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Annotation:

Human species display complex intraspecies population structure and unparalleled behavioral
and cultural diversity. In order to elucidate human population history and pattern of
evolutionary change of socio-cultural and ecological traits, the first composite phylogenetic
tree of 574 human populations (ethno-linguistic groups) was created on the basis of 129
recently published phylogenetic hypotheses based on genomic, genetic and linguistic data,
utilizing supertree method matrix representation with parsimony. Subsequently, 56 selected
socio-cultural and ecological characters based on ethnographic cross-cultural data were
optimized on topology of obtained supertrees in order to reconstruct patterns of evolutionary
change and states present in ancestral populations. The results are discussed in the light of
recent studies of human phylogeography and cultural phylogenetic studies.
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INTRODUCTION

Human species displays striking behavioral and cultural diversity both among and within
individual populations (e.g. Brown et al., 2011). Human intraspecific diversity is, judging
from the number of ethno-linguistic groups (languages), comparable to the species-level
diversity of tetrapod classes: there is approximately 6,800 languages spoken world wide
(Lewis, 2009; Greenhill et al., 2010), approximately 4,600 mammalian species (Bininda-
Emonds et al., 2007), 10,000 species of birds, 8,300 species of reptiles, and 5,800 species of
amphibians (Baillie et al., 2004). This diversity of “taxa” goes hand in hand with the
outstanding range of ecological adaptations and cultural practices that enabled humans to

inhabit virtually every environment on Earth.

Cultural evolution
A short historical overview

Ever since the publication of Darwin’s On the Origin of Species (Darwin, 1859), there has
been an ongoing debate about whether and how evolutionary ideas can be applied to human
culture. Biological evolution and cultural evolution are subject of long-standing comparisons
and analogies. Several prominent figures of biological sciences had repeatedly pointed out
that fundamental processes of biological evolution (such as cladogenesis, selection, drift,
extinction, or mutation) have clear cultural analogues (e.g. Darwin, 1859; 1971; Huxley,
1942; Dawkins, 1976; see Mesoudi et al., 2006 for review). Some of these comparisons were
drawn long before it was ascertained that “culture” is a phenomenon that is not entirely
unique to humans (e.g. Whitten et al., 1999; Lycett et al., 2009; see Laland and Galef 2009 for
the extensive review of the animal cultures). Darwin saw similarities between the evolution of
biological species and the evolution of languages (Darwin, 1859; 1971), and nineteenth-
century historical linguistics utilized the phylogenetic approach in a manner similar to

systematic zoology.

It is not without significance that evolutionary thinking in linguistics has actually preceded the
evolutionary thinking in biology. The first linguistic phylogenetic trees emerged decades
before the first phylogenetic trees of biological species (see Atkinson and Gray, 2005;
Borgerhoff Mulder et al., 2006; Mesoudi et al., 2006). The social scientists adopted and

utilized evolutionary approach surprisingly early.



However, they have departed from it soon after. Independently on zoologists, cultural
anthropologists realized the problem of statistical non-independence of taxa. This problem
was recognized in 1889 by French anthropologist Francis Galton (and was since referred to as
“Galton’s problem” by cultural anthropologists). It points out that similarity between cultures
could be due to historical relationships (shared descent), or due to cultural borrowing. Without
controlling for borrowing and shared descent one cannot make valid inferences regarding

adaptive evolution (Eff, 2004).

Since then, cultural anthropologists attempt to control for Galton’s problem either by “taxon”
sampling - the exclusion of closely related populations from the cultural datasets, the best
known example being Murdock’s Standart Cross-Cultural Sample, (Murdock and White,
1969), or by the statistical removal of the inherited traits, both method causing a significant
loss of valuable information contained in the data (Mesoudi et al., 2006). Also, these

techniques might mitigate Galton’s problem, but not eliminate it (Eff, 2004).

Biological anthropology of the 20™ century mostly focused on geographical and ecological
correlates of human behavior, examining how social traits covary with geography, ecology, or
also other social traits across cultures. Both science of cultural evolution and human
phylogeography were not flourishing for methodological reasons and “historical and political”
reasons (postmodern critics of anthropology, among other things, tend to be deeply suspicious
of any attempt to infer evolutionary relationships as well as to make objective comparisons

between cultures).

Early anthropologists, like Edward Tylor (1871), attempted to rank cultures along a
continuum (to put them into linear order) from the most primitive to the most advanced. They
shared the conviction that all cultures inevitably pass through certain stages. This notion of
progress from savagery to civilization was — as having ethnocentric and racist connotation —
later replaced by the principle of cultural relativism, established by Frans Boas and his
students. Their notion that there can not be a relationship between culture and race became the
central tenet of modern anthropology. The ultimate rejection of evolutionism in anthropology
of the 20™ century was merely caused by the fact that the proponents of this approach
understood the evolution as a process of gradual progress and improvements. Such “ladder-
like reasoning” presents, of course, a fundamental distortion of the process of evolution. One
of the most important contributions of phylogenetic reasoning is the emphasis on the sister-
group relationships derived from a phylogenetic tree, instead of the traditional primitive-

advanced continuum. No culture can be a priori considered primitive, or the lower grade of



the other, since the process of cladogenesis imply a tree-like pattern with many parallel
branches (leading to the presence).

Another reason of stagnation of the science of cultural evolution was a long-standing
theoretical issue concerning the dominant forces responsible for the cultural variation across
cultures and its continuity over space and time. The key issue was the degree to which
horizontal transmission (transfer of cultural information among contemporaneous cultures
through intermarriage, trade, exchange, etc.) plays role in observed pattern of cultural
variation of the world population. In other words: is the cultural evolution dominated by
process of branching of cultural lineages analogous to divergence of biological clades, or by
process of blending of two or more cultural lineages into one? This problem appeared in 20"
and 21% century anthropogy under various names: vertical vs. horizontal transmission; demic
vs. cultural diffusion; cladogenesis vs. ethnogenesis; cladistic vs. rhizotic model of cultural
evolution; branching vs. blending; family tree vs. entangled bank model; unilineal
evolutionism vs. diffusionalism etc. (Mesoudi et al., 2005; Borgerhoff Mulder et al., 2006;
Collard et al., 2006; Lycet et al., 2009 etc.). The main idea behind all those terms is the
widely accepted idea that human cultural evolution is much more complex and reticulated
than biological evolution and that “cultural evolution is often far from tree-like” (e.g. Gould,

1987; Borgerhoff Mulder, 2001; Gray et al., 2007; Steele and Kandler, 2010).

The field of cultural evolution and cultural transmission was dominated by these two
contradicting paradigms during the 20" century (Borgerhoff Mulder et al., 2006). This
problem is by no means trivial and it is impossible to solve it by simply rejecting one of the
opposing scientific convictions. The most appeasing point of view would be that patterns of
observed cultural variation should be considered trait by trait. Some cultural phenomena are
result of long-term, vertical transmission (and probably descendants of very early cultural
forms), while some were the product of extended borrowing (sometimes back and forth), and
others represent true innovations (Borgerhoff Mulder et al., 2006). The long-standing conflict
between “unilineal evolutionism” and “diffusionalism” should not discourage evolutionary
scientists from attempting to solve this conflict by testing the hypotheses that explicitly based
on one of each paradigm. Galton’s problem and horizontal transmission certainly present a
serious issue in cultural phylogenetics, but this should not serve as a reason against testing the
hypothesis about cultural evolution explicitly and remaining in the state of “armchair

speculations” (Greenhill et al., 2009).



The conflict between “unilineal evolutionism” and “diffusionalism” has never been a struggle
for domination over the field of science of human culture between evolutionary and social
scientists. This was merely a conflict between the two factions of evolutionists about how
explicit the analogy between nature and culture should be. One of the most prominent among
critics of unilineal evolutionsm was Stephen Jay Gould (1987) who wrote that “human
cultural evolution proceeds along paths outstandingly different from the ways of genetic
change.” The field of evolutionary science of human culture long remained in the state of
drawing inspiring but rather vague comparisons between biological and cultural evolution
(e.g. Dawkins, 1976; Dawkins, 1982; Blackmore, 1999) and lacked appropriate methodology
that would allow testing explicit scientific hypotheses. The evolutionary science of human
culture reached its maturity in the 80’s, thanks mostly to the work of Luigi Luca Cavalli-
Sforza and Marcus Feldman (Cavalli-Sforza and Feldman, 1981). These researchers not only
provided theoretical groundwork for analyzing culture in terms of modern evolutionary
theory, but also developed rigorous mathematical treatments of cultural change inspired by

population genetic models (Richerson and Boyd, 2005; Mesoudi et al., 2006).

Current state of the field of human phylogeography and cultural evolution

Increasingly better resolved phylogenies of human groups are published regularly. This
includes works based on mitochondrial DNA for both partial (e.g. Gonder et al., 2007; Kong
et al., 2010) and comprehensive human phylogenies (e.g. Ingman et al., 2000; Krause et al.,
2010), or Y chromosome (e.g. de Filippo et al., 2011). Since the nineties, human phylogenies
based on various autosomal genes were published (e.g. Cavalli-Sforza et al., 1994). Number
of phylogenies is based on variation of the major histocompatibility complex — the human
leukocyte antigen system (HLA) (e.g. Bannai et al., 2000; Garcia-Ortiz et al., 2006; Farjadian
et al., 2009; Sulcebe et al., 2009; Arnaiz-Villena et al., 2010; Zhu et al., 2010). During the
past decade, the human phylogenies based on entire individual genomes emerged (e.g.
Rosenberg et al., 2002; Li et al., 2008; Tishkoff et al., 2009). Recently, these, increasingly
larger and better resolved, genome-wide SNP-based studies are published regularly (Behar et
al., 2010; Bryc et al., 2010; Huyghe et al., 2011; Rasmussen et al., 2010; Sikora et al., 2010;
Xing et al., 2010; ; Xu et al., 2010; Chaubey et al., 2011; Henn et al., 2011; Listmann et al.,
2011; Salmela et al., 2011; Wang et al., 2011 etc.).

The wide range of methods developed by evolutionary biology and phylogenetics has been

utilized by either anthropologists or biologists themselves in order to tackle the nature of



cultural change empirically and quantitatively. The evolutionary history of human populations
and cultures is explored using a variety of linguistic, archeological, and cultural datasets to
test for detailed hypotheses about the historical patterns and adaptive functions of cultural
evolution (Mace et al., 2005; Mace and Holden, 2005; Lipo et al., 2006, Mace and Jordan,
2011).

Some researchers focus on proximate mechanisms underlying cultural change in order to
determine the appropriateness of using phylogenetic (tree-building) methods to study and to
visualize cultural evolution, both through case studies (Guglielmino et al., 1995, Hewlett et
al., 2002; Jordan and Shennan, 2003; Collard and Tehrani, 2005) and through simulation
studies (Greenhill et al., 2009; Currie et al., 2010; Nunn et al., 2010). Some works examine
how modes of transmission differ for various kinds of cultural traits (Guglielmino et al., 1995,
Hewlett et al., 2002), others examine how modes of transmission of a single trait could be
changed under different socio-ecological settings (Collard and Tehrani, 2005). Some studies
examine how (or if) various degrees of vertical and horizontal transmission obscure cultural
phylogenies (Greenhill et al., 2009, Currie et al., 2010). Nowadays, cultural phylogenetics is
an emerging field, although the empirical branch of this field is still relatively small (Mace et
al., 2005; Lipo et al., 2006; Mace and Jordan, 2011).

Cultural phylogenetics
In defence of cultural phylogenetics

Despite the continuing validity of “diffusionalists” objection that attempts to “Darwinize”
human culture are controversial and might be misleading (e.g. Gould, 1987; Gray et al., 2007
Borgerhoff Mulder, 2001), there are compelling reasons to adopt the branching (tree-like)
pattern of cultural evolution to treat human cultures (populations) as a species for the purpose

of phylogenetic cross-cultural analyses.

1) Cultural phylogenetics is, in contrast to social sciences, “strongly empirical” (Holden
and Mace, 2005; Mace et al., 2005). The “tree thinking” is not just a way of describing
evolution but also a way of testing scientific hypothesis (Greenhill et al., 2009). While
the tree model might be considered imperfect and simplistic (as indeed is, even for
evolution of many biological species), it is generally far more realistic approximation
than competing models that assume all cultures to be (un)related to each other

equidistantly (Currie et al., 2010; Mace and Jordan, 2011). That holds true even in the



2)

3)

4)

5)

case when phylogenies are obscured by relatively large amount of horizontal

transmission (Mace and Jordan, 2011).

Cultural change and biological change share the same fundamental properties of
variation, selection and inheritance, and culture is a subject to phenomena that works
for biological evolution (e.g. convergent evolution, functional constraint, punctuated
equlibria, or even random, non-evolutionary processes such as drift). Convincing
evidence was collated that human culture is a subject to Darwinian evolutionary

processes (Mesoudi et al., 2004, 2006; Whitfield, 2008).

Placing the cultural anthropology within a unified evolutionary framework might be
justified, since cultural anthropologists and evolutionary zoologists often seek answers
to similar questions, facing similar problems. Therefore, it is desirable for
anthropologists to utilize various tools, theories, and methods that have been
developed by evolutionary biologists in order to answer the questions about the
evolution of (human) culture (Mesoudi et al., 2006). Certainly, such biological culture

does not necessarily imply “tree-likeness”.

Language, playing the role of the “model organism of cultural evolution” (Nettle,
2007), is tremendously similar to genomes in the way it is transmitted (Atkinson and
Gray, 2005; Nettle, 2007, Mace and Jordan, 2011). Linguistic data were used
successfully to obtain detailed and reliable population histories (e.g. Holden, 2002;
Rexova et al., 2006; Pagel, et al., 2007; Kitchen et al., 2009; Walker and Ribeiro,
2011) and to answer questions regarding ancient populations movement that could not
have been addressed by other methods (Gray and Jordan, 2000; Gray and Atkinson,
2003). Language and genetic phylogenies are often conspicuously similar (Cavalli-
Sforza et al., 1988; Cavalli-Sforza et al., 1992) and spatial correlation of genetic and
linguistic diversities has been documented numerously (e.g. Novembre et al., 2008;
Hunley et al., 2008; Abdulla et al., 2009; Xu et al., 2010 Wang et al., 2011).
Moreover, apart from these non-causal correlation between interpopulation genes and
languages there might be also causal correlation present, since genetic factors
predetermining linguistic features (particularly linguistic tone) were found in

worldwide human population (Deddiu and Ladd, 2007).

It was shown that cultural (linguistic, archeological, and anthropological) datasets and
biological (genetic, morphological, and behavioral) datasets are similarly “tree-like”,

measured by indices of tree-dataset fitting (e.g. consistency index and retention index).



6)

7)

8)

9)

The observed variation within cultural datasets could most likely be the result of

branching process (Collard et al., 2006; Lycet et al., 2009).

Although some cultural anthropologists are convinced that cultural traits are so labile
that they show no phylogenetic signature, mapping cultural traits onto linguistic or
genetic trees revealed that many cultural traits show a strong association with
phylogeny. Many also appear to be historically conservative (e.g. Guglielmino et al.,
1995; Hewlett et al., 2002; Mace and Holden, 2005; Fortunato et al., 2006; Fortunato,
2011a), although this does not apply generally to all kinds of traits and vertical cultural
transmission is not always the best way to explain observed cultural diversity (Jordan
and Shennan, 2003). Also, mode transmission of single trait might change under

different socio-ecological settings (Collard and Tehrani, 2005).

It has been demonstrated through simulation studies that realistic levels of horizontal
transmission of traits between closely related cultures is not too problematic for tree-
building. Also, horizontal transmission does not produce systematic errors in the
ancestral state estimation (Greenhill et al., 2009; Currie et al., 2010). The existence of
horizontal transmission between cultures therefore does not invalidate phylogenetic

approach to cultural and linguistic evolution.

The phylogenetic network-building algorithms were developed that allow to detect
signals conflicting with a pure phylogenetic hypothesis (bifurcating tree) within the
cultural dataset hence to assess whether the tree model provides an adequate
representation of grouping of the data prior the use of the actual tree-building

algorithm (Bryant and Moulton, 2004; Bryant et al., 2005).

Last but not least, it is worth noting that even the use of the terms ‘“horizontal
transmission” and “vertical transmission” are predicated on an assumption of an
underlying tree-like model. These terms would in fact be meaningless unless we
believed that branching process did indeed underpin our population history and

cultural diversification (Mace and Jordan, 2011).



Phylogenetic hypotheses (trees) of cultural phenomena

The field of cultural phylogenetics comprises of two related approaches or sets of techniques:

“building phylogenies” and “using phylogenies” (Mace and Jordan, 2011).

The first approach — the tree building - assesses the phylogenetic signal of a studied cultural
trait (either material or non-material). It considers the extent to which the similarities and
differences in the trait states accross societies can be described by tree-like structure. The
proponents of this approach are constructing phylogenies of cultural artifacts, operating with
the assumption that observed similarities among cultural artifacts are function of common
ancestry and that the artifact frequencies and phenotypes are a result of evolutionary forces in

action (Dawkins, 1976, 1982).

This approach, first utilized by nineteenth century anthropologists to create lineages of
cultural artifacts such as coins, stone tools and pottery (Mesoudi et al., 2006; Shennan, 2008)
has experienced its renaissance recently in works of Darwinian anthropologists that adopt
explicit evolutionary models and methods (e.g. Lipo et al., 2006, Shennan, 2008). The recent
examples of this approach include cladistic analysis of Californian Indian basketry (Jordan
and Shennan, 2003), phylogenetic analyses of eighteen century Turkmen weaving design
patterns (Collard and Tehrani, 2005), investigating the peopling of North America through
cladistic analyses of continent-wide sample of early Paleoindian projectile points (Buchanan
and Collard, 2007), explaining the absence of the Levallois and Aucheleen Paleolithic
technological traditions via phylogenetic analysis of stone tool morphologies (Lycett, 2007),
detecting phylogenetic signal of Neolithic plant economies through cladistic analysis of
archeobotanical assemblages from various sites of West Eurasia, from the Near East to
northwest Europe (Coward et al., 2008). This approach is not restricted only to human culture,
since Lycet et al. (2009) carried out the cladistic analysis of wild chimpanzee cultures to find
out that vertical inter-group transmission has been the dominant process also in chimpanzee

cultural evolution.

Linguistic phylogenies, that fall within this category as well, are by far the most frequent type
of cultural phylogenies (Nettle, 2007). Language, especially its basic vocabulary, is
considered an excellent proxy for inferring human population history (Mace and Pagel, 1994,
Atkinson and Gray, 2005; Greenhill et al., 2008; Pagel, 2009; Mace and Jordan, 2011), and
number of anthropological studies have modelled population history and migration using
language similarities as a cue of evolutionary relatedness (e.g. Gray and Jordan, 2000;

Holden, 2002). Language trees are considered to have such a strong historical signal for at



least two reasons. Firstly, language is a neutral trait (i.e. the forms of words themselves have
no fitness implications), and secondly, it should be highly conservative and fit the idea of
“cultural core” (strong pressures, so called conformist bias, maintain the languages in distinct
forms consistently; e.g. Mace and Jordan, 2011). This can be supported by the fact that
language and genetic phylogenetic trees are often similar (Cavalli-Sforza et al., 1988; Cavalli-
Sforza et al., 1992) and by frequent spatial correlation of genes and languages (e.g. Novembre
et al., 2008; Hunley et al., 2008; Abdulla et al., 2009; Xu et al., 2010; Wang et al., 2011). See

chapter Phylogenetic trees for the examples of recent linguistic phylogenetic studies.

Phylogenetic comparative studies of cultural coevolution and adaptation

Along with studies assessing phylogenetic signal of cultural traits, another type of studies that
deal with cultural macroevolution emerged recently. These studies use phylogenetic
comparative approach (Mace and Pagel 1994; e.g., Fortunato et al. 2006; Jordan et al. 2009;
Walker and Hamilton, 2011). They reconstruct the pattern of evolutionary changes of various
socio-cultural traits in the history of human populations. They optimize characters based on
cross-cultural data on linguistic (or genetic) phylogenies in order to test for correlated

evolution on the tree or to reconstruct states possessed by ancestral populations (taxa).

These studies are based heavily on the works of Guglielmino et al. (1995) and Hewlett et al.,
(2002) who carried out the analyses of cultural traits in sub-Saharan African societies
included in Ethnographic Atlas (Murdock, 1967; White, 1999) to conclude that modes of
transmission varies for different types of cultural traits. Most of the traits examined (namely
those associated with social structure and kinship) were found to be associated with proxies
for historical relatedness (language). In other words, these traits appear to be highly
conservative and vertically transmitted. Distribution of other traits, such as religion and
architecture, was best explained by geographical proximity, i.e., by cultural diffusion;

however, the majority of traits seem to follow more than one explanatory model.

Since then, there has been a rapid increase of phylogenetic methods to test hypotheses about
evolutionary history of cultural traits (by optimization of traits onto independently constructed
phylogeny of cultures). Examples of these works include investigating of the coevolution of
pastoralism and lactose digestion capability in adults (Holden and Mace, 1997), the
coevolution of mode of subsistence (hunting-gathering and agriculture) and fertility among

the world populations through (Sellen and Mace, 1997), phylogenetic cross-cultural analysis



of the association of sexual dimorphism in stature and sexual division of labor (Holden and
Mace, 1999), investigating the evolution of cattle-keeping (pastoralism) in relation to descent
rules (matrilineality and patrilineality) in Bantu-speaking societies of sub-Saharan Africa
(Holden and Mace, 2003), evolution of wealth transactions associated with marriage
(bridewealth and dowry) in Indo-European-speaking societies of western Eurasia (Fortunato
et al., 2006), post-marital residence rules (matrilocality and patrilocality) and descent rules in
ancestral Austronesian and Indo-European societies (Jordan and Mace, 2007; Jordan et al.,
2009; Fortunato and Jordan, 2010), evolution of socio-political complexity (number of levels
of political authority beyond local community) in Bantu and Austronesian societies (Walker
and Hamilton, 2010), evolution of long-house architecture in Native American hunter-fisher-
gatherers of the Pacific northwest coast (Jordan and O’Neill, 2010), (co)evolution of
conception beliefs (partible paternity) and post-marital residence among indigenous societies
of lowland South America (Walker et al., 2010), or the pattern of change in marital
composition (monogamy and polygyny) and postmarital residence (neo-, uxori-,and

virilocality) in the history of Indo-European-speaking societies (Fortunato, 2011a; 2011b).

Some remarks on cultural phylogenies and current phylogenetic comparative studies

The recent studies of cultural coevolution and adaptation based on optimization of cultural
characters on language phylogenies are intriguing and demonstrate that evolutionary methods
can bring significant contributions to the cultural science. However, the method they use
might be fundamentally flawed. These studies optimize socio-cultural characters mostly on
linguistic (cognate-based) phylogenies. Only a few studies using this approach mapped socio-
cultural characters on genetic phylogenies (Holden and Mace, 1997; Sellen and Mace, 1997);
however, the phylogenies they used were rather poorly resolved and contained limited sample

of human cultures (taxa).

Modern language phylogenies are detailed, fine-scaled, and congruent with archeological and
historical evidence. Language and genetic trees are often similar, both reflecting the same
underlying population history (Cavalli-Sforza et al., 1988; Cavalli-Sforza et al., 1992).
Moreover, the majority of recent studies shows that genes, languages and geography are
intercorrelated (e.g. Novembre et al., 2008; Hunley et al., 2008; Abdulla et al., 2009; Xu et
al., 2010 Wang et al., 2011). There is vast evidence that linguistic data provide a good source
of phylogenies (e.g. Mace and Pagel, 1994; Nettle, 2007; Greenhill et al., 2008; Mace and

Jordan, 2011), although some contradictory evidence does exist (e.g. Borgerhoff Mulder,

10



2001; Gray et al., 2007; Steele and Kandler, 2010). By all means, language is transmitted not
only vertically but also horizontally and the approach these studies use — to simply
synonymize “language” and “people” phylogeny - is daring and susceptible to type I errors.
Works that use this approach of mapping cultural traits on language phylogenies (rather than
optimizing culture on “people” phylogeny) are optimizing culture on another culture. This
factor might be the one to explain the astonishingly positive results of these studies
(correlation of culture and culture is much less mesmerizing that coevolution of culture and

genes).

This approach also allows number of errors to emerge due to switched causality. Consider for
example the case of western Pygmies of Central Africa (e.g. Baka of Cameroon, Gabon and
Congo) speaking Nigero-Kordofanian languages (Adamawa-Ubangi group; Lewis, 2009).
Linguistically, Baka are closely related to populations who practice mostly extensive
agriculture. By inference from linguistic phylogenies, the lifestyle of Baka who are forest-
dwelling hunter-gatherers would be interpreted as a reversal (therefore an apomorphy).
However, the language could be recently adopted and the population could belong to an
entirely different (hunter-gatherer) group, so that hunting and gathering present retention of
the ancestral state (a plesiomorphy). That is, in fact, the case of Pygmies who appear to be
genetically related to South-African Khoe-Sans more closely than to West-African Nigero-
Kordofanians (e.g. Tishkoff et al., 2009; Verdu et al., 2009; Sikora et al., 2011; Henn et al.,
2011). With some exaggeration and simplification we could say that mapping the evolution of
cattle-keeping on languages phylogeny (Holden and Mace, 2003) is similar to mapping the
evolution of cattle-keeping (or any other cultural trait) onto phylogeny of human influenza

viruses.

It is worth noting that these works (and this apply to both constructing and using phylogenies)
are concerned over and over again with cultural phylogeny of Indo-European, Austronesian
and Bantu speakers. Of course, inferring population and cultural history of certain groups is
more approachable with regard to statistical methods and computational input required. The
reason why population history of the Indo-European speakers is frequently reconstructed and
fairly often used in phylogenetic comparative approach studies lies not only in its accessibility
but in the nature of its history. History of Indo-European-speaking populations is “strikingly
tree-like” (Rexova et al., 2001, Bryant et al., 2005) and it is thought to represent Neolithic
expansion ((Diamond and Bellwood, 2003; Fortunato et al., 2010). The same (expansion into

more or less empty spaces with limited possibility of the cultural borrowing) implies for
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population history of Austronesian or Bantu speakers which can be reconstructed with
precision. Evolutionary histories of other populations or languages are considerably more

difficult to reconstruct using standard methods (Reesink et al. 2009).

The studies that keep examining cultural macroevolutionary processes almost exclusively on
the background of well-resolved, well-studied language/population expansions, are limited:
they are capable to present only cultural evolution of more or less derived monophyletic
groups and only partial image of macroevolution of the cultural traits in question. Linguistic
data are apparently unable to provide for the well-resolved deep global phylogeny of human
ethno-linguistic groups (see Greenhill et al., 2010). The analyses limited to evolution of single
higher taxa (e.g. Indo-European speakers) therefore lack reliable outgroups, and the attempts

to reconstruct their ancestral states are seriously flawed.

Advantages and drawbacks of genetic/genomic phylogenies mirror those of linguistic
phylogenies. Genetic/genomic phylogenies can provide reliable information about large-scale
clustering of human “higher taxa”. They sufficiently illustrate inter-group relationships but
often fail to deliver well-resolved phylogenies of closely related neighboring populations (see
e.g. Salmela et al., 2011). Such populations are actually prone to gene transfer more than to

the language transfer (Holden and Mace 2011).

Aim of this study

The reasoning behind our approach is incorporating both genetic and linguistic evidence into
a single dataset (utilizing philosophical principle of total evidence) in order to obtain
comprehensive phylogeny of human ethno-linguistic groups, with both higher- and lower-taxa

relationships resolved.
The aim of this study was

e to construct such composite phylogenetic hypothesis (on the level of ethno-linguistic
groups) based on number of recently published biological as well as cultural
phylogenies, using the supertree approach (the “matrix representation with parsimony”

method),

e to identify suitable social, cultural and ecological traits of various human ethno-
linguistic groups and create a dataset describing the intergroup variability of these

traits and integrate these data in the cladistic character matrix,
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e to use various methods to reconstruct the tree topology and to optimize states of
selected socio-cultural characters onto obtained tree topology, in order to reconstruct

evolutionary history of these traits, and

e to compare my results to the results the recent studies of cultural coevolution and
adaptation which optimized cultural traits onto partial phylogenies based on linguistic

data.

MATERIALS AND METHODS
Supertree

Composite trees are now routinely produced for evolutionary analyses using supertree
approach, which use existing tree topologies as their input data to create unique composite
phylogenies (Bininda-Emonds, 2004). Phylogenetic supertree is a method that uses existing
phylogenetic topologies as their input data to create rather unique composite phylogenies
(Bininda-Emonds, 2004). Supertree results from combining many smaller, even if only

partially overlapping phylogenetic trees, into a single, more comprehensive tree.

This method has since been used to provide some of the largest, most comprehensive
phylogenies for diverse groups at various taxonomic levels, e.g. mammalian species (Bininda-
Emonds et al., 2007), dinosaur genera (Pisani et al. 2002), or hexapod orders (Davis et al.,

2010).

To construct phylogenetic supertree of human ethno-linguistic groups based on various types
of input data (and in this case also various types of graphic representations of phylogeny) a
supertree method standard matrix representation with parsimony (hereinafter “MRP”) was
used (Baum, 1992; Ragan, 1992). MRP represented a universally applicable method that
could combine even incompatible sets of source trees using existing phylogenetic software

(Bininda-Emonds, 2004).

This method has several unique features among consensus methods that make it suitable for
our goals: Firstly, it utilizes the topology of source trees, not the original data. Therefore, trees
derived from different types of data (here molecular sequences, lexical data) and analyzed by
different clustering techniques (e.g., maximum parsimony, maximum likelihood, neighbor
joining, neighbor-net, split-decomposition, or Bayesian and maximum likelihood clustering

algorithms like STRUCTURE and FRAPPE) can be combined. Secondly, source patterns are
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evaluated on a more or less equal basis, so that the phylogenetic signal from datasets with a
smaller number of characters is not swamped by those with a larger number. This method is
less sensitive to conflict among source trees than are most conventional consensus techniques
so that resolution is not necessarily lost as increasing numbers of conflicting trees are
analyzed. Lastly and perhaps most importantly, the great advantage of this method is that
trees which overlap only partially (due to different set of terminal taxa) can be successfully

combined (Bininda-Emonds, et al., 1998).

The MRP supertree is done by collating phylogenetic hypothesis and translating those into
“partitions” (partial matrices) using additive binary coding (see Fig. 1a). These partitions are
merged (completely or partially, depending on the degree of taxa overlap in partitions) and the

composite MRP matrix used for subsequent maximum parsimony analysis is created.

This study used various graphic representations of shared descent, relatedness, or phylogeny,
based on various types of data, as sources of input data for constructing partitions for MRP
supertree. Some of them were not used for this purpose before. Therefore, various sources of

input data should be discussed one by one.

Input data
Phylogenetic trees of languages and populations

Modern linguists are reconstructing language histories and, by inference, population histories
using the toolkit of phylogenetics on the basis of linguistic, most frequently lexical data (and
especially of the core vocabulary) but also morphological and phonological ones (Dunn et al.,
2005). During the past decade these tree-building methods and various linguistic datasets have
been used to investigate the population expansions of various ethno-linguistic groups,
especially the three large and well-known linguistic families, the Indo-European (e.g. Gray
and Atkinson, 2003; Rexova et al. 2003; Pagel, et al., 2007), African Bantu (e.g. Holden,
2002; Rexova et al., 2006), and Austronesian (e.g. Gray and Jordan, 2000; Gray et al., 2009),
but were applied also to other groups such as Arawak of lowland South America (Walker and
Ribeiro, 2011), Semitic languages (Kitchen et al., 2009), Melanesians and Papuans (Dunn et
al., 2005; Hunley et al., 2008) etc.

Population geneticists are creating genetic trees of human populations using various markers
(HLA-A, HLA-B, red cell enzyme systems, serum protein systems, STRPs,

pseudocholinesterase-1, color blindness, etc.) and various tree construction methods (most
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frequently neighbor-joining tree on the basis of genetic distances). Numerous human
phylogenies based on autosomal genes include, for example, the peopling of America
(Tsuneto et al., 2003; Garcia-Ortiz et al., 2006; Arnaiz-Villena et al., 2007; 2010), genetic
origins of the Japanese (Omoto and Saitou, 1997), genetic relationships of the populations in
China (Chu et al., 1998), population genetic studies of indigenous Taiwanese (Jin et al.,
1999), or of Iranian ethnic groups (Farjadian et al., 2009). There also exist genetic
phylogenies concerning the whole world (e.g. Cavalli-Sforza et al., 1988; Cavalli-Sforza et
al., 1994; Ayub et al., 2003). Standard phylogenetic trees can be, of course, based on not only

autosomal genes but also on Y-chromosomal, mtDNA, or genome-wide patterns of variation.

The translation routine applies generally to trees containing information about successive
branching regardless the method used for estimating phylogeny (UPGMA, neighbor joining,

maximum parsimony, maximum likelihood, Bayesian MCMC algorithm etc.).

Language phylogenetic networks

Recently, there has been a rapid increase of application of phylogenetic networks in various

evolutionary studies.

Phylogenetic network is, as opposed to the phylogenetic tree, the depiction of evolutionary
history of the set of taxa, where the taxa are represented by nodes and their evolutionary
relationships are represented by edges (Huson and Bryant, 2006). Specific type of
phylogenetic network is the reticulated network, graphic depiction of evolutionary history that
represent (visualize) more complex evolutionary scenarios that can not be accurately
represented by a phylogenetic tree (such as hybridization, horizontal gene transfer,
recombination, host-parasite coevolution, and of course, cultural transmission).
Agglomerative methods for the construction of phylogenetic networks such as NeighborNet
(Bryant and Moulton, 2004; Bryant et al., 2005) were utilized by evolutionary anthropologists
in order to cope with the criticism of diffusionalists (see Inroduction) who repeatedly point
out that use of explicit phylogenetic methods to make inference about history of human
populations or evolution of cultural phenomena is invalid, since patterns of (not only)
linguistic and cultural diversity might be strikingly reticulate. Since NeighborNet constructs
reticulated networks rather than trees it is most useful to for initial analyses of any cultural
(phylogenetic) dataset, for assessing the degree to which a tree structure provides an adequate
representation of such dataset. It is capable of showing evidence of signals conflicting with a

pure phylogenetic hypothesis, i.e. a tree (Bryant et al., 2005).
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For this and other reasons, reticulated networks were used in number of recently published
studies on human population history to show the amount of conflict in the phylogenetic data
(by virtually showing the alternative tree topologies present in the whole sample within a
single figure), to demonstrate that the degree of horizontal transmission in order to justify
presenting the data in form of phylogenetic tree, or to show the particular cases of extensive
cultural borrowing (e.g. creolization of language). The use of networking techniques in
evolutionary anthropology includes studies of population history of various ethno-lingvistic
groups like African Bantu-speakers (Holden and Gray, 2006), populations of Sahul (Reesink
et al., 2009), Arawak-speaking societies of lowland South America (Walker and Ribeiro,
2011) and even languages of the entire world (Greenhill et al., 2010).

Phylogenetic network is translated into matrix of binary additive characters in a way similar
to translating an unrooted phylogenetic tree. Basal reticulations present in reticulated
phylogenetic networks, “box-like sections” sensu Bryant et al. (2005), were treated as

unresolved sections of phylogeny and coded as polytomies (see Fig. 1b).

Phylogenetic trees of haplotypes

Mitochondrial (mt) DNA has been a useful tool in our understanding of human evolution,
owing to characteristics such as high copy number, lack of recombination, high substitution
rate, and maternal mode of inheritance (Oven and Kayser, 2009). Similarly, the Y
chromosome is suitable for investigating recent human evolution from a male perspective

(Jobling and Tyler-Smith, 2003).

The studies of origins of human populations and population movement through mtDNA
include numerous studies dealing with the evolutionary relationships of various human groups
such as East Asians (Horai et al., 1996; Kong et al., 2010), click-speaking Africans (Tishkoff
et al., 2007), sub-Saharan Africans (Gonder, et al., 2007), indigenous Taiwanese (Tajima et
al., 2003), Native North Americans (Eshleman et al., 2004) and also the whole mankind
(Ingman, M., et al., 2000; Krause et al., 2010). The same imply for studies of human
evolution through analysis of Y-chromosomal variation (e.g. Wells et al., 2001; Semino et al.,
2002; Tajima et al., 2004; Bir6 et al., 2009; de Filippo et al., 2011).

Both mtDNA and Y-chromosomal phylogenies that were translated into supertree-coding
dataset are of basically three forms. Apart from standard phylogenetic trees based on mtDNA

or Y-chromosomal sequences and constructed by methods such as neighbor-joining or
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UPGMA that show relationships of the studied populations, there are two more types of

presentation.

The first type is phylogenies of haplogroup frequencies (e.g. Tishkoff et al., 2007; de Filippo
et al., 2011). They comprise a phylogenetic tree of haplogroups (the branch here stands for
haplogroup, not population) and a table that is listing the studied population and the
frequencies (%) of concerned haplogroups within each population sample. The population
was coded as present (“1”’) in the given branch if frequency of a given haplogroup was over
10%. This led to the state where most of the populations in the tree were coded as present in
more than one branch. The repetitive taxa were then merged and polymorphic states for them
were coded (as if various taxa were both present and absent at some levels of phylogeny). The

resulting input tree is frequently highly polymorphic (see Fig. 1c).

The last type is represented by phylogenetic tree of mtDNA genomes (e.g. Gonder et al.,
2007; Kong, et al., 2010; Krause, et al., 2010): the tree tips stand for populations, not
haplogroups, however, the same population can occur repeatedly at various positions on the
tree. Again, the tree is translated as any cladogram and subsequently, the repeating
populations are merged, using the polymorphism coding. The resulting input tree is frequently

highly polymorphic although usually not as much as in case of haplogroup trees (see Fig 1d).

Population structure graphs (genome-wide SNP-based studies)

Apart from phylogenies based on mtDNA, Y chromosome, and segments of nuclear genome
such as HLA, number of human phylogenies based on whole genomes emerged recently.
These studies utilize large datasets from genomic databases like HapMap (The International
HapMap Consortium, 2003) and the Human Genome Diversity Project (HGDP) (Cann et al.,
2003; Cavalli-Sforza, 2005).

These genome-wide SNP (single nucleotide polymorphism)-based studies often use (except
for trees) the non-tree-like outputs of STRUCTURE and FRAPPE analyses (Pritchard et al.,
2000) to illustrate their results. STRUCTURE and FRAPPE analyses are Bayesian and
maximum-likelihood-based algorithms developed to discover populations on the basis of
recombining genetic markers. The visual output of STRUCTURE and FRAPPE analysis is a
graph that represents genetic subdivision among populations based on Bayesian clustering
analysis. It shows the proportions of individual multilocus genotypes attributable to clusters

(denoted by K) indicated by different colors. The analysis itself assumes no grouping of
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information and the individuals are arrayed by population/region/continent of origin and

named only after the analysis.

These techniques have been used to infer the genetic structure and interrelationships of human
populations worldwide (e.g. Rosenberg et al., 2002; Li et al., 2008; Tishkoff et al., 2009), in
sub-Saharan Africa (Sikora et al., 2010; Henn et al., 2011), northern Europe (Salmela et al.,
2011), South-East Asia (Wang et al., 2011), Australia (McEvoy et al., 2010), Pacific Islands
(Friedlaender et al., 2008), South America (Wang et al., 2008), and elsewhere. This method
has also been successfully used to explore the relations of the extinct individual (of an extinct
human population) to extant human populations (Rasmussen et al., 2009). Apart from
genomic patterns of variation, structure analysis has been used to infer the history of structural

characteristics of languages (particularly the languages of Sahul; Reesink et al., 2009).

The population structure graphs contain some hierarchical information within that can be
translated into matrix of additive binary characters and, consequently, a phylogenetic tree
with hierarchical clustering and complete linkage. The information on presence/absence of a
given population (culture) in each section is simply transformed into matrix component, “1”
for presence and “0” for absence of the group within a given sections (see Fig. 1e). Some
human populations carry clear evidence of recent genetic admixture caused by contact with
“alien” population. There are numerous examples of such admixtures that are blurring the
signal of the original (say “pre-Columbian”) human population structure, uncovered by
whole-genome SNP-based studies. In case that a recent genetic admixture was suspected, the
presence of a given “alien” genetic component in the population was coded as “?”’. Numerous
instances of suspected recent admixture include for example presence of modern Eurasian
“Indo-European” genetic component in the genomes of the Aboriginal Australians that are
indicative of genetic influence of European settlers (McEvoy, et al., 2010), presence of
European genetic components in genomes of some Central and South American populations,
most significantly of Mayans and Pima (Wang, et al., 2007; Tishkoff et al., 2009, McEvoy, et
al., 2010) indicative of genetic influence by European conquerors, and/or European
component in the genomes of Canadian and Greenland Inuit populations (Rasmussen, et al.,
2010). In cases of apparently older and more elusive admixture events, such information was
coded as “1” (most notable case is the significant presence of Bantu genetic component in
genomes of African Pygmies and Khoe-San-speaking populations of sub-Saharan Africa
(Tishkoff et al. 2009) testifying of partial assimilation of those populations by Bantu-speaking

pastoralists.
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Fig. 1. The principle of translation of various types of graphic representation of shared
descent, relatedness, or phylogeny, based on various types of data into partition of additive
binary coding; a) standard phylogenetic tree; b) reticulated phylogenetic network; c)
phylogenetic tree of haplogroup frequencies; d) phylogenetic tree of mtDNA genomes; ¢)
population structure graph.
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Supertree-coding dataset

Source studies were searched for online (Web of Science, Google Scholar etc.) using
combinations of suitable keywords like human, phylogen*, evolution*, phylogeography,
cladistic, tree, relationship*, population®, population structure, genetic structure, variation,
diversity genom*, genom-wide, SNP, mt-DNA, Y-chromosom*, haplogroup, HLA, peopling,
expansion®, language, linguistic, Bantu, Indo-European, Austronesia*, Africa, Europe*,
India*, Thailand, Japan*, America*, Amerindian*, Hadza, Khoe*, San, Pygm®*, Mbuti,
Sandawe, Andaman*, Basque, Saami, Hungar*, Mongol*, Yukaghir, Formosa*, Ainu, Nivkh,
Na-Dene, Arawak*, Mlabri, Tasmania*, Fuegian®, Yahgan etc.. The reference sections of
obtained studies were searched for more potential sources of input data. Not only journal
papers but also compendiums (Mace et al., 2005; Lipo et al., 2006) were used. Only studies
published post 1990 were considered. The cut-off date of March 2011 was used.

The final dataset consisted of partitions based on altogether 129 input trees, reticulated
networks, structure graphs etc. that came from 95 source studies. (See Supertree-coding
dataset in electronic supplement for the partitions and information concerning source studies,
source data, and phylogenetic methods used for creating the phylogenetic tree, network, or

graph each partition was based on.)

The partitions of the combined supertree-coding dataset were then reduced dramatically in
order to contain only ethno-linguistic groups that could be identified with an ethnographically
documented culture (taxa whose cultural identity could be determined). The taxa denoted only
by geographical location (i.e. states) were excluded from the dataset. Also taxa such as
African Americans or Black Caribs of South America (Garifuna) that represent modern
settlements overlaying the original patterns and amalgam of unrelated cultures were excluded
from the final dataset. Extinct cultures (e.g. Akkadians, Hitties, Tocharians, or Saqqaq), with
the exception of recently extinct Tasmanians, were not analyses. Most taxa were excluded
from the dataset because their position on the supertre topology was not sufficiently supported

(e.g. cultures present in only one partition or one source study).

The resulting dataset comprised of 574 taxa (excluding outgroups) and 5,437 “characters”
(number of informative characters varies from 4,098 to 4,286, dependent on the type of
rooting). There are 424 taxa (i.e. 74 %) that are present both in the supertree-building and eco-

sociological datasets.

In order to compare the topologies based on combined and genomic data only, the additional

supertree-coding dataset was created that consists exclusively of partitions based on genome-
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wide SNP-based studies (altogether 22 studies; Rosenberg et al., 2002; Wang et al., 2007;
Friedlander et al., 2008; Li et al., 2008; Abdulla et al., 2009; Kopelman et al., 2009; Li et al.,
2009; Patin et al., 2009; Tishkoff et al., 2009; Verdu, 2009; Behar et al., 2010; Bryc et al.,
2010; Huyghe et al., 2010; Rasmussen et al., 2010; Sikora et al., 2010; Xing et al., 2010; Xu
et al., 2010; Chaubey et al., 2011; Henn et al., 2011; Listmann et al., 2011; Salmela et al.,
2011; Wang et al., 2011). This dataset comprised of 246 taxa (excluding outgroups) and 1,591
characters, with 1,300 to 1,348 informative characters, and 177 taxa applicable for the

optimization analyses (i.e. 72 % of taxa included).

In order to compare the results of ancestral state reconstruction in Indo-Europeans based on
topology of the combined supertree with the reconstruction based on topology inferred from
linguistic evidence, the additional supertree-coding dataset was created that consists
exclusively of partitions based on linguistic (lexical) phylogenies concerning Indo-European-
speaking populations (altogether 11 studies; Gray and Atkinson, 2003; Pagel and Meade
2005; Atkinson and Gray, 2006; Fortunato, et al. 2006; Pagel et al., 2007; Serva and Petroni,
2008; Geisler and List, 2009; Serva, 2009; Delmestri and Cristiani, 2010; Gray et al., 2010;
Greenbhill et al., 2010). This dataset comprised of 66 taxa (excluding the outgroup Hittie) and
586 characters (563 informative characters), with 50 taxa applicable for the optimization

analyses (i.e. 76 % of taxa included).

Geographical and linguistic proximity

In order to prevent cultures (taxa) underrepresented in source trees to acquire obviously
illegitimate (“wild-card”) positions on the supertree due to missing data, the topology of the
combined supertree was further constrained by including information on geographic location
and language affiliation of the analyzed populations (taxa). Topology of the purely genomic

supertree was not constrained.

The geographic information was scored either as a single five-state non-additive character that
coded World-Culture Regions as defined by Murdock (1967, i.e. Africa, Mid-Eastern, North
Eurasian, East Eurasian, North American, South American; see White, 1999), or as 15 binary
characters that coded presence or absence of a taxon in a given geographic cluster. These
clusters were defined so they took into account not only geographic, but also genetic and
linguistic boundaries and were loosely based on various, both traditional and most recent

works from comparative anthropology, genomics and macrolinguistics (Burton et al., 1996,
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Tishkoff et al., 2009, Lewis et al., 2009). The character definition and coding allowed some

taxa to be coded as member of more than one cluster. The characters included in the

geographic dataset are listed in Table 1.

South and Central Africa

including Khoe-San speakers and African Pygmies
(The only discontinuous region)

West, Central, and South Africa

including mostly speakers of Nigero-Kordofan languages

West Africa

including mostly speakers of Nilo-Saharan languages

North Africa and Arabian Peninsula

including mostly speakers of Afroasiatic languages

West Eurasia

including mostly speakers of Indo-European languages
(also creole languages), some Uralic languages
(Hungarians, Lapps) and language isolates (Basque)

Southwest Asia and India

including both speakers of Indo-European and Dravidian
languages and language isolates

Central and North Asia and Arctic region

largest geographical unit, including speakers of Altaic,
Uralic, Dene-Caucasian, Chukotko-Kamchatkan, and
Eskimo-Aleutian languages of Central and North Asia and
North America as well as indigenous populations of
Japanese Islands and Sachalin

East Asia

including mostly speakers of Sino-Tibetan Languages

South-East Asia

including mostly speakers of Austronesian languages
(including Formosan and Malagasy) and other Indonesian,
and oceanic cultures

Melanesia, New Guinea, and Australia

including Austronesian speakers of Melanesia and
members of a Sahul lineage

New Guinea and Australia

including speakers of Indo-Pacific and Australian
languages

Australia and Tasmania

including speakers of both Pama-Nyugan and non-Pama-
Nyungan Australian languages and speakers of Indo-
Pacific languages (Tasmanians)

America

including speakers of Amerindian languages and southern
enclaves of Dene-Caucasian lineage

North America

including speakers of Amerindian languages and southern
enclaves of Dene-Caucasian lineage

Central and South America

including speakers of Amerindian languages inhabiting
Central and South America

Table 1. List of geographic/linguistic clusters used as binary characters to constrain the
topology of the combined MRP supertree.

Moreover, the combined supertree topology has been constrained by 27 binary characters that

coded presence or absence of a taxon in a linguistic macrofamily or larger linguistic group.

The characters were based on the information from Ethnologue (Lewis et al., 2009), WALS

database (Haspelmath et al., 2005) and the world’s language families after Joseph Greenberg

available at The Tower of Babel Database. The macro-linguistic characters were as follows:
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Khoe-San, Nigero-Kordofanian, Bantoid (including Bantu), Nilo-Saharan, Afro-Asiatic, Afro-
Asiatic (Chadic), Afro-Asiatic (Cushtic), Afro-Asiatic (Semitic), Afro-Asiatic (Berber), Indo-
European, Dravidian, Uralic, Altaic, Korean-Japanese, Chukotko-Kamchatkan, Eskimo-Aleut,
Na-Dene, Sino-Tibetan, Miao-Yao, Tai-Kadai, Austro-Asiatic, Papuan, Austronesian
(including Formosan), Australian, Amerindian, Amerindian (Arawakan). The African
Pygmies (Mbuti, Biaka, Baka, and Bakola), Adygei, Ainu, Basque, Burusho, Daghestani,
Georgian, Ket, Nivkh, Anadamanese, Tasmanians, and Yukaghirs were treated as “language

isolates”, not being positively scored for any of the 27 characters.

Constructing and rooting the supertree

All datasets were created in Winclada software (version 1.0000; Nixon, 1999). Supertrees
were constructed by NONA software (version 2.0; Goloboff, 1999) via “Heuristic search”
routine (multiple TBR + TBR search strategy).

Majority-rule consensus supertrees were constructed from supertrees based on various rooting
options. Three rooting options were used that provide for nearly whole range of obtainable
supertree topologies, with each output maximally dissimilar to others two. The three options

were:
1) Rooting by one all zero outgroup followed by chimpanzee (“Chimp”)
2) Rooting solely by one all zero outgroup (“All-0”)
3) Unrooted tree (with Hadza placed on the base of the supertree) (“Unrooted’)

All zero outgroup is a made-up taxon that usually has all the characters coded as zero. In case
of our dataset, only partitions where the input is a rooted phylogenetic trees or population
structure graph were treated as rooted. Using the all zero outgroup is not appropriate for the
unroooted trees or reticulated networks and the outgroup row was left empty in case of these

inputs.

The chimpanzee-outgroup was coded only for partitions where the chimpanzee was present in
the source tree. Chimpanzee outgroup occur in minority of trees of human populations, and
therefore, the chimpanzee outgroup consisted of a nearly empty row (481 and 301

unambiguously coded “characters” in the combined and genomic dataset respectively).
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Character dataset

The socio-cultural and ecological characters included in character dataset concerned social
system, social complexity and stratification, community size, mating system, marriages,
residence transfers, kinship terminology, succession and wealth acquisition rules, rituals,
games, sex taboos, religious beliefs, slavery, architecture, subsistence ecology, division of
labor etc. (see List of socio-cultural and ecological characters in Appendix and Character

dataset in electronic supplement).

The characters were adapted from pre-coded variables in Murdock’s Ethnographic Atlas
(Murdock, 1967), its corrected version from Gray (Gray, 1999), and Standard Cross-Cultural
Sample (Murdock and White, 1969). For the wealth transaction associated with marriage,
additional data (28 taxa and 56 characters) were taken from Fortunato et al. (2006). Final
character dataset in Winclada consisted of 1,269 taxa and 66 both binary and multistate
characters, i.e. 83,809 character states. Among them, 17,907 character states were unknown
and 2,189 inapplicable. Ambiguous character states account for approximately 24 % of all
character states. Several characters have been coded in several alternative ways (see List of

socio-cultural and ecological characters in Appendix).

Data integration

Since the anthropology lacks the standard ‘“taxonomic” nomenclature (conversely to the
Linnean binomic nomenclature or PhyloCode used in biology), various ethno-linguistic
groups have more than one name. Numerous alternative names (at least different spellings)
frequently exist for both (see Lewis, 2009). Moreover, there is a considerable problem of
exonyms versus autonyms. The cultures (ethno-linguistic groups) present in the datasets under
various names were synonymized using the descriptive information on societies in the
anthropological literature and online databases (see References). Such information as
geographic range of the population, geographical location (longitude and latitude) of the
genotyped individual(s), language affiliation, ethnonyms, and alternate names of a culture
were used in order to identify and match cultures within and between the partitions and
datasets (White, 1986; Gray, 1999; Guthrie, 1967; Haspelmath, et al., 2005; Greenhill et al.
2008; Lewis, 2009). Another useful source of descriptive information and ethnonyms were
the supplementary information present in studies of cultural coevolution that used the similar
approach and were therefore dealing with the same issues (Holden and Mace, 2003; Fortunato

et al,, 2006; Jordan et al., 2009; Walker et al., 2010). Data provided in supplementary
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information of Deddiu and Ladd (2007) was a useful cue to match large human populations

from genomic databases with actual ethno-linguistic groups.

There was no general rule concerning naming of the taxa. The more up-to-date names from
source trees were generally preferred over sometimes obsolete or slightly pejorative names in
Ethnographic Atlas (consider “Bushmen”, “Eskimo”, “Ponapean”, “Semang” etc.). In general,

I preferred autonyms over exonyms.
The taxa from the source publications were renamed and/or merged as follows:

“Central African Republic Pygmies” or “CAR Pygmies” or “Western” Pygmies were
attributed to Biaka Pygmies. “Zaire Pygmies” or “ZAl Pygmies” or “Eastern Pygmies” were

attributed to Mbuti Pygmies (Verdu et al., 2009).

Mbenzele pygmies were merged with Biaka pygmies in order not to exclude Mbenzele from
the dataset due to their underrepresentation in source trees. This merging can be justified by
the fact that Mbenzele and Biaka are closely related (e.g. Ingman et al., 2000; Coia et al.,
2004).

“Maasai” from all source trees whose cultural/geographic affiliation was not closely specified
were assumed to be Maasai of Kenya and Tanzania and listed as such in the dataset and
combined with characters based on ethnographic data on Maasai living on the Kenyan-
Tazanian border. The exception is Maasai Ilchamus, Maasai Mumonyot and Maasai I1’gwesi,

populations that were excluded from the final dataset.

All unspecified Philippine populations from source trees lacking language or geographic
specification were considered Tagalog where it seemed plausible since Tagalog is the most

widespread language of modern Philippinese.

All Mongols (Mongolians) from the source trees were considered Khalkha Mongols (if not

stated differently) and merged with ethnographic information on the latter.

Unspecified “Eskimos” from north-eastern continental part of North America present in
source trees were all considered Copper Eskimos since Copper Eskimos are well documented

ethnographically.

“Bedouins” is a generic name for desert-living nomads living in the area extending from the
Atlantic coast of North Africa to the eastern coast of the Arabian Desert and speaking an
Arabic dialect. All Bedouins in source trees were considered Rwala Bedouins (from Syria) if

not stated differently
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Two neighboring and linguistically closely related indigenous Taiwanese (Formosan)
populations, Atayal and Taroko (Seediq) were merged due to their close relation and their
uneven distribution within linguistic and molecular datasets. Taroko (Seediq) is considered

merely the variety of Atayal in some sources (Lewis, 2009).

All Albanians from the source trees were merged into a single taxon and considered Gheg
Albanians since the ethnographic data on Ghegs were available (Murdock, 1967; Gray,
1999).Similarly, all Tocharians, Armenians, Greeks (forming the taxon “Greek (modern)”),
English, Czechs, Lusatians, Swedish, Sardinians, Bretons, Welsch, and Irish were merged into
single taxa representing all forms and dialects of a given language. Afghan and Waziri were
merged into a single taxon denoted “Pashtun (Afghanistan and Pakistan)” Nepali and
Kashkura were merged, forming a single taxon denoted “Khaskura (Nepalese)”. Austronesian

dialects that were merged into single taxa include Marshallese, Sangir, Ifugao and Manobo.

Rotokas and Aita were merged since Aita is one of the three dialects of Rotokas, the language

of Bougainville Island (Lewis, 2009).

Both French Basques and Spanish Basques from all source trees were listed as “Basques”
since the populations are closely related. With French Basques being prominent in source
studies, Basques from supertree-coding dataset were combined with the character states based
on ethnographic data on Basques from the French side of Basque geographic range (Murdock,

1967; Gray, 1999).

In number of input trees and STRUCTURE graphs, specifically those from genome-wide
SNP-based studies based on HGDP and Hap-Map databases, there are several recurrently
occurring taxa that apparently represent composite populations or geographic clusters that are
very poorly specified. These “higher-level taxa” had to be matched with actual human
populations present also in other source trees and character dataset (if possible). The group of
taxa replacing a single larger taxon was coded as polytomy so no additional information was

added into the supertree artificially.

Taxon “South African Bantu (HGDP-CEPH)” was represented by six populations/languages
it most likely consists of: Ndebele, Sotho, Swazi, Tsonga, Xhosa, and Zulu (Deddiu and Ladd,
2007)

Taxon “Bantu (HGDP-CEPH)” was represented by the following cultures/languages:
Bamoun, Kikuyu (Gikuyu), Mandinka, Ndebele, Sotho, Swazi, Tsonga, Turu, Xhosa, Yoruba,

and Zulu.
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Unspecified Bantu speakers of Kenya (HGDP-CEPH) were replaced by Kikuyu.

Taxon “North European” that recurrently occurrs in genome-wide SNP-based studies
represent English-speaking populations (originally Danish people) living in the USA. They
were attributed to “English” if possible. This should not present a major problem due to a low
resolution of trees with this “North Europe” taxon present (e.g Ayub et al., 2003; Xing et al.,
2010).

Taxon “Indigenous Taiwanese” (Ingman and Gyllensten, 2003, Tajima et al., 2004) was
represented by the set of nine Formosan societies: Amis, Atayal (Taroko), Bunun, Paiwan,

Puyuma, Rukai, Saisiat, Tsou, and Yami.

Taxon “Melanesia (HGDP-CEPH)” was represented by Naasioi of Bougaiville and by 22
other cultures of Bougainville, New Britain and New Ireland, following Friedlaender et al.

(2008).
Taxon “Micronesia” was represented by the culture of Kusaie (Kosrae).
Taxon “Polynesia” was represented by Hawaiian and Maori.

Taxon “Papua (HGDP-CEPH)”, meaning rather central Papua (Highlands) was represented by
three cultures — Gimi, Goroka, and Sepik. Fore population was used to support ethnographic

data on Goroka, Kwoma population was used to support ethnographic data on Sepik

(Murdock, 1967; Gray, 1999).

Until recently (McEvoy et al., 2010), the Australian taxon within genome-wide SNP-based
studies was based on Native Australian samples of unknown ethnic population origin
(provided by European Collection of Cell Cultures in Salisbury, UK) (Tishkoff et al., 2009).
The taxon “Australia” was therefore replaced by the following seven well-documented
Australian cultures that it might include, i.e. Aranda, Bininj Gun-wok, Meriam Mir, Tiwi,

Warlpiri, Wongaibon, and Tasmanians

Analysing datasets and optimizing characters on phylogenies

The characters were mapped onto tree topologies obtained using various rooting. These
topologies were constructed using datasets with the reduced numbers of taxa. Before
optimization, 73 taxa (approx. 13 %) for which the character states were unknown were
excluded from the final dataset in order to avoid ambiguous reconstruction of ancestral states

due to the unknown character states of terminal taxa. However, some taxa with unknown
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character states were kept within the dataset in order to preserve all the higher taxa whose
ancestral states were reconstructed (for example Papuan-speaking Melanesians for most of
whom ethnographic data was missing). Character data were then optimized on a supertree of
502 taxa (excluding outgroups) which account for the 87% of the taxa included in the final

supertrees.

Apart from the optimization on the combined supertrees constructed using various rooting,
characters were optimized on genomic supertrees as a control for alternative ancestral state
reconstruction since the genomic-supertree topology differs from the combined supertrees in
some respects. No taxa were excluded from dataset coding genomic supertree before
optimization. One character (particularly the one concerning wealth transfers at marriage) was

also optimized on the purely linguistic supertree of Indo-Europeans.

The character dataset was optimized on both the combined and genomic supertrees. For
maximum-parsimony (MP) reconstruction of ancestral states, NONA software (version 2.0;
Goloboff, 1999) was used (option “unam”). In some instances, maximum-likelihood (ML)
method of optimization was used either to control for the accuracy of MP reconstruction, or to
provide the alternative reconstruction of the key ancestral society if the MP algorithm failed
to reconstruct the ancestral state (due to unknown or diverse character states accross terminal
taxa). For the maximum-likelihood reconstruction of ancestral states, Mesquite software
(Maddison and Maddison, 2009) was used. The probability of distribution of states in the
internodes was calculated via trace character history routine, using the majority-rule
consensus of the combined MRP supertrees. One-parameter Markov k-state model (Lewis,

2001), a generalization of the Jukes-Cantor model, was used for ML reconstructions.

RESULTS AND DISCUSSION
Phylogeny of the humankind: topology of the supertree(s)

The resulting topology of the supertrees is congruent with both traditional and modern views
of human phylogeography, population movements and fundamental relationships of the major
world cultures (e.g. Guthrie, 1967; Murdock, 1967; Cavali-Sforza et al., 1988; Cavalli-Sforza
et al., 1994; Burton et al., 1996; Holden, 2002; Diamond and Bellwood, 2003; Li et al., 2008;
Gray et al., 2009; Tishkoff et al., 2009) with some exceptions that will be discussed below.
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The basal topology of inferred phylogenetic supertrees is in line with phylogenies based on
large genomic datasets (e.g. Li et al., 2008; Tishkoff et al., 2009; McEvoy et al., 2010) and
also on genetic phylogenies concerning the whole humankind (e.g. Cavali-Sforza et al., 1994;
Ingman et al., 2000; Ingman and Gyllensten, 2003; Krause et al., 2010). Fine-scaled
phylogenetic structure within the large taxonomic (geographical) units and the topology of
individual demic expansions are comparable to the topology of published linguistic
phylogenetic trees (e.g. Gray and Jordan, 2000; Holden, 2002; Gray and Atkinson, 2003;
Rexova et al., 2006). This can be demonstrated also by comparison of the combined and

purely genomic supertree (see Fig. 2 and Fig. 3).

The effect of geographic and macro-linguistic dataset (for constraining topology of the
supertree) on the resulting topology of the combined supertree was negligible. The inclusion
of geographic and macro-linguistic dataset prevented a number of taxa from acquiring “wild-
card” positions on the tree, but since they consisted of limited numbers of the “characters” (1
+ 15 + 27 characters, respectively), they did not affect the fundamental topology of the
supertree in any way. Both the combined supertree topology (constrained and unconstrained)
and the purely genomic (unconstrained) supertree topologies are congruent with language and
geography distribution, although this congruence is not perfect and exceptions do exist. The
tentative parsimonious optimization of macro-linguistic dataset (see Geographical and
linguistic proximity in Materials and methods) onto the supertrees showed that languages
correlated with the combined supertree topology about as good as other cultural traits. The
majority of language ‘“‘superphyla” form monophyletic clades in at least one supertree
topology, or at least most members of a language higher taxon fall within a single,
monophyletic cluster. These language groups include: South-African Khoe-San, Nigero-
Kordofanian, Nilo-Saharan, Afro-Asiatic (although only Semitic, Berber and some Cushitic
languages); Indo-European (truly monophyletic in only one supertree topology), Indo-
Iranians, Indo-European-speaking Europeans, Eskimo-Aleut, Northern Na-Dene, Southern
Na-Dene, Austronesian and its subgroups, and languages of Sahul. The exceptions include the
Chadic and Cushitic lineage of Afro-Asiatic languages, Khoe-San (when including Hadza and
Sandawe), Dravidian (all in one monophyletic clade but along with some Indo-European-
speaking populations), Sino-Tibetan (present within one monophyletic clade with populations
speaking Uralic, Altaic, Korean-Japanese, Miao-Yao, Tai-Kadai, Austro-Asiatic and isolate

languages), Na-Dene (as a whole), and numerous Amerindian language groups.
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The supertree(s) topology does not fit on geography well only in case of Amerindians
(probably due to the lack of the underlying information rather than absence of this pattern in
American population). The other exceptions concern population isolates (Hadza of Tanzania,
Andaman Islanders, Finnish Saami), or once connected populations, disrupted by more recent
population expansions (“Paleo-Africans” — South African Khoe-San and Central African

Pygmies isolated by the Bantu populations).

The supertree topologies based on various rooting options differ substantially (see Figures Al,

A2, A3, and Table 2 for comparison).

The topology of the genomic supertree(s) is much less resolved compared to the combined
supertree(s). However, the major taxa in the genomic supertree(s) correspond to those in the
combined supertree(s) and their fundamental topology is similar (see Fig. 2., Fig. 3, and Table

2 for comparison). There are three notable exceptions.

1. Although in the majority-rule consensus of genomic supertrees South-African Khoe-San
and African Pygmies form a basal monophyletic clade, in one topology of genomic tree
(“Unrooted”) they cluster with central African Nigero-Kordofanian and Afro-Asiatic

speakers. This association is caused by recent genetic admixture of these groups.

2. In case of South African Bantu, genetic and linguistic phylogenetic signals strongly
contradicted. Bantu of South Africa (e.g. Xhosa, Swazi, Zulu) are classified linguistically
among the most derived Bantu groups (Holden and Mace, 2002; Rexova et al., 2006), while
genomic studies place them near the root of human evolutionary tree (see Tishkoff et al.,
2009; Xing et al., 2010; Sikora et al., 2011). This is caused by the admixture of South Bantu
with indigenous South African Khoe-San populations. Therefore, in the combined supertree,
South Bantu are monophyletic sister group to East Bantu and along with them are the most
derived Bantu-speaking taxon, while in genomic supertree, South Bantu are polyphyletic and

some of them are basal and closely related to Khoe-San.

3. In the most topologies, “Sahul” (Melanesia, Papua, and Australia) falls within the
“Australasian” clade, on its unresolved base. In one genomic supertree topology (“Chimp”),
Sahul is a more basal taxon, sister to the vast majority of East Eurasian (including continental
East Asia, America and Austronesia). This is in congruence with the notion that Sahul was
settled relatively soon after modern humans left Africa (O’Connell and Allen, 2004), which
was recently supported by genomic evidence (McEvoy et al., 2010).
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Taxa overview

Sub-Saharan Africa (1) — Sub-Saharan Africans is large basal taxon that includes speakers
of Niger-Kordofanian languages (spoken across a broad region of Africa), Afroasiatic (more
specifically, Chadic and Cushitic) languages (spoken predominantly in Sahara and eastern
Africa), Nilo-Saharan languages (spoken predominantly in Sudan, Sahara, and eastern
Africa), and Khoe-San languages (spoken by San in southern Africa and by Hadza and
Sandawe in eastern Africa). The major division of the world population into sub-Saharan
Africa and the rest of the world (Eurasia, or “Afrasia” including also populations of North and
Northeast Africa) that is well supported by number genome-wide SNP-based studies (e.g.
Rosenberg et al., 2002; Li et al., 2008; Tishkoff et al., 2009; Xing et al., 2010),

Hadza and Sandawe — Hadza of Tanzania, the ethnic group in constant focus of evolutionary
anthropology, often used as a proxy for the ancestral human society (see Marlowe, 2005), is
among basalmost human groups in both the combined and genomic supertrees. Hadza acquire
position either on the base of the whole tree, or they are the first taxon to separate within sub-
Saharan Africa clade, and in one genomic supertree topology (“Chimp”), Hadza acquired
position on the base of Afrasia. Sandawe, other Khoe-San speakers of Tanzania, fall within
the taxon consisting of sympatric Bantu-speaking societies who they were largely assimilated

by (i.e. Rangi, Turu, and Burunge).

Khoe-San and African Pygmies (2) — In most supertree topologies, South African Khoe-San
(3) and African Pygmies (4) form a basal monophyletic clade or a paraphyletic assemblage
that is a sister taxa to all sub-Saharan Africans or to the whole mankind. African Pygmies
consist of the two groups — East Pygmies (Mbuti) and West Pygmies (Biaka = Mbenzele,
Baka, and Bakola). West Pygmies show a strong tendency to form a monophyletic clade in
both the combined and genomic supertrees. The position of East Pygmies (Mbuti) within this

taxon is unstable. Also, Hausa of Cameroon tend to cluster with African Pygmies.

Nigero-Kordofanian (Bantu) — Populations of sub-Saharan Africa (5) speaking Bantu incl.
Bantoid (5) languages form a paraphyletic cluster in all combined supertree topologies.
Nigero-Kordofanian speakers as a whole are strictly speaking polyphyletic in all supertree
topologies since Dioula of Burkina Faso and Dogon of Mali, placed as a sister taxa to North
Afirca (10) also speak Nigero-Kordofanian languages. In the combined supertree, phylogeny
of Bantu speakers shows the same south-east gradient as in language phylogenies (Holden and
Mace, 2002; Rexova et al., 2006) with south- and eastward migration being the terminal event

of Bantu expansion. South Bantu (7) forms a stable and monophyletic clade in all the
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combined supertree topologies. East Bantu (6) are paraphyletic due to their admixture with

sympatric Nilo-Saharan and Afro-Asiatic-speaking populations.

East Africa (Nilo-Saharan languages) (8) — This stable taxon consisting of inhabitants of
East Africa (mostly speakers of Nilo-Saharan languages) forms a terminal section of sub-
Saharan Africa (1). These populations are according to all supertree topologies related to East
Bantu (6) and Afro-Asiatic (Cushitic) language speakers. Nilo-Saharan speakers form a more
or less monophyletic clade within this east-African group. This clustering contradicts
linguistic classification (e.g. Lewis et al., 2009) but is in line with genetic (genomic)
phylogenies which does not provide evidence for a monophyletic Nilotic clade (see Gonder et

al., 2007; Tishkoft, et al., 2007, 2009).

North Africa (Afro-Asiatic languages) (10) — Afro-Asiatic languages (speakers of Semitic,
and Berber languages and some populations speaking Cushitic languages) form a
monophyletic or tightly paraphyletic group. In one combined supertree topology (“Chimp”),
they form a basal monophyletic clade within West Afrasia (9), sister to monophyletic West
Eurasians (11) (see Fig. Al). In two combined and all three genomic supertree topologies
Afro-Asiatic populations form a paraphyletic (ladder-like) cluster that constitutes a “bridge”
between Africa and Eurasia. This should be considered an artifact caused by various degree of
genetic admixture of Afro-Asiatic populations with sub-Saharan African populations.
However, in combined supertree topologies (“All-0”, “Unrooted”), the topology that Afro-
Asiatic speakers form is not purely ladder-like. There are monophyletic sections present that
correspond to linguistic classification of Afro-Asiatic languages (Cushtic, Berber) near the

base of Eurasia (see Fig. A2 and A3).

West Eurasia (11) — A large monophyletic taxon, sister group to the Afro-Asiatic clade,
present in one supertree topology (“Chimp”) based on the combined dataset (see Fig. Al). It
includes two monophyletic clades — South Asia (17) (that includes Indo-European and
Dravidian language speakers and isolates like Hunza = Burusho) and Europe (12) (including
Indo-European speakers and isolates such as Basque, Saami, and Hungarian). In most

supertree topologies, it forms a paraphyletic cluster.

Europe (12) — Monophyletic taxon that consists mostly of Indo-European-speaking societies,
although the basalmost Indo-Eropeans (Armenian, Greek and Albanian speakers) fall outside
it. Along with Indo-European speakers, it includes language isolates (Basque) and Uralic-
speaking people (Saami and Hungarian). The internal topology of this taxon shows

resemblance to cognate-based linguistic phylogenies (e.g. Rexova et al, 2003; Gray and

32



Atkinson, 2003; Pagel and Meade 2005; Pagel et al., 2007; Serva and Petroni, 2008). There
are three or four monophyletic taxa within European cluster present in combined supertrees.
East Europe (13), taxon that consists mostly of Balto-Slavonic-speaking populations but also
including Finns and Lapps (Saami). Genetic (genomic) associations of Lapps and East
Europeans were found recently by Huyghe et al. (2011), however, this genome-wide SNP-
based study had rather inadequate taxon sample. Northwest Europe (14) is a taxon that
includes speakers of Irish, Breton, Welsh, and also Orcadian in two combined supertrees
(“All-0”, “Unrooted”). Southwest Europe (15) consists mostly of Italic languages, including
Haiti Creoles and isolated Basque (as a sister taxon to Spanish). The rest of the Europeans
(16) fall within taxon that includes mostly Germanic-speaking populations in Europe and
former dominiums (Sranan and Afrikaans) and also Hungarians (Uralic-) and Georgians
(Kartvelian-speaking populations). It is worth noting that in genomic supertree, European

populations also form a monophyletic clade.

South Asia (17) — Monophyletic or paraphyletic taxon that consist of two clusters —
Southwest Asia (18), including populations speaking Indo-Iranian languages and language
isolates such as Hunza (Burusho), and India (19). Southwest Asia (Indo-Iranian languages) is
paraphyletic (in all topologies). The situation is somehow similar to that described in the
Afro-Asiatic cluster: the Indo-Iranians form a “bridge” between Europe and India. India (19)
is a monophyletic clade that diverges into two monophyletic taxa, one including only speakers
of Indo-European languages, the other including Dravidian-speaking populations along with

some Indo-European-speaking populations.

East Eurasia (20) — A large monophyletic clade that includes Circum-Pacific (21) and
Australasia (30), and is either a sister taxon to monophyletic West Afrasia (9) in one
combined supertree topology (“Chimp”; see Fig. Al) or a sister taxon to paraphyletic West

Eurasia (11) in other supertree topologies

America (incl. Beringia) (22) — Beringia and America is a monophyletic cluster placed either
on the uresolved base of East Eurasia (20), or it is the sister taxon of Far East (29), or a
subclade of the Far East (in genomic trees). In two out of three supertree topologies the
internal topology of this taxon is largely unresolved, but in one topology (“Chimp”), it is
resolved and consists of three taxa, one including the populations of Beringia and Northern

Nearctic, the other two including Amerindians and Southern Na-Dene.

Beringia and North Nearctic (23) — Beringia and North Nearctic includes speakers of
Chukotko-Kamchatkan, Eskimo-Aleut languages, Nivkh (Gilyak) and Northern Na-Dene
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languages. Chukotko-Kamchatkan language speakers represented by Chukchi and Koryak
form either monophyletic or paraphyletic cluster basal to Inuits and Northern Na-Dene. Inuit
(24) form strictly monophyletic cluster in only one combined supertree topology (“Unrooted”)
but show tendency to monophyly in all topologies. Nivkh (Gilyak) cluster with Beringia and
northern Nearctic. The linguistically defined group Na-Dene is shattered into two lineages —
North Na-Dene (25) and South Na-Dene. In combined supertrees, South Na-Dene (Apache
and Navajo) are monophyletic and cluster with Amerindians. North Na-Dene (Cree, Ojibwa,
Alaskan Athabaskan, and Chipewyan) cluster with Beringia and North Nearctic group (are

related to Inuit) and show tendency to monophyly.

Amerindian (26) — Amerindians either form a monophyletic group (in genomic supertrees),
or, in combined supertree, they cluster into two taxa (“Chimp”) that lack any clear geographic
or linguistic clustering or congruence with previously published phylogenies, or they form a
largely unresolved cluster (“All-0”, “Unrooted”). This is probably due to lack of underlying
information. For example, there are only five populations represented in the Human Genome
Diversity Project collection (Cann et al., 2002; Cavalli-Sforza, 2005), and there exists only
one genome-wide study concerned predominanly the American populations (Wang et al.,

2007).

Far East (27) — This taxon is either monophyletic (in combined supertrees) or paraphyletic
cluster (in genomic supertrees), positioned either on the uresolved base of East Eurasia (20),
or as a sister taxa to America (incl. Beringia) (22), together forming the monophyletic taxon
called Circum-Pacific (21). In combined supertrees it consists of the unresolved base
(Cambodians and Burmese) followed by two monophyletic sister taxa, one including the
populations of Indochinese Peninsula (e.g. Lahu, Karen or Mlabri), the other including
cultures of continental East Asia speaking Sino-Tibetan, Uralic, Altaic, Miao-Yao, Tai-Kadai,
Austro-Asiatic languages (and language isolates). This paraphyletic cluster also includes
Korean, Ainu, Japanese and Ryukyuan (Okinawan) which form a clade also including

Manchu.

Australasia (30) — Australasia is a large monophyletic taxon that includes mostly
Austronesian-speaking populations of Taiwan, Indonesia, Malaysia, Madagascar, Near
Oceania (West Melanesia and Papua), and Remote Oceania (42), along with some apparently
relict populations like Malaysian or Philippine Negritos. It also includes one Papuan-speaking

culture (Tobelo of Maluku Islands). In combined and two genomic supertrees, this cluster also
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includes Sahul (31). In one genomic supertree (“Chimp”) Sahul is a basal taxon sister to vast

majority of East Eurasian populations, not specifically related to the Australasian populations.

Sahul (31) — Sahul is a continent that existed during the last glacial maximum, consisted of
present day Australia, Tasmania, New Guinea, and surrounding islands. In our supertree(s),
Sahul is a monophyletic, sometimes basal clade. The base of Sahul consists of both
Austronesian and Papuan-speaking cultures. This amalgam of basal taxa must be the result of
the recent genetic admixture (Friedlaender et al., 2008). The Sahul crown group diverges into
two monophyletic lineages, one consisting of Papuan-speaking Melanesians (and some
Papuans) (32), the other of Australian Aborigines (and other Papuans) (33). The latter group
splits into two groups — monophyletic or paraphyletic taxon including predominantly the
populations of Papua mainland (e.g. Gimi and Goroka) (34) and a monophyletic taxon that
includes aboriginal Australians and Tasmanians (35). In the majority of source studies used,
Aboriginal Australians were present as a single composite taxon. Therefore, no conclusions
should be drawn from internal topology of Australian taxon (at least in genomic supertree).
However, it is worth mentioning that Andamanese (Onge) fall within Sahul. This clustering is
derived from Reesing et al. (2009) and is in concordance with the view that Andaman

islanders represent remnants of the ancient expansion from Africa to Australia.

Formosan (38) — Formosans, or indigenous Taiwanese form a monophyletic clade in all
combined supertree topologies. This taxon is either sister taxon to the monophyletic
Philippines (39), internal taxa of Philippines, or is positioned on the unresolved base of
Australasia. The monophyly of Formosans is in contrast to some linguistic phylogenies of
Austronesian-speaking societies where Formosan group create a paraphyletic (ladder-like) or
an unresolved clade on the base of the of all Austronesian societies (e.g. Gray et al., 2009;
Jordan et al., 2009; Serva, 2009). Our result is based on combination of the linguistic,
genomic (Friedlaender et al., 2008), and genetic (mtDNA) studies (Jin et al., 1999; Tajima et
al., 2003; Tajima et al., 2004; Tsai, 2004). While in linguistic studies Formosans play role of
the basal Austronesians, genetic and genomic studies also stress their affinities to continental
East Asians and other groups of the region (Cavalli-Sforza et al., 1994; Chu et al., 1998;
Ingman and Gyllensten, 2003; Friedlaender et al., 2008; Li et al., 2009). The Yami people —
indigenous inhabitatnts of the outlying island Lanyu (Orchid Island) falls within Philippines
in our supertrees. In genomic supertree, populations of Philippines also show tendency to

form a monophyletic cluster which includes Formosans (Atayal (Taroko)).
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Phylogeny of Austronesian-speaking cultures is interpreted as highly pectinate (ladder-like)
by linguistic phylogenetics (see e.g. Gray and Jordan, 2000; Gray et al., 2009; Jordan et al.,
2009; Greenhill, et al., 2010). Phylogenetic relationships of large Austronesian-speaking
groups in the combined supertrees presented here are more or less pectinate, with major
clades corresponding to islands and/or archipelagos. The supertree topologies (both combined
and genomic) clearly show that today’s population of Melanesia consists of two different
settlements, the first beeing the result of the ancient, “out-of-Africa” migration (O’Connell
and Allen, 2004; McEvoy et al., 2010; Krause et al., 2010), the other being the result of more
recent Austronesian expansion (Gray and Jordan, 2000; Diamond and Bellwood, 2003; Gray

et al., 2009).

Malayo-Polynesian (Western and Eastern) — Philippines (39) form either monophyletic or
polyphyletic taxon (when including Formosan (38)) with stable internal topology, situated on
the uresolved base of Australasia. The basalmost taxon within the Philipines clade is Badjau
(“Sea Gypsies”). Philippine Negritos (Agta and Aeta) also cluster with Philippines. Malagasy
of Madagascar falls close to the Borneo populations (40). This Borneo-Malagasy clade is
present in all combined supertree topologies that also includes an outlier — Papuan-speaking
Tobelo of Moluku Islands. It should be noted that the phylogenetic position of Malagasy in
our supertree is based only on linguistic phylogenies. Other Malayo-Polynesian taxa in the
supertree include monophyletic clades “Indonesia” (consisting of Austronesian-speaking
populations of Java, Sumatra and Borneo), “Sulawesi” (including Austronesian Muna, Wolio,
Makassar and Toradja of Sulawesi), and “Wallacea” (including Austronesian populations of

Sulawesi, Flores, Nusa Tenggara, Maluku, and other islands of this area).

Oceania (41) — This taxon is monophyletic in one combined supertree topology (“Unrooted”)
and in others largely unresolved or paraphyletic. Oceania is a sister taxon to Austronesian-
speaking cultures of Papua or Melanesia and includes Near Oceania (Austronesian-speaking

Melanesia) and Remote Oceania (42).

Remote Oceania (42) — Remote Oceania is a terminal group of Austronesian-speaking
cultures, monophyletic and well resolved in two out of three supertree topologies (“All-0”,
“Unrooted”). In combined supertrees, Remote Oceania (42) consists of two monophyletic
sister taxa — Micronesian (43) (including Kusaians, Marshallese, Kiribatese, etc.) and

Polynesian (44) (including Samoans, Mangarevans, Hawaiians, Maori, etc.).
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Character evolution

Optimization of selected socio-cultural and ecological characters (describing cultural
practices, social system, and socio-political complexity) on phylogeny allowed to infer the
pattern of evolutionary history (and characters’ coevolution) and to reconstruct ancestral
states of these traits in hypothetical common ancestors of various contemporary human

populations.

For example, the society ancestral to all contemporary human populations (0) can be
reconstructed as living in monogamous, occasionally polygynous nuclear families, practicing
bridewealth and patrilocality. Insistence of virginity of brides was likely to be absent. This
society has lived in bands or petty chiefdoms (with one level of political authority beyond the
local community at the most). Local communities were likely to comprise of 100-200
individuals. There have have been no class stratification and no slavery. There has been,
however, the office of local headman. Leadership was likely to have been inherited
patrilineally, like the movable property. Descent rules were likely to have been patrilineal or
bilateral, with “Iroquois” kingship terminology. Ancestral human society lacked the religious
concept of utterly transcendent supreme deity (high gods). Male genital mutilation was likely
to have been absent (if present, they were likely to have been performed at adolescence
). Partial segregation of adolescent males might have been present. These people lived in
dwellings with circular ground plan, floor formed by the ground and hemisphere-shaped roof.
Housing was likely to have been constructed predominantly by females. This society was
ecologically dependent on hunting and gathering, no agriculture or animal husbandry was
present. Females spent appreciably more time gathering than males while hunting have been
predominantly male business. Only games based on physical skills were present (games based
on chance and strategic skills were likely to have been absent). It should be noted that there is
a good deal of uncertainty and ambiguity inherent to cladistic reconstructions and the results

must be interpreted with caution.

I have chosen to discuss the results (based on optimization of selected socio-cultural and
ecological characters on global phylogeny based on total evidence) via comparison with the
results of recent studies of cultural coevolution and adaptation that utilized phylogenetic
comparative approach to study evolution of similar traits using phylogenies based on
linguistic data (Fortunato et al., 2006; Jordan, 2007; Jordan et al., 2009; Fortunato and Jordan,
2010; Walker and Hamilton, 2010; Fortunato 2011a; 2011b).
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Additionally, I discuss the pattern of distribution and possible presence of phylogenetic signal
of socio-cultural practice that have not been investigated to date using phylogenetic approach
— the male genital mutilation rituals. I made an attempt to revaluate the validity of “Sexual
conflict hypothesis” that suggest that male genital mutilation represent a hard-to-fake signal
of a man’s reduced ability to challenge the paternity of other man in societies with possibly

high frequency of extra-pair copulations.

Case study 1: Coevolution of wealth transfers at marriage (bridewealth and dowry) and

marital composition (mating system)

Marriage is a universal human institution (Murdock, 1967) and therefore is of special
importance for understanding human social and sexual behavior. In most human societies
marriage settlements are associated with transfers of money, property, or with services.
Whatever “symbolic” aspects mark these transfers, they also have important economic aspects
and often represent considerable amounts of wealth (its accumulation can cause considerable
distress to a giving individuals or families; Goody, 1973). Various models were proposed to
explain the function and distribution of marriage transactions, especially the two seemingly
opposing marriage transactions: bridewealth (that is given to bride’s kin by husband or
husband’s kin) and dowry (given to the bride by her own kin). It might be important to point
out that the emphasized “opposition” of bridewealth and dowry is actually quite misleading.
Bridewealth is a transaction between the kin of the groom and the kin of the bride while

dowry can be seen as sort of pre-mortem inheritance to the bride.

Evolutionary psychology interprets these cultural practices as s form of sex-biased paternal
investment. Since the variance of reproductive success is (in human as in most animal
species) greater for males than for females (Trivers, 1972), sons are more likely to benefit
from the investment of wealth in polygynous societies. In monogamous societies, however,
the inclusive fitness of parents can be increased by investing wealth into daughter in order to
secure a high-status partner for her. Ultimately, bridewealth and dowry represent means of
resource competition for desirable spouses among potential husbands and wifes (or their
families; Barrett et al., 2001). Therefore, bridewealth and dowry should occur in polygynous

and monogamous societies, respectively.

The association of dowry and monogamy is more than apparent in the ethnographic record.

Like monogamy, dowry is rare in the ethnographic record (compared to bridewealth and
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polygyny) and its geographic range is largely restricted to West Eurasia. It was inferred (from
the pattern of geographic distribution of these practices) that dowry is a practice with
relatively recent development, compared to evenly distributed practice of bridewealth. This,

however, might not be true.

Fortunato et al. (2006) attempted to investigate the development of marriage practices
systematically, utilizing Bayesian MCMC phylogenetic comparative approach to reconstruct
the evolution of two forms of wealth transfers at marriage, dowry and bridewealth, for 51
Indo-European populations. The results of optimization of this binary character onto
phylogeny of Indo-European languages suggest that dowry and monogamy (as mating system
associated with dowry) are most likely to have been the ancestral practices which remained
predominant through the course of Indo-European history (Mace and Holden, 2005; Fortunato
et al. 2006). Bridewealth, in this context, represents the evolutionary novelty of one lineage of
moderately polygynous Indo-Europeans that consist of populations speaking Iranian
languages (Fortunato et al., 2006). Recently, the pattern of change in marriage strategies in
the history of societies speaking Indo-European languages was reconstructed by Fortunato
(2011a), using the same approach, providing additional evidence for practicing monogamy in

proto-Indo-European society.

There are various forms of wealth transfers and services associated with marriage. They
include bridewealth, bride-service, reciprocal gift exchange, exchange of sister or female
relative for a bride, and dowry (Murdock, 1967; Goody, 1973). Unordered multistate
character was created based on data in Ethnographic Atlas (Murdock, 1967; White, 1999) that
resembles the character used by Fortunato et al. (2006). However, the present coding covers
greater variability of cultural practices. The practices which include transfer (of money,
movable property, persons, or service) from the husband’s kin to wife’s kin were described as
“Groom’s family is expected to give” (hereinafter “bridewealth”) as bride-service and
exchange of female relative for a bride can be considered a form of bridewealth. The second
character state was denoted “Bride’s family is expected to give” (hereinafter “dowry’). Our
character scoring compared to that of Fortunato et al. (2006) presents the third character state
that accounts for the fact that in number contemporary societies (incl. Indo-European),
marriage is not associated with formalized one-way wealth transfers (Gooody, 1973). This

character state was denoted “absence of consideration”.

The character was scored as follows: Char. 1 — Wealth transfers at marriage sensu Fortunato

et al., 2006: State 0 — Groom’s family is expected to give (including bridewealth, brideprice,

39



bride service, and the exchange of female relative for a bride); State 1 — Bride’s family is

expected to give (dowry); State 2 — Absence of consideration

The parsimonious optimization of characters onto phylogeny shows that bridewealth is likely
to have been the ancestral state which remained predominant through the course of human
evolutionary history (see Table 3). Our results indicate that bridewealth coevolves with
polygyny on a global scale (see Fig. 6). Most ancestral societies of major human subgroups
are likely to have been moderately polygynous and practiced bridewealth. There is a striking
uniformity especially in sub-Saharan Africa (1) where the ancestral bridewealth is associated
with ancestral moderate polygyny or harem polygyny (in the major clade that is sister to the
basalmost African populations - Hadza, Khoe-San and Pygmies). Despite greater variation in
modes of marriage among populations of Afrasia, MP reconstructions of ancestral societies
are rather uniform: they were reconstructed as moderately polygynous and practising

bridewealth (see Fig. 6).

Concerning the proto-Indo-European society, our results contradict those of Fortunato et al.
(2006) and Fortunato (2011a). This is not given by sampling or uneven distribution of
ambiguous states among terminal taxa but rather by the topology of the supertree. The
relevant section of the supertree differs from the tree topologies suggested by the linguistic
classification. There is no support for monophyletic taxon consisting solely of Indo-European-
speaking cultures within combined or genomic datasets. Our results show that whether the
Indo-European-speaking populations form a monophyletic clade (“Chimp” rooting) or
paraphyletic cluster, the population ancestral to all Indo-Europeans (11) was likely to have
been moderately polygynous and practice bridewealth, and this combination was the
plesiomorphic state (inherited directly from the population ancestral to West Afrasia (9)).
Only ancestral Europeans (12) and their subgroups (13, 14, and 16) were found to have been
monogamous and practised dowry. Ancestral South Asiatic people (17), including speakers of
Indo-Iranian languages, and their subgroups (18,19), were polygynous and practised

bridewealth.

The tentative ML optimization of our data on the topology of MRP supertree of Indo-
European populations based solely on linguistic trees (see fig. 4) shows that with phylogeny
based solely on linguistic classification, although obtained by different method, the results

similar to those of Fortunato et al. (2006) are obtained (See Fig. 5).

In case of Indo-Europeans, the state “Absence of consideration” most likely represents

relatively recent shift from dowry. (ML optimization suggests the absence of consideration
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could have been the ancestral state for the Southwest Europe (15).) However, this state is
fairly common in Afrasia (not in Africa) and its cultural (macro)evolutionary origins are more
common than those of dowry. Although MP optimizations fails to account for this, ML
optimization indicates that the “Absence of consideration” could have been the ancestral state
for Remote Oceania subgroups (42, 43, 44), and it was likely to have been the ancestral state
of all Austronesian-speaking Pacific cultures (41). It could also have been the ancestral state
of Philippinese (39). The absence of consideration is also fairly common among populations
of America. However, the poorly resolved internal topology of this taxon does not allow to

draw any conclusions regarding the ancestral state of any particular American subgroup.

There has been a long-standing conviction that dowry and monogamy results from a shift
from less complex societies towards more complex societies. However, this conviction
possibly stems from the lack of principled and systematic investigation of the development of
these socio-cultural phenomena. From the comparison of optimization of wealth transfer at
marriage and social complexity (see Fig. 6 and Fig. 8), it can be inferred that there might be
the coevolution of dowry and social complexity present among Indo-European populations,

however, this tendency definitely does not apply globally.

Case study 2: Evolution of postmarital residence (patri-, matri-, and ambilocality)

Post-marital residence rules specify the sex-specific dispersal and kin associations (they
describe the kin group with whom a couple lives after marriage). These rules are often, but
not always, correlated with the descent rules (and other social norms and cultural practices). It
was long hypothesised that changes in the residence system would cause changes in descent,

not the other way around (e.g. Marlowe, 2004; Jordan, 2007).

The evolution of postmarital residence was recently investigated via phylogenetic
comparative methods in Austronesian populations (Jordan, 2007; Jordan et al., 2009;
Fortunato and Jordan, 2010), in Indo-European populations (Fortunato and Jordan, 2010;
Fortunato, 2011b), and in populations of lowland South America (Walker et al., 2010). They
came to conclusion that, in Austronesians, postmarital residence coevolve with descent
system in a way that changes in postmarital residence precede changes in descent system
(Jordan, 2007) and that ancestral Austronesian society practiced matrilocality (uxorilocality)
(Jordan et al., 2009; Fortunato and Jordan, 2010). Ancestral Indo-European society practiced
patrilocality (virilocality) (Fortunato and Jordan, 2010; Fortunato, 2011b). Matrilocality was
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found to be relatively unstable compared to patrilocality that, once gained, is rarely lost
(Jordan, 2007; Jordan et al., 2009; Fortunato and Jordan, 2010; Walker et al., 2010).

The multistate and unordered character was created based on data in Ethnographic Atlas
(Murdock, 1967; White, 1999) that resembles the character used for optimization by Jordan et
al. (2009). The post-marital residence rules that imply living with husbands kin were
described as “patrilocal (including virilocal)” (hereinafter “patrilocal”). The second character
included states when postmarital residence rule imply living with wifes kin were described as
“matrilocal (including uxorilocal and avu