shared by all humans, including language, bipedal locomotion and tool use.  These 

“singularity problems” pose special challenges for inferring adaptation with the comparative method 

(Pagel 1994b).  This chapter considers how we can make stronger statistical inferences in the context of 

single evolutionary origins. 

Chapter 13 addresses a practical issue that is central to all comparative studies – how should one 

organize the data in a way that it is accessible and easy to manage, and with each record in the database 

linked to a citation for that record?  A number of tools are available for creating relational databases that 

can be shared securely with collaborators over the Internet, or easily served to the wider public on a web 

page.  As a related issue in database construction, we can use phylogenetic information to target species, 

populations or languages that need further study, or that could serve as additions to comparative databases 

to make more powerful inferences.  I develop this idea of “phylogenetic targeting” (Arnold 2008; Arnold 

and Nunn in review) and illustrate its use in studies of non-human primates. 

Chapter 14 provides an overview and synthesis, and also discusses new directions for applying 

the comparative method to the evolutionary anthropology of the future.   
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A final comment concerns jargon.  Because one of the aims of this book is to communicate recent 

advances in phylogenetic methodology among researchers in different fields of evolutionary anthropology 

and across biology more generally, I intentionally avoided using terms that might be confusing or unclear 

to researchers in different fields.  For example, rather than using more formal taxonomic names, such as 

hominoids or cercopithecines, I use the terms apes and Old World monkeys, as researchers across fields 

of evolutionary anthropology will be more familiar with the latter than the former terms.  Similarly, 

phylogenetic terminology is often intimidating to those working outside of phylogenetics, and some 

concepts have different terms in different subfields of evolutionary anthropology (especially in 

linguistics).  Thus, aficionados of scientific and taxonomic terminology might be disappointed, but such a 

step helps to communicate ideas among researchers in different fields of evolutionary anthropology, and 

to share the results with researchers in other fields. 
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Figure Legends 

 

Figure 1.1. Testes mass in relation to body mass and mating system in primates.  Closed symbols 

represent species in which females typically mate with multiple males, open circles represent species in 

which females typically mate with single males, and x's indicate species for which mating patterns are 

uncertain (mainly small-bodied species with dispersed social systems.  The arrow points to the datum for 

Homo sapiens.  Data on testes mass and male mass are from Harcourt et al. (1995).  Data on mating 

patterns are from several different sources (Harcourt et al. 1995; Nunn 1999; van Schaik et al. 1999).  

 

Figure 1.2.  Comparative studies of brain size and social learning frequency in primates.  Data show 

evolutionary change in executive brain ratio and evolutionary change in social learning frequency (Reader 

and Laland 2002).  “Executive brain ratio” was defined as the sum of the neocortex and striatum divided 

by the brain stem, and social learning frequency was corrected for research effort, based on the number of 

articles found on different species in the literature searched.  Figure redrawn from Reader and Laland 

(2002).  

 

Figure 1.3. Language diversity and latitude. Plots show results for association between (a) latitude and 

language diversity (i.e., density per km line of latitude), (b) latitude and mean latitude extent, i.e. a 

measure of a language's “geographic range,” and (c) number of habitats and number of languages. The 

results in (c) remain significant when controlling for both latitude and kilometers of terrestrial habitat at 

each latitude. Redrawn from Mace and Pagel (1995).  

 

Figure 1.4. Co-speciation of primates and their pinworms. Primate phylogeny (Purvis 1995) is shown 

on the left, pinworm phylogeny on the right. The general congruence in the structure of the two 

phylogenies provides evidence for co-speciation. Redrawn from Hugot (1999).  
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Figure 1.5. Genetic and linguistic correspondence in humans. The tree on the left shows genetic 

relationships among humans based on a linkage analysis of 120 allele frequencies (Cavalli-Sforza et al. 

1988). The tree on the right represents relationships among major linguistic groups (phyla). Redrawn 

from Cavalli-Sforza et al. (1988). 
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Figure 1.1 
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Figure 1.2 
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Figure 1.3.a 

 

 



p.	  33	  

Figure 1.3.b 
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Figure 1.3.c 
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Figure 1.4 
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Figure 1.5 

 

 

 

 

	  

	  
 


