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Introduction

1. Evolution of culture

Skimming through the hundreds of variables listed in George P. Murdock’s and Douglas R.
White’s Standard Cross-Cultural Sample (Murdock & White, 1969), one must wonder whether
there is any rhyme or reason behind the bewildering array of subsistence modes, life-history
strategies, behavior, and culture in different human populations around the globe.

The diversity of human cultures is truly stunning. Human populations that live in an
extraordinary range of environments differ in their social organization, patterns of reproduction,
and parental behavior, and have diverse and elaborate beliefs, social institutions, traditions, and
norms. Humans practice monogamy, polygyny, or polyandry, pay dowry or bride price, and
trace their ancestry through the paternal or the maternal line of descent. They follow various
rules of inheritance of social status and resources, operate under different modes of subsistence
as hunters-gatherers, herders, or farmers, eat different foods, make and use different tools for
foraging, farming and other purposes. There are over 7,000 languages spoken worldwide
(Lewis et al., 2016). Human intraspecific diversity is, based on the number of ethno-linguistic
groups, comparable to the species-level diversity of tetrapod classes (i.e., amphibians, reptiles,
birds, and mammals). This diversity of ethno-linguistic groups goes hand in hand with a wide
range of life-history, behavioral and cultural adaptations that have enabled humans to inhabit
virtually every environment on Earth (Brown et al., 2011).

The aim of this thesis is to investigate whether and how the methods developed by
evolutionary biology to study the mechanisms that generate biological diversity can help us
understand the patterns of human behavioral and cultural diversity.

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. Many of the fundamental features of biological and cultural evolution are demonstrably
analogous. These include the crucial aspects of evolution - variation, inheritance and selection
(Mesoudi et al., 2004; Duda, in press). There are parallels between biological and cultural
evolution both at the gene or cultural trait level and at the species or population level (Mace &
Holden, 2005). Darwin saw similarities between evolution of biological species and evolution
of languages (Darwin, 1859), and nineteenth-century linguists, anthropologists and
archeologists used phylogenetic thinking (“tree thinking”) to infer genealogies of languages
and cultural artifacts in the same way biologists use it to infer phylogenetic trees of biological
species. During the 19" and 20" century there have been intriguing parallel developments in
evolutionary biology and social sciences (historical linguistics, cultural anthropology and
archeology) (Atkinson & Gray, 2005; Rivero, 2016; Duda, in press).

During the second half of the 19" century, evolutionism has become an influential view
that has greatly affected anthropology as a scientific discipline. Evolutionism was the earliest
school of thought in anthropology, represented by Herbert Spencer, Edward Burnett Tylor,
Lewis Henry Morgan, James George Frazer and others. However, these early anthropologists
understood the process of cultural evolution as a progress through predefined developmental
stages of society from simple to complex, “from savagery through barbarism to civilization”



(Morgan, 1871), and viewed European culture as a pinnacle of the social evolution. Such
“ladder-like” view of cultural evolution as a lineal progression towards more complex types of
socio-political organization presents a fundamental misunderstanding of the process of
evolution as “descent with modification” (Darwin, 1859). 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 ancestor-descendant continuum. No
culture can be a priori considered “primitive”, or the lower grade of the other as all cultures are
equally distant from their common ancestor (at least temporally) and the process of (common)
descent with modification imply a tree-like pattern with many parallel branches. In the early
20" century, evolutionism has been replaced by cultural relativism represented by Franz Boas
and his disciples. Boas strongly rejected the idea of cultural evolution, arguing that the theories
of evolutionist anthropologists were speculative and unscientific. He claimed that culture
developed independently of other characteristics of human populations. The idea that culture,
“race”, and language constitute mutually independent and unrelated determinants of human
existence has become a central tenet of modern anthropology.

In the late 19" and early 20" century, another important controversy arose as linguists
and cultural anthropologists have realized that elements of culture are not transmitted only
“vertically” along the lines of descent, but also “horizontally” between them. The dispute over
the relative importance of horizontal transmission (diffusion of culture between
contemporaneous populations through intermarriage, trade, exchange, etc.) has virtually
paralyzed the science of cultural evolution for about half a century and remains an important
issue to date (Collard et al., 2006; Borgerhoff Mulder et al., 2006; Mesoudi et al. 2006).

Beginning with Spencer and others who brought the term “evolution” into anthropology,
anthropologists of the 19" and 20" century have used information obtained by comparisons
across human populations to test the ideas about cultural evolution. Since the 1950s, many of
these studies have used cross-cultural data accumulated by George P. Murdock who published
his first cross-cultural data set, the World Ethnographic Sample, including 565 populations in
1957 (Murdock, 1957). In 1967, Murdock published Ethnographic Atlas including 1,250
populations (Murdock, 1967). Cross-cultural research became a major branch of anthropology.
Most cross-cultural researchers studied functional associations between cultural traits by testing
for correlation between two or more traits across a group of cultures (Mace & Pagel, 1994).

However, Francis Galton realized as early as 1889 that cultures cannot be treated as
independent for purposes of investigating cross-cultural correlations. The patterns of historical
relatedness among cultures mean that they cannot be assumed to have evolved or acquired their
particular characteristics independently. This realization has later became known as
phylogenetic non-independence or “Galton’s problem” (Naroll, 1961; 1965).

Murdock attempted to solve Galton’s problem by categorizing the 1,250 populations in
the Ethnographic Atlas into a smaller number of 186 clusters or “sampling provinces”. He
assumed that these clusters represented independent groupings while the cultures within a
cluster would display many similarities owing to both geographical proximity and common
descent. Together with Douglas R. White, Murdock also developed the Standard Cross-
Cultural Sample (SCCS), including 186 “culturally independent” populations (Murdock &
White, 1969). Each cluster in the Ethnographic Atlas was represented by a single population in
the SCCS. By focusing attention on a limited sample of 186 cultures, the data have steadily
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improved in scope and quality. The SCCS now contains well over 2,000 coded variables
ranging from subsistence to religion and remains widely used in cross-cultural research.

However, the SCCS fails to provide a principled solution to Galton’s problem. By using
a limited sample of “culturally independent” populations, it merely moves back in time the issue
of historical relatedness. The clusters in Ethnographic Atlas are not independent for the same
logical reasons that cultures within a cluster are not. There are no such things as “independent
cultures”, only cultures with differing degrees of relatedness, and Murdock’s clusters must also
be related, even if more distantly. The SCCS populations cannot be independent on variables
that evolved in or were acquired and retained by common ancestors of these clusters (Mace &
Pagel, 1994). The correct way to distinguish “functional” from “historical” associations in
cross-cultural studies is to account for differing degrees of relatedness across populations.

The same problem that concerns testing adaptive hypotheses using cross-cultural
comparison applies to identifying instances of horizontal cultural transmission (cultural
diffusion) between populations. It is impossible to evaluate the importance of different modes
of cultural transmission (horizontal and vertical) in cultural macroevolution without some
notion of phylogeny. The term “horizontal transmission” is actually meaningless unless we
assume that branching process did indeed underpin human evolutionary history and cultural
diversification (Mace & Jordan, 2011).

Theoretical foundations of the field of cultural evolution were laid in the 1970s by Luigi
L. Cavalli-Sforza and Marcus Feldman who borrowed and adapted models from population
genetics and epidemiology to describe the processes of (horizontal and vertical) cultural
transmission, cultural change, and gene-culture coevolution (Cavalli-Sforza & Feldman, 1973,
1981). Barry Hewlett was the first to investigate the significance of different processes of
cultural transmission, described by Cavalli-Sforza and Feldman, in non-industrial society, the
Aka pygmies in Central African (Hewlett & Cavalli-Sforza, 1986). Robert Boyd and Peter
Richerson further developed the field of cultural evolution by introducing a variety of novel
ideas and methods (Boyd & Richerson, 1985). These ideas were later popularized in Boyd and
Richerson’s book Not by genes alone (Richerson & Boyd, 2005). Paraphrasing the famous
essay by Theodosius Dobzhansky (Dobzhansky, 1973), Richerson and Boyd asserted that
“Nothing about culture makes sense except in the light of evolution”. In the 1990s the science
of cultural evolution was further developed thanks to the work of Mark Pagel and Ruth Mace
(Mace & Pagel, 1994) who emphasized the need to use phylogenies as tools to interpret various
aspects of human cultural variation from languages to social norms. Thus, Mace and Pagel
introduced formal phylogenetic comparative methods to anthropology. In the late 1990s and
the early 2000s, the first phylogenetic cross-cultural studies and phylogenetic analyses of
cultural traits have emerged (Holden & Mace, 2003; Sellen and Mace, 1997; Holden & Mace,
2003).

Today, the science of cultural evolution is divided into two sub-disciplines: gene-culture
coevolution (or dual inheritance theory) and cultural phylogenetics (Laland & Brown, 2011).
The first sub-discipline is largely build on research made by Cavalli-Sforza and Feldman and
Richerson and Boyd, and investigates how genes and culture interact, how they adapt to one
another, or how they affects one another’s selective environment. Cultural phylogenetics is
largely build on research made by Mace and Pagel and investigates evolution of the culture
itself, treating human populations as biologists treat species in phylogenetic analysis (Pagel &
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Mace, 2004). It also investigates to what extent are the patterns and processes of cultural
evolution comparable to those of biological evolution.

Such research requires robust phylogenetic and statistical inference techniques.
Therefore, the advances in the study of cultural macroevolution depend on our ability to infer
phylogenies of human populations and to use these phylogenies while analyzing comparative
data.

2. Phylogenetic comparative methods

Comparative method is an analytical approach based on the comparison of different objects
with the aim to elucidate the processes that responsible for their diversity. Phylogenetic
comparative method is the analytical study of species, populations, and individuals in which
phylogenetic relationships are taken into account to distinguish between similarities that arose
for functional reasons (i.e., selection) and those that are due to historical reasons (i.e., common
ancestry) (Garamszegi, 2014).

Beginning with the late 1960s, the developments in phylogenetics were accompanied
by the developments of comparative methods (until that time, comparative biology developed
its statistical tools independently of phylogenetics). Phylogenetic comparative methods
introduced a crucial historical dimension of biological evolution to the cross-species
comparisons. These ideas and methods were extremely valuable since recognizing adaptations
was the aim of many comparative studies. The most important tools for phylogenetic
comparative analysis were introduced in the late 1980s and early 1990s (Felsenstein, 1985;
Grafen, 1989; Harvey & Pagel, 1991; Pagel, 1994; 1999).

Phylogenetic comparative methods allow to answer questions that are simply not
possible within the framework of more traditional statistical inference techniques (e.g., simple
correlations or contingency tables). These methods allow, among other things, to control for
phylogenetic autocorrelation in the comparative analysis, to reconstruct ancestral character
states, and to detect character coevolution.

Phylogenetic comparative methods have been regularly used in primatology and
evolutionary anthropology since the 1980s (Nunn, 2011). These studies include, e.g.,
identifying morphological ecological and behavioral determinants of body-size sexual
dimorphisms in primates (Cheverud et al., 1985), investigating evolution of social organization
in primates (Di Fiore & Rendall, 1994), explaining the occurrence of social monogamy in
primates as an adaptation to higher infanticide risk (Opie et al., 2013), or reconstructing
behavior of the chimpanzee-human last common ancestor (Duda & Zrzavy, 2013). Later,
phylogenetic comparative methods became used by historical linguistics, cultural anthropology
and archeology to reconstruct human population history and to tackle the questions regarding
the evolution of cultural diversity within our species (Mace & Holden, 2005; Lipo et al., 2006;
Mendoza Straffon, 2016) (see “Cultural phylogenetics™).



3. Human population history

During the last 50 years, the development of molecular phylogenetics and statistical inference
techniques have revolutionized evolutionary biology. A gradually increasing amount of
molecular sequence data has produced enormous datasets that can only be investigated using
computational techniques. These techniques have been applied to genetic data and, more
recently, to linguistic data in order to reconstruct of human population history.

In 1988, long before the first phylogenies of human populations based on formal phylogenetic
analysis of linguistic data appeared, Cavalli-Sforza et al. (1988) published a paper directly
comparing a phylogenetic tree of human populations and dendrogram of language families.
Although the dendrogram was based on highly controversial linguistic classification on the
level of language families and macrofamilies (Ruhlen, 1991), the paper has become very
influential. It highlighted the similarities between the processes of historical inference in
biology and linguistics, as well as the potential importance of linguistic, not only genetic data,
for inferences about human population history. In the wake of this paper, there has been a
proliferation of studies attempting to test hypotheses about human population history and
coevolution between genes and languages.

3.1 Phylogenies based on genetic data

Constructing phylogenies based on patterns of molecular genetic variation in human population
has proved to be a powerful approach to learn about the origins and evolutionary history of our
species (Veeramah & Hammer, 2014). Population-genetic research of human evolutionary
history began in the 1970s with the analyses of so called “classical markers” such as ABO blood
groups and protein allomorphs. The culmination of this research has been an extensive
monograph The History and Geography of Human Genes by Cavalli-Sforza, Paolo Menozzi,
and Alberto Piazza (Cavalli-Sforza et al., 1994). With the advent of automated sequencing
technology and the Polymerase chain reaction (PCR) technique, the era of research of
uniparental markers has begun. Uniparental markers are parts of a genome that are passed to
the offspring via a single parent; they include mitochondrial DNA (mtDNA) and the non-
recombining portion of the Y chromosome (NRY). MtDNA is a circular piece of non-
recombining DNA of ~16,000 bp found in the mitochondrion and inherited exclusively from
the mother. NRY is the middle ~95% of the Y chromosome passed from father to son that does
not undergo recombination during meiosis, thereby allowing genetic ancestry to be traced
exclusively down the paternal line. The research of uniparental markers gained wide attention
with the demonstration in 1987 of an African root of the human mtDNA tree, so called
“Mitochondrial Eve” (Cann et al., 1987). The research of human mtDNA was later popularized
in a Bryan Sykes’s book The Seven Daughters of Eve (Sykes, 2001). The results based on
mtDNA have soon been complemented by the results based on NRY. Studies based on the
analysis uniparentally inherited markers are still being published, and new mtDNA and Y-
chromosomal haplogroups are being regularly described and incorporated into increasingly
better-resolved human mtDNA and NRY phylogenies (van Oven & Kayser, 2009; van Oven et
al., 2014). It is worth noting, however, that the information based on these markers provide only
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a limited “snapshot” of the genealogical information in the human genome. Often, these
markers are informative of sex-specific demographic processes driven by socio-cultural
processes rather than of the history of the whole populations, due to their uni-parental
inheritance (Wood et al., 2005; Berniell-Lee et al., 2009).

For example, the present-day Bantu-speaking populations of the Congo Basin share
ancient mtDNA haplogroups with pygmy hunter-gatherers and even South African Khoisans,
suggesting their autochthonous origin, while according to Y-chromosomal haplogroups, they
are descendants of a population dispersal that began around 3,000-5,000 years ago in the region
of the border between Nigeria and Cameroon. This discrepancy is a consequence of sex-biased
admixture between Bantu-speaking farmers and pygmy hunter-gatherers. While Bantu men
regularly marry pygmy women, the marriages between pygmy men and Bantu women are
prevented by a set of socio-cultural taboos (Berniell-Lee et al., 2009; Verdu et al., 2009; Duda,
2015).

Population history of Icelanders is another good example. Icelandic Y-chromosomal
haplogroups come from Norwegian and other Scandinavian stock, reflecting that Icelanders are
the descendants of Viking explorers who settle the island in the 9™ century. However, the
substantial proportion of Icelandic mtDNA genepool comes from the British Isles where
Vikings used to stop off on their way to Iceland to pick up the supplies and some women
(Helgason et al., 2000). Later, in the 11" century, Vikings made an incursion into North
America (Newfoundland and Labrador) and brought “trophy wifes” from there as evident from
the presence of rare mtDNA haplogroup Cle in the genomes of present-day Icelanders
(Ebenesersdottir et al., 2011).

In the early 2000s, the development of DNA hybridization microarray technology led
to the first studies of human population history based on genome-wide data. These data included
short tandem repeats (STRs) or microsatellites and single-nucleotide polymorphisms (SNPs).
At around the same time, the first by on-line archiving molecular datasets, such as the Human
Genome Diversity Project (HGDP) panel (H. M. Cann et al., 2002) or the International HapMap
Project (Gibbs et al., 2003) were published. With the advent of massively parallel short-read
(second-generation) sequencing and recently third-generation sequencing technologies, the
whole-genome data become regularly used and they are now becoming available for an
increasing number of human populations.

Notably, the field of human population history have been greatly affected by the
increasing availability of ancient DNA (aDNA), from mtDNA fragments to whole genomes
(Pickrell & Reich, 2014). The inclusion of aDNA samples into genomic analyses allowed to
make inferences about human population history that would be impossible without this source
of information. These analyses detected an archaic introgression from Neanderthal to modern
human genome that contributed to the genetic ancestry of present-day non-Africans (Green et
al., 2010), and discovered that a previously unknown Nenaderthal-related hominin population
that was living in the Altai-Sayan region that has contributed to genetic ancestry of present-day
aboriginal people from New Guinea, Australia, and the Philippines (Krause et al., 2010; Reich
et al., 2010). Paleogenomic analyses have elucidated the ancestry of Native American people
(Raghavan et al., 2014) and confirmed that there were at least two independent migrations from
Beringia to North America (Rasmussen et al., 2010, 2014). It also confirmed some theories
about ancient migrations based on linguistic evidence. For example, the analysis including
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aDNA helped to ascertain the role of Taiwan as a source for the Austronesian expansion (Ko et
al., 2014), or to support the “steppe hypothesis” of the Indo-European origins (Haak et al., 2015)
(see “Phylogenies based on linguistic data”).

As the quality and quantity of population genetic data improved, so did the quality of
phylogenetic inference methods used. The early trees of human populations were based on
distance-based algorithms such as UPGMA and neighbor-joining (Nei & Roychoudhury,
1993). In the late 1990s and early 2000s, distance-based methods were steadily replaced by
character-based methods of phylogenetic tree inference, especially maximum-likelihood and
Bayesian analysis. However, distance-based methods are being used to date and some of the
largest trees of human populations based on genome-wide data were produced by neighbor-
joining analysis (Tishkoff et al., 2009; Pemberton, 2013; Mallick et al., 2016).

Human population history is certainly not purely tree-like, as genetic admixture,
mediated by processes such as migrations, expansions, intermarriage, trade, or slavery, have
played an important role in history (Hellenthal et al., 2014; Bushy et al., 2015). Recently
developed phylogenetic methods allowed to visualize evolutionary history of populations using
a bifurcating tree with horizontal links (“admixture edges”), accounting for both population
splits and mixtures (Pickrell & Pritchard, 2012).

In addition to phylogenetic analyses that produce trees or reticulated networks,
clustering methods producing so called “admixture plots” were applied to genetic data to infer
human population history since the early 2000s (Rosenberg et al., 2002). Admixture plots are
graphical outputs of programs STRUCTURE (Pritchard et al., 2000), FRAPPE (Tang et al.,
2005), or ADMIXTURE (Alexander et al., 2009), developed to estimate individual ancestry
and population structure on the basis of recombining genetic markers (i.e., SNPs, STRs,
sequence haplotypes, etc.). These programs use iterative maximum-likelihood or Bayesian
clustering algorithms that attribute individual genotypes of known ethnic population origin to
K clusters such that Hardy-Weinberg equilibrium is maximized within clusters. Individuals are
given a membership coefficient for each cluster such that the estimated membership coefficient
of each individual sum to 1 across K clusters. The analysis itself assumes no grouping of
information, and the individuals are arrayed by the population of origin only after the analysis.
The graphical outputs of these programs are plots indicating the proportions of individual
genotypes attributable to K clusters by color. The order of appearance of clusters reflects a
composite of individuals’ ancestry proportions and ancestry-specific allele frequencies.

3.2 Phylogenies based on linguistic data

Linguistic data have a strong historical signal for at least two reasons. Firstly, language is a
neutral trait, i.e., the words are arbitrary sounds that should have no fitness implications (Mace
& Jordan, 2011, but see Blasi et al., 2016). Secondly, language, especially its basic vocabulary,
IS a very conservative trait and fits the idea of “cultural core”, i.c., there are strong pressures,
so called conformist bias, that maintain words in distinct and consistent forms. The fidelity of
cultural transmission of some words can rival that of genes (Pagel, 2009). This is supported by
the fact that genetic and linguistic trees are often similar, reflecting the same underlying process
of population fission and migration (Cavalli-Sforza et al., 1988; Cavalli-Sforza et al., 1992;
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Penny et al.,1993; Balanovsky et al., 2011; Karafet et al., 2015; Longobardi et al., 2015), and
by spatial correlation of genetic variants and linguistic groups (Barbujani & Sokal, 1990; ;
Novembre et al., 2008; Jay et al., 2011). Language differences often function as barriers to gene
flow and thus can shape genetic diversity (Belle & Barbujani, 2007).

The idea that language similarity can be used to trace ancient human migration dates
back to 18" century, to William Jones who proposed the existence of a relationship between
Indo-European languages and to Thomas Jefferson who speculated about a historical
connection between languages of East Siberia and North America. In the 19" century, the first
language family trees by Frantisek Ladislav Celakovsky and August Schleicher predate the first
trees of biological species by Charles Darwin and Ernst Haeckel by several years (List et al.,
2016; Duda, in press).

In the 1950s, Morris Swadesh developed formal, quantitative approaches to comparative
linguistics called lexicostatistics and glottochronology. They allowed to infer the relationships
between languages from a distance matrix based on percentages of shared basic vocabulary
items and to estimate the time since two or more languages diverged from a common ancestor.
However, there are serious theoretical and methodological problems with lexicostatistics and
glottochronology. The distance-based clustering algorithm causes a loss of information and
tend to group languages that evolved in a same rate rather than languages that share a recent
common ancestor. The assumption of the constant rate of language change is inadequate,
making the inferred time estimates unrealistic. For these and other reasons, lexicostatistics and
glottochronology were heavily criticized and are now largely discredited (Atkinson & Gray,
2005).

In recent years, historical linguists have increasingly utilized phylogenetic approaches
to reconstruct language histories and, by inference, population histories using character-based
phylogenetic methods and lexical data (and especially basic vocabulary). Character-based
methods of phylogenetic analysis have provided principled solutions to many of the problems
that plagued lexicostatistics and glottochronology.

The first tree based on phylogenetic analysis of linguistic data was published in 2000
(Gray & Jordan, 2000) and was based on maximum parsimony analysis of 77 Austronesian
languages and 5,185 lexical items. Its topology supported the Express Train model of
Austronesian expansion popularized by Jared Diamond (Diamond, 1988). In 2002, the first
phylogenetic tree of Bantu languages was published (Holden, 2002) based on 92 basic
vocabulary items and 72 Bantu and Bantoid languages. In the next year, the first phylogenetic
tree for Indo-European languages was published by Rexova et al. (2003). This tree was based
on parsimony analysis of 84 languages and 200 vocabulary items of the Swadesh wordlist.
Several months later, the first time-calibrated phylogeny of Indo-European languages by Gray
and Atkinson (Gray & Atkinson, 2003) was published, based on Bayesian analysis of 87 Indo-
European languages and 200 vocabulary items. Gray and Atkinson estimated the age of the root
of the Indo-European tree between 7,800 and 9,800 years BP. This time depth supports the
Anatolian theory of Indo-European origin, originally proposed by Colin Renfrew (Renfrew
1990). However, a recently published tree of Indo-European languages that uses slightly
different method of time-calibration (Chang et al., 2015) supports the alternative “‘steppe
hypothesis”, originally proposed by Marija Gimbutas (Gimbutas, 1973), in agreement with
recent paleogenomic analysis (Haak et al., 2015).
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Today, phylogenies of languages and dialects based on lexical data are available for the
following language families and groups of languages: Austronesian (Gray & Jordan, 2000;
Gray et al., 2009), Malagasy (Serva, 2012), Bantu (Holden, 2002; Holden & Gray, 2006;
Rexova et al., 2003; 2006; Currie et al., 2013), Kikongo (De Schryver et al., 2015), Indo-
European (Gray & Atkinson, 2003; Rexova et al., 2003; Atkinson & Gray, 2006; Bouckaert et
al., 2012; Chang et al., 2015; Serva & Petroni, 2008), Slavonic (Nurbakova et al., 2013), Semitic
(Kitchen et al., 2009), Turkic (Hruschka et al., 2015), North Caucasian (Balanovsky et al.,
2011), East Caucasian (Karafet et al., 2015), Uralic (Honkola et al., 2013), Pama-Nyungan
(Bowern & Atkinson, 2012; Malaspinas et al., 2016), Tasmanian (Bowern, 2012), Aslian (Dunn
etal., 2013), Japonic (Lee & Hasegawa, 2011), Ainu (Lee & Hasegawa, 2013), Dene-Yeniseian
(Sicoli & Holton, 2014), Pacific Coast Athabaskan (Spence, 2013), Uto-Aztecan (Levinson et
al., 2011; Wheeler & Whiteley, 2015), Arawak (Walker & Ribeiro, 2011), Tupi-Guarani
(Michael et al., 2015), Tupian (Walker et al., 2012; Galucio et al., 2015), and Tucanoan (Chacon
& List, 2015).

The vast majority of published studies has concerned a single language family due to
the shallow time depth (approximately 10,000 years) available for traditional methods based on
the analysis of lexical data, caused by a relatively fast process of lexical change (Gray, 2005).
Some researchers assume that the methods based on the analysis of structural elements of
languages (e.g., phonological and morphosyntactic features, and word order) or highly
conserved, most frequently used words in the basic vocabulary (e.g., special adverbs, pronouns,
and numerals) will push the time depth of language phylogenies well beyond 10,000 years limit
and elucidate the relationships between language families (Gray, 2005; Pagel et al., 2007
2013). However, phylogenetic trees that include languages of more than one language family
based on lexical data or structural data are still very rare. They include trees of Austronesian
and non-Austronesian (Papuan) languages of Island Melanesia (Dunn et al., 2005, 2009; Hunley
et al., 2008), a tree of language families of Europe (Longobardi et al., 2015), and trees of
language families that constitute the proposed Eurasiatic macrofamily (Pagel et al., 2013; Jéger,
2015).

Bayesian clustering methods producing admixture plots that were originally developed
to estimate population structure based on genetic data, were also applied to linguistic data, to
infer the relationships within and between groups of languages where tree building methods
might prove inadequate. These methods were applied to languages of Sahul (Reesink et al.,
2009) and Tasmania (Bowern, 2012).

Currently, our ability to infer distant language relationships using a formal phylogenetic
analysis of linguistic data is limited (Gell-Mann et al., 2009). While many language families
based on comparative method are well-established, the proposed language macrofamilies,
based on “mass comparison” or “multilateral comparison” methods devised by Joseph H.
Greenberg (Greenberg, 1954), are all considered controversial. Greenberg’s classification of
the languages of Africa (Greenberg, 1963) was relatively well-received, but other linguistic
macrofamilies such as Eurasiatic/Nostratic (Bomhard & Kerns, 1994; Greenberg, 2000, 2002),
Indo-Pacific (Greenberg, 1971), and Amerind (Greenberg, 1987) are highly contentious (Jager,
2015).



4. Cultural phylogenetics

Following the work of Mace and Pagel (Mace & Pagel, 1994), some researchers have adopted
conceptual and methodological tools developed in evolutionary biology to investigate a diverse
range of topics of anthropology, from reconstructing ancient migrations to investigating how
human populations have adapted to their environments.

Within cultural phylogenetics, some researchers focus on proximate mechanisms
underlying cultural change in order to determine how tree-like cultural evolution is. This
research include both case studies (Guglielmino et al., 1995; Hewlett et al., 2002; Collard et al.,
2006) and simulation studies (Greenhill et al., 2009; Currie et al., 2010; Nunn et al., 2010).
Others examine how mode of transmission differ for various kinds of cultural traits
(Guglielmino et al., 1995; Hewlett et al., 2002) or how mode of cultural transmission depends
on socio-political settings (Tehrani & Collard, 2002). Others examine how different amounts
of horizontal transmission obscure cultural phylogenies (Greenhill et al., 2009; Currie et al.,
2010).

Among the multitude of studies that apply phylogenetic methods to languages, cultural
artifacts and other aspects of cultural variation, two subfields stand out in particular: “building
phylogenies” and “using phylogenies” (Mace & Holden, 2005; Mace & Jordan, 2011).

4.1 Building phylogenies

The first subfield — building phylogenies — applies methods of phylogenetic analysis to infer
historical relationships of languages, cultural artifacts or other cultural phenomena, e.g., oral
and musical traditions. The authors operate under the assumption that the observed similarities
among cultural traits are a function of common ancestry and that the artifacts’ “phenotypes”
are a result of a process of cultural selection upon them. Constructing genealogies of cultural
artifacts has a long tradition, beginning in the 19" century (Rivero, 2016; Duda, in press). This
approach has recently experienced its renaissance thanks to work of historical linguists, cultural
anthropologists and archeologists who adopted phylogenetic methods to investigate whether
cultural groups are related in a tree-like fashion and what are the relationships between them
(Mace et al., 2005; Lipo et al., 2006; Mendoza Straffon, 2016).

The tree building methods can help us reconcile the long-standing debates over the
relative importance of branching and blending processes (i.e., vertical and horizontal
transmission) in cultural macroevolution. It is possible to test how cultural datasets fit the
bifurcating tree model by quantifying the amount of homoplasy and synapomorphy in these
datasets using, e.g., consistency and retention index (Collard et al., 2006). Support for
individual nodes on the inferred tree can be tested using bootstrap or jackknife analysis in the
tree based on maximum parsimony analysis, or, in the case of Bayesian inference, by estimating
posterior probabilities of each node. Often, the data fit more than one tree equally, with
ambiguous relationships arising from parallel evolution or horizontal transmission (e.g., from
lexical borrowing). Networks, unlike trees, allow us represent more than one evolutionary
pathway in a single graph, by allowing branches to join as well as diverge. These techniques
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can detect and visualize conflicts in cultural datasets (e.g., NeighborNet; Tehrani, 2013) or the
instances of horizontal transmission (e.g., Galled networks; Willems et al., 2016).

The tree building methods allow us to investigate whether the branching pattern of the
culture-based tree reflects the history of the populations based on genes. Some studies have
used methods of tree building and tree comparison methods (e.g., tanglegrams; Duda & Zrzavy,
2016) to investigate coevolution of cultural traits or gene-culture coevolution as an analogy of
the host-parasite cospeciation (Riede, 2009). The direct comparison of genetic and linguistic
phylogenies is a useful way to investigate gene-culture coevolution on various geographic and
taxonomic scales (Hunley et al., 2007; Karafet et al., 2015; Duda & Zrzavy, 2016).

To date, tree building methods have been applied to a wide range of linguistic groups
(see “Phylogenies based on linguistic data”) and a wide range of cultural phenomena. The
cultural artifacts studied include arrowheads (Buchanan & Collard, 2007; O'Brien et al., 2014),
textiles (Tehrani & Collard, 2002; Buckley, 2012), basketry (Jordan & Shennan, 2003), pottery
(Cochrane & Lipo, 2010), architecture (Jordan & O'Neill, 2010), watercrafts (Rogers et al.,
2009), statues (Marwick, 2012; Tripp, 2016), storage containers (O’Neill et al., 2013), engraved
stone plaques (Rivero & O'Brien, 2014), cutlery (Riede, 2009), and archeobotanical
assemblages (Coward et al., 2008). Besides the languages, analyses of non-material culture
include folktales (Ross et al., 2013; Tehrani, 2013), music (Windram et al., 2008; Le Bomin et
al., 2016), and manuscript versions (Barbrook et al., 1998; Windram et al., 2008).

4.2 Using phylogenies

The second subfield — using phylogenies — applies methods of phylogenetic comparative
analysis to test hypotheses about adaptation through cross-cultural comparison and to
reconstruct evolutionary history of cultural phenomena. These studies use phylogenies either to
control for phylogenetic autocorrelation in cross-cultural analyses or to directly optimize
cultural evolution and adaptation to a phylogenetic tree.

As stated above, one cannot make valid inferences regarding adaptive evolution (both
biological and cultural) without controlling for shared ancestry. Efforts have been made to
reduce phylogenetic non-independence (Galton’s problem) in cross-cultural datasets, most
notably by creating the SCCS. Nonetheless, there is still serious non-independence among the
populations in the SCCS (Eff, 2004; Dow & Eff, 2008), leading to high false positive rates (type
| errors) in cross-cultural analyses. Phylogenetic comparative methods, e.g., phylogenetic
independent contrast (Felsenstein, 1985) or phylogenetic generalized least squares (Grafen,
1989), take the non-independence of populations into account. The distribution of cultural traits
that confer a selective advantage (e.g., farming) is likely to reflect both phylogeny and adaptive
pressures within a particular environment. The application of phylogenetic comparative
methods is all the more necessary as empirical studies show that adaptive cultural traits often
cover a strong phylogenetic signal, presumably because these traits are transmitted
predominantly from parents to offspring, ensuring it will have higher reproductive success
(Guglielmino et al., 1995; Hewlett et al., 2002).

Phylogenetic cross-cultural analyses published to date investigated the association
between cattle keeping and lactose digestion capacity in adults (Holden & Mace, 1997), the
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mode of subsistence and fertility (Sellen & Mace, 1997), sexual dimorphism in stature and
sexual division of labor in the world’s populations (Holden & Mace, 1999), reciprocity and
food sharing in human hunter-gatherers and non-human primates (Jaeggi & Gurven, 2013),
men’s social status and reproductive success in nonindustrial societies (von Rueden & Jaeggi,
2016), or various cultural and environmental traits and island deforestation in Austronesian-
speaking populations (Atkinson et al., 2016).

These phylogenetic cross-cultural analyses use phylogenies only to remove any
confounding effects of shared ancestry that may lurk behind any functional relationships
between traits (Pagel & Harvey, 1988). Only after removing or controlling for the effect of
phylogeny, the true functional association between traits can be uncovered. However, there are
methods that use phylogeny to investigate cultural evolution and adaptation without discarding
it first. Character states based on cross-cultural data are mapped onto the tree topology, and
their ancestral states and probable pattern of historical change along the branches of the tree are
inferred (using maximum-parsimony, maximum-likelihood, or Bayesian optimization). These
methods allow to test for correlated evolution in cultural traits, e.g., descent rules and
pastoralism in Bantu-speaking populations in sub-Saharan Africa (Holden & Mace, 2003),
marriage practices in Indo-European-speaking populations (Fortunato et al., 2006), or traits of
religion (e.g., belief in afterlife and shamanism) in hunter-gatherers (Peoples et al., 2016). These
methods avoid Galton’s problem because the units of analysis are not populations, but instances
of evolutionary change (Mace & Holden, 2005; Mace & Jordan, 2011).

These types of studies include investigating the coevolution of cattle-keeping and
descent rules (matrilineality and patrilineality) (Holden & Mace, 2003), descent rules and
residence rules (matrilocality and patrilocality) (Opie et al., 2014), and descent rules and kinship
terminology (Guillon & Mace, 2016) in Bantu-speaking populations, evolution of wealth
transactions at marriage (bridewealth and dowry) (Fortunato et al., 2006), evolution of marriage
practices (monogamy and polygyny) and post-marital residence rules (neo-, uxori-, and
virilocality) (Fortunato, 2011a, b), and evolutionary history of folktales (da Silva & Tehrani,
2016) in Indo-European speaking societies, or evolution of post-marital residence rules
(matrilocality and patrilocality) in Indo-European and Austronesian speaking societies (Jordan
et al., 2009; Fortunato & Jordan, 2010), evolution of socio-political complexity in Bantu and
Austronesian-speaking populations (Currie et al. 2010; Currie & Mace, 2011; Walker &
Hamilton, 2011), evolution of land tenure norms (Kushnick et al., 2014), and coevolution of
religious beliefs and socio-political complexity in Austronesian-speaking populations (Watts et
al., 2015), coevolution of conception beliefs (partible paternity) and post-marital residence rules
among indigenous societies of lowland South America (Walker et al., 2010), evolutionary
history of marriage practices (courtship and arranged marriages) in hunter-gatherer societies in
Africa, Eurasia and Oceania (Walker et al., 2011), and evolutionary history of religious beliefs
and practices in the global sample of hunter-gatherers (Peoples et al., 2016).

5. Phylogenies as a framework for studying evolution of culture

The largest global human population-level phylogenetic tree published to date (Pemberton et
al., 2013) is a neighbor-joining tree based on eight global and regional molecular datasets of
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autosomal STRs. It includes 267 human populations. This population sample is not sufficient,
considering there are approximately 7,100 human ethno-linguistic groups living in the world
today (Lewis et al., 2016). Notably, population sample used by Pemberton et al. (2013) includes
recently aggregated, mixed ancestry populations (e.g., African Americans and Latin American
Mestizos) while lacking populations that are essential for understanding human population
history on a global scale (e.g., southern South African Khoisans, Omotic speakers, Berber,
Vedda, Andamanese, Australian and Tasmanian Aboriginals, Malagasy, Ainu, populations of
East Siberia, Amerind speakers of North America, Na-Dene speakers) and those featured in
cross-cultural datasets (e.g., the SCCS). Large regions of the world are underrepresented or
entirely missing in the sample (South Africa, North Africa and Near East, Europe, North Asia,
Southeast Asia and Oceania, Australia, and North America).

Given the insufficient population samples and limited overlap between published
genetic trees and cross-cultural datasets, the utility of the published genetic trees for
investigating human population history and evolution of culture using phylogenetic
comparative methods is limited. Another problem is that genetic phylogenies are sometimes
poorly resolved, hampering the use of some of some phylogenetic comparative methods.

Unlike genetic phylogenies, linguistic phylogenies are comprehensive (up to 542
language varieties; Currie et al., 2013) and well resolved. Some cultural anthropologists believe
that linguistic phylogenies might be preferable to phylogenies based on genetic data as models
of human population history because languages track the inheritance of culture, and it is this
inheritance that is relevant to questions of human cultural evolution. Languages typically evolve
at a higher rate than genes, meaning that they can capture population diversification that occurs
at shorter time scales (Pagel, 2009; Grollemund et al., 2015). Some anthropologists also assume
that genetic phylogenies might be more easily obscured by genetic admixture than linguistic
phylogenies might be obscured by horizontal cultural transmission (i.e., linguistic borrowings
and language shifts) (Mace & Jordan, 2011).

The problem is, however, that most of the published linguistic phylogenies are
geographically and taxonomically restricted, covering just one language family each (see
“Phylogenies based on linguistic data”). The scope of phylogenetic comparative analyses and
the “depth” of the phylogenetic reconstructions of ancestral states are therefore limited (Heyer,
2012).

Another problem is the accuracy of linguistic phylogenies as model for population
history. The empirical studies show that evolutionary processes are generally more complex
than simple models of gene—language coevolution predicted, and linguistic boundaries do not
always function as barriers to gene flow (Steele & Kandler, 2010; Pakendorf, 2014). Moreover,
the language evolution is tree-like to different extent in different parts of the world (Gray et al.,
2010). Indeed, evolution of human languages is not identical to the evolution of peoples
themselves. For example, Central European Hungarians form a genetic continuum with the
neighboring Indo-European-speaking populations while speaking a Uralic (Finno-Ugric)
language related to the Khanty and Mansi languages spoken in the vicinity of the Ural
Mountains (Honkola et al., 2013; Longobardi et al., 2015). Genetic and linguistic data
sometimes imply different historical scenarios and reflect different time scales (Steele &
Kandler, 2010). This problem might affect results of the phylogenetic comparative analyses
that use language phylogenies as a framework to study evolution of culture.
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Consider the case of Central African pygmies, e.g., Aka pygmies of Congo and Central
African Republic. Aka, like most Central African pygmies, are forest-dwelling hunter-
gatherers. They speak Nigero-Congo (Northwest Bantu) languages (Lewis et al., 2016).
Linguistically, Aka are closely related to the neighboring Bantu-speaking farmers and by the
inference from linguistic phylogeny, their hunter-gatherer lifestyle and the associated cultural
traits would be interpreted as an independently derived adaptation. However, genetic evidence
strongly suggest that Aka, like other Western pygmies, are more closely related to Eastern
pygmies and to other hunter-gatherer groups of East and South Africa, and that they have
adopted Bantu languages relatively recently, following Bantu expansion some 3,000 years ago
(Tishkoff et al., 2009; Bahuchet, 2012; Duda, 2015; Duda & Zrzavy, 2016). The pygmies with
their unique hunter-gatherer lifestyle thus cannot be interpreted as evolving several times
independently from Bantu-speaking farmers as some theories have suggested (Blench, 1999).

“Negritos” of Philippines are another good example of recent language shift occurring
in a culturally distinct group. Watts et al. (2015) used phylogeny of Austronesian languages to
reconstruct coevolution of religion (belief in supernatural punishment and moral high gods) and
socio-political complexity and test for coevolution between them using phylogenetic tree of
Austronesian languages as a framework. This tree naturally includes Agta, the negritos of
Philippines, who speak Austronesian (Malayo-Polynesian) language. They are, however,
genetically more related to other negrito groups and to aboriginal Papuans and Australians
(Rasmussen et al., 2011; Pugach et al., 2013; Duda, 2016). Although negritos have
experienced extensive Asian-related admixture following Austronesian expansion (Abdulla et
al., 2009), they are descendants of an earlier, unrelated settlement wave and have adopted
Austronesian languages relatively recently (Reid, 2013). The Agta peoples’ belief in
supernatural punishment is shared with several negrito groups from the Philippines, Malaysia
and even Andaman Islands who speak unrelated languages (Blust, 2013). These beliefs likely
predate the origin of Austronesian language family. The belief in supernatural punishment in
Agta thus leads to the misinterpretation of the pattern of cultural evolution (what has been
interpreted as an independent gain of cultural trait was in fact a language shift).

6. Supertree approach

Numerous genetic and linguistic phylogenetic trees of human populations were published but
little attention has been paid to formal phylogenetic synthesis. Given the current state of the
field, a possible strategy is to focus on published (“source”) trees, adopting the “supertree
approach” (or “taxonomic congruence approach”; Pisani & Wilkinson, 2002). Supertree
methods are a part of a toolkit of phylogenetic comparative methods (Bininda-Emonds, 2014).
The principle of all supertree methods is combine many smaller, even if only partially
overlapping source trees to create a single, more comprehensive supertree (Bininda-Emonds,
2004). Supertrees can summarize relationship patterns from multiple independent tree
topologies based on different kinds of character data (e.g., genetic and linguistic data) and
obtained using different phylogenetic methods (e.g., distance-based and character-based) that
can otherwise not be combined. The important feature of a supertree approach is its ability to
evaluate pieces of competing evidence to identify topological conflicts caused by incongruence
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of data partitions or by data deficiency. Supertree methods are excellent tools for summarizing
the existing phylogenetic hypotheses, based on different types of data, in a form of “synthetic
consensus” phylogeny (Ruta et al., 2007). They have been used to provide some of the largest,
most comprehensive phylogenies for diverse extant and extinct groups at various taxonomic
levels, e.g., for mammalian species (Bininda-Emonds et al., 2007), dinosaur genera (Pisani et
al., 2002) or hexapod orders (Davis et al., 2010). Supertrees have also been used to address
various questions concerning evolution and adaptation, including reconstructing ancestral
character states (Espinoza et al., 2004), detecting character coevolution on phylogenies (Lukas
& Clutton-Brock, 2012), quantifying evolutionary rate (Clarke et al., 2016), detecting
diversification rate shifts (Stadler, 2011; Bronzati et al., 2015), or predicting extinction risk
(Cardillo et al., 2008).

The first method of supertree construction devised was the “matrix representation with
parsimony” (MRP) method (Baum, 1992; Ragan, 1992). Numerous supertree methods have
been developed over the years (e.g., Matrix Representation with Compatibility, Matrix
Representation with Flipping, Average consensus Supertree, Strict Consensus Merger, MinCut
Supertree, MinFlip Supertree, PhySIC_IST, Robinson—Foulds Supertree, Subtree Prune and
Regraft Supertree, MultiLevel Supertree, Quartet Supertree, SuperFine+MRP, and
SuperFine+MRL, or PhySIC and PhySIC_IST) but the MRP remains by far the most commonly
used method of supertree construction (Bininda-Emonds, 2014). In MRP, each source tree is
converted into a matrix of additive binary characters. After standardization of taxonomic
nomenclature and taxonomic level across the source trees, the matrices are merged (completely
or partially, depending on the degree of taxon overlap), and processed using an optimality
criterion of maximum parsimony. The resulting most parsimonious tree(s) are presented in a
form of strict or semi-strict consensus trees. MRP is the most tractable approach for medium to
large data sets (Cotton et al., 2006). Experimental studies evaluating MRP in comparison with
other supertree methods have established that for large datasets MRP generally produces trees
of equal or greater accuracy than other methods (Buerki et al., 2011; Nguyen et al., 2012).

7. Aims and scope of the thesis

A robust phylogenetic tree of human populations is a necessary prerequisite for such
investigations. Today, no unified picture of human population history is available, as studies
that infer human population history have used different types (and conceptual classes) of
genetic and linguistic markers. The available phylogenetic trees of human populations capture
only a snapshot of human ethnic diversity, and the overlap between these trees and cross-
cultural datasets is limited. For these reasons, phylogenetic cross-cultural analyses and
phylogenetic comparative studies of cultural evolution have been limited to small samples of
populations for which genetic data were available (Walker et al., 2011; Jaeggi & Gurven, 2013),
or to language families such as Bantu, Indo-European, and Austronesian, with well-resolved
phylogenies based on lexical data (Holden & Mace, 2003; Fortunato et al., 2006; Jordan et al.,
2009).

Linguistic data seems to be unable to provide a global tree of human populations due to
a limited timescale over which linguistic inference is possible (Gray, 2005; Pagel, 2009). On
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the other hand, genetic phylogenies, although global, might be unsuitable for studies of cultural
evolution, as the population history they inform of might be older than the cultural traits under
investigation (Grollemund et al., 2015). A supertree incorporating all temporal “strata” of
human evolution is necessary to elevate the studies of cultural evolution to a global level (Duda
& Zrzavy, 2016).

The ultimate goal of this effort is to “put pre-history back into anthropology” (Mace &
Jordan, 2011). We can now approach the theories of evolutionist anthropologists once again,
this time as testable hypothesis. We can indeed test whether culture, “race”, and language are
wholly independent or whether there is a congruence between genetic and cultural history of
populations (Duda & Zrzavy, 2016). We can test whether culture evolves in a tree-like fashion,
and whether this applies to a broad range of cultural traits, different environments, and different
socio-political settings (Tehrani & Collard, 2002; Collard et al., 2006; Bowern et al., 2011,
Rivero & O'Brien, 2014). We can also test whether society progressed from “savagery to
civilization”, i.e., from less complex to more complex forms of socio-political organization, at
least in some regions of the World (Currie & Mace, 2011; Walker & Hamilton, 2011), or
whether the religion evolved from animism to theism (Peoples et al., 2016). Within the
phylogenetic framework, it is possible to ask — and sometimes answer — many of the old
questions explicitly and with a new level of precision.

In Chapter 1 we inferred a composite phylogeny of human populations using the MRP
supertree method. The supertree is based on 257 genetic, as well as linguistic, phylogenetic
trees and 44 admixture plots from 200 published studies (1990-2014). The resulting tree
topology is dominated by genetic data and includes the most basal position of South African
Khoisan followed by Central African pygmies and by a paraphyletic section of all other sub-
Saharan African peoples. The sub-Saharan Africans are basal to the monophyletic superclade
consisting of the North African—West Eurasian assemblage and the consistently monophyletic
Eastern clade (Sahul-Oceanian, East Asian, and Beringian—American peoples). We
investigated robustness of the inferred supertree topology using a set of different analysis
parameters. The overall topology of the supertree is surprisingly stable and well-resolved. We
identified areas of topological instability and individual unstable taxa. In order to investigate
gene-language coevolution on a global scale and to test for monophyly of the proposed
linguistic groupings (language families and macrofamilies), we optimized linguistic data onto
the topology of the supertree and used these data to constrain the topology of the supertree.
Linguistic data fit rather poorly on the genetic supertree topology, supporting a view that direct
coevolution between genes and languages is far from universal. Most of the controversial
language macro-families were not supported by the supertree topology.

In Chapter Il we used time-calibrated supertree in combination with the ethnographic record
to reconstruct evolution of religious beliefs and behaviors in early modern humans. We used a
global sample of hunter-gatherers and seven traits describing their religiosity: animism, belief
in an afterlife, shamanism, ancestor worship, high gods, and worship of ancestors or high gods
who are active in human affairs. We reconstructed ancestral character states and tested for
correlated evolution between the characters and for the direction of cultural change. Our results
indicated that the oldest trait of religion, present in the most recent common ancestor of present-
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day hunter-gatherers, was animism, in agreement with long-standing beliefs about the
fundamental role of this trait. Belief in an afterlife emerged later, followed by shamanism and
ancestor worship. Ancestor spirits or high gods who are active in human affairs were absent in
early humans, indicating a deep history for the egalitarian nature of hunter-gatherer societies.
There is a significant positive relationship between most characters investigated, but the trait
“high gods” stands apart, suggesting that belief in a single creator deity can emerge in a society
regardless of other aspects of its religion.

Chapter 111 describes evolutionary history of Central African pygmies. Pygmies are
remarkable for their basal position on phylogenetic tree of human populations and for their
hunter-gatherer lifestyle and the associated morphological, life-history, and cultural
adaptations. This chapter discusses phylogenetic relationships of Central African pygmies to
other populations living in sub-Saharan Africa based on genetic and linguistic evidence. It
describes the effect of Bantu expansion on genetic and linguistic diversity of these hunter-
gatherer groups. It also highlights cultural links between groups of pygmies in Central Africa
who speak unrelated languages and between pygmies and other hunter-gatherer groups living
in South and East Africa. The chapter briefly discusses evolutionary history of short-statured
populations living in Southeast Asia (Andaman Islands, Malaysia, and the Philippines) and the
controversies surrounding Homo floresiensis, a human species remarkable for its small body
size and small cranial capacity, discovered in 2003 at Liang Bua cave in Flores (Indonesia).
Current hypotheses about the evolution of the pygmy phenotype are briefly discussed.

Chapter 1V discusses phylogenetic approaches to linguistic and cultural evolution and how
can these approaches facilitate our understanding of human prehistory and evolution of cultural
adaptations. Cultural phylogenetics is a scientific discipline that studies human culture using
phylogenetic methods developed by evolutionary biology to reconstruct phylogenetic
relationships between species or populations of organisms and to test hypotheses about
evolution of biological traits. When applied to human culture, these methods can help us answer
some of the fundamental questions of historical linguistics, cultural anthropology and
archeology. They can reconstruct ancient human migrations, pinpoint the age of cultural
phenomena, or test hypothesis about evolution of cultural traits. This chapter describe the
beginnings of “tree thinking” in biological and social sciences and parallel developments in
evolutionary biology and historical linguistics, cultural anthropology and archeology during the
19" and 20" century. It compares the processes of biological and cultural evolution and
discusses the methods that can assess how tree-like is cultural evolution. It describes how
phylogenetic methods can be applied to material and non-material culture, especially the
language, and how phylogenies of human populations can be used to test hypotheses about
cultural history and diversification and cultural adaptation, using phylogenetic comparative
methods.
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Over the past two decades numerous new trees of modern human populations have been published
. extensively but little attention has been paid to formal phylogenetic synthesis. We utilized the “*matrix
Accepted: 23June 2016 : representation with parsimony” (MRP) method to infer a composite phylogeny (supertree) of modern
Published: 19 July 2016 : human populations, based on 257 genetic/genomic, as well as linguistic, phylogenetic trees and 44

. admixture plots from 200 published studies (1990-2014). The resulting supertree topology includes

. the most basal position of S African Khoisan followed by C African Pygmies, and the paraphyletic

: section of all other sub-Saharan peoples. The sub-Saharan African section is basal to the monophyletic
clade consisting of the N African—W Eurasian assemblage and the consistently monophyletic Eastern
superclade (Sahul-Oceanian, E Asian, and Beringian-American peoples). This topology, dominated
by genetic data, is well-resolved and robust to parameter set changes, with a few unstable areas (e.g.,
West Eurasia, Sahul-Melanesia) reflecting the existing phylogenetic controversies. A few populations
were identified as highly unstable “wildcard taxa” (e.g. Andamanese, Malagasy). The linguistic
classification fits rather poorly on the supertree topology, supporting a view that direct coevolution
between genes and languages is far from universal.

Received: 16 March 2016

Evolutionary history of modern human populations is an extensively studied topic of great complexity. Human
population history is certainly not purely phylogenetic, or tree-like', as genetic admixture, mediated by processes
such as migrations, expansions, intermarriage, trade, or slavery, have played an important role in shaping human
history® There is, however, a strong hierarchical signal that can be hypothesized as phylogeny in both genetic**
and cultural (especially linguistic) data>®. It is worth noting that even using such terms as “genetic admixture” and
“horizontal gene flow” implies an assumption of an underlying tree-like model”. Recently developed phylogenetic
methods applied to both genetic®® and linguistic data' allow us to visualize evolutionary history of populations
using a bifurcating tree with horizontal links (“admixture edges”), accounting for both population splits and
mixtures.

Today, no unified picture of modern human evolution based on genetic data is available, as studies that
infer human population history have used different types of genetic markers, from “classical polymorphisms”
(such as ABO blood groups and protein allomorphisms) and uniparental markers (the mitochondrial DNA and
the non-recombining portion of the Y chromosome) to genome-wide allele frequency data and data based on
whole-genome sequencing'!. Moreover, individual studies only partially overlap taxonomically. Even the largest
published tree (267 populations) based on genome-wide data'? lacks several population groups important for a
comprehensive description of human population history on a global scale (e.g., populations of N Africa, Anatolia,
Balkans, E Europe, Indonesia, N Asia, Beringia, and N America). A recent meta-analysis of human genomic
diversity projects' has also pointed to the lack of several key population groups (e.g., Hadza, Sandawe, Fulani,
Chadic speakers, Australian Aboriginals, populations of Indonesia, Polynesia, and Northern America).

The language phylogenies published to date include up to 542 language varieties'* but usually cover just one
language family each (mostly Bantu, Indo-European, or Austronesian). Formal attempts to reconstruct genealog-
ical relationships between languages beyond the level of the families have been rare so far'>'¢, and nearly all of the
proposed linguistic macrofamilies such as Eurasiatic/Nostratic'’-'%, Indo-Pacific?’, and Amerind?' are considered
controversial'®.

Although a large body of comparative data currently exists for a phylogenetic synthesis, integration of all
kinds of raw data using a “supermatrix approach” (or “total evidence approach”?) remains unfeasible for the
human population, particularly due to the distance-based (instead of character-based) nature of some source data
and lack of widely overlapping datasets. In light of these problems, a possible strategy is to focus on published
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2Center for Theoretical Study, Charles University and Academy of Sciences of the Czech Republic, Prague, Czech
Republic. Correspondence and requests for materials should be addressed to P.D. (email: dudapa01@.gmail.com)
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(“source”) trees, adopting the “supertree approach” (or “taxonomic congruence approach”). The primary appli-
cation of supertrees is to summarize existing phylogenetic hypotheses in a form of a synthetic consensus which
can be used to identify and evaluate topological conflicts caused by incongruent or missing data?®. In the “matrix
representation with parsimony” (MRP) method*%, each source tree is converted into a matrix of additive binary
characters; the individual matrices are eventually merged into a single character matrix which is then analyzed by
the maximum parsimony (MP) method to obtain a composite phylogeny. The resulting supertree is analogous to
a consensus tree when the source trees have different sets of taxa®*.
The aims of this study are:

(1) to provide a well corroborated phylogenetic hypothesis on human population group-level relationships,
based on both genetic and linguistic data;

(2) to assess for the first time the utility of admixture plots, produced by STRUCTURE, FRAPPE, and ADMIX-
TURE software, as sources of hierarchical information during the supertree construction;

(3) to assess the stability of the inferred supertree topology and to identify populations whose phylogenetic posi-
tion is particularly unstable;

(4) to compare the topologies based on genetic and linguistic data, and evaluate their relative influence on the
supertree topology; and

(5) to test for congruence between proposed linguistic groupings (language families and macrofamilies) and
supertree topology and to infer the relationships between language families by constraining the supertree
topology with linguistic classification.

Results and Discussion

Supertree construction. Altogether 257 source trees (obtained by using both distance-based and charac-
ter-based methods) and 44 admixture plots from 200 published studies (1990-2014) contributed to the resulting
supertree dataset. They included trees based on genomic data, including both genome-wide allele frequency
data and whole-genome sequences (51 trees from 33 studies), genetic trees based on autosomal data (26, 19),
Y-chromosomal data (9, 9), mtDNA (25, 20), human leukocyte antigen (HLA) system (75, 57), “classical poly-
morphisms” (27, 8), language trees based on lexical or structural data (44, 33), admixture plots based on genomic
data (43, 36), and one admixture plot based on linguistic structural data.

The resulting supertree dataset (unpublished) included 973 populations and 5 great apes or archaic homi-
nins that featured in the source trees (see Supplementary methods). Two datasets were then created based on
restricted samples of this dataset. The first dataset consisted of 186 populations and included all world regions and
major linguistic groups that are reasonably well represented throughout the source trees (“representative dataset”
hereafter) (Supplementary Table S2). The second dataset consisted of 52 populations from the Human Genome
Diversity Project (HGDP) panel® that are best represented throughout the source trees, plus three additional pop-
ulations to represent Australia, Micronesia and Polynesia (“HGDP dataset” hereinafter).

To investigate robustness of the inferred supertree topology, we used a method inspired by the “sensitivity
analysis” of Wheeler?. The analysis was carried out by successively reweighting and rerooting the data partitions,
adjusting an effect of different data partitions on the resulting supertree topology. In this study, a sensitivity anal-
ysis has been used for the first time for supertree inference. We used 16 sets of parameters for both representative
and HGDP samples, based on combinations of four weighting and four rooting schemes (see Methods).

Sixteen sets of the most parsimonious (MP) trees, recovered in a sensitivity analysis of the representative
dataset, were analyzed using the IterPCR method*®? in order to identify unstable (“wildcard”*’) taxa which cause
large polytomies in the supertree, hampering the interpretation of phylogenetic results (see Methods). Four wild-
cards that decreased resolution of the supertree by five or more nodes (see below) were excluded from the dataset,
and the pruned version of the representative dataset (182 populations) was used for subsequent analyses.

Supertree topologies and topological stability. ~ Given the expected conflict across different types of data,
the resulting supertree topologies based on the representative dataset (Fig. la—d and Supplementary Figs S1-S16)
were surprisingly well-resolved (Supplementary Table S3).The parameter set 1.A maximizes congruence between
data partitions, providing the shortest supertree with the highest CI and RI values (Supplementary Table S3).
The resulting supertree topologies are, overall, robust to parameter set changes. Similarity of the resulting super-
trees measured by subtree prune and regraft (SPR) distances is 99-74% (Supplementary Table S4a,b). The contri-
bution of admixture plots to the resulting supertree topology was relatively small. The topology of the combined
supertree based on parameter set 1.A, where the effect of admixture plots was maximized, was 85% similar to
the parameter set 2.B where the effect of admixture plots was minimized while all other data partitions played
an equal role (Supplementary Table S4a,b; Supplementary Figs S1 and S6). The admixture plots alone provided
a more symmetrical topology with three superclades: the basal African, followed by the N African-W Eurasian,
and the Eastern superclade (Supplementary Fig. S19). However, the hierarchical clustering of populations in
admixture plots is not always comparable to the order of branching events in human population history. The
early divergence of some populations (e.g., Hadza, Dogon, Basque, and Tibetan) implied by the admixture plots
could reflect isolation and random genetic drift rather than early divergence. Some relationships probably reflect
relatively recent admixture (e.g., Bantu populations of S Africa*).

In all 16 topologies provided by the representative dataset (Fig. 1 and Supplementary Figs S1-S16)
sub-Saharan Africa is located nearest to the root of the tree, followed by N Africa, the Near East, Europe, S and
C Asia, Oceania, E Asia and America. The general branching order is largely consistent with the previously pub-
lished global human population-level phylogenies, despite major differences in sampling and phylogenetic infer-
ence methods used>*123!. All 16 topologies based on representative dataset agreed upon the most basal position
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Figure 1. (a) Semistrict consensus supertree of 186 human populations (outgroups not shown) based on the
representative dataset and parameter set 1.A of the sensitivity analysis (all data partitions were weighted equally

and all sources were considered rooted). SOUTH BANTU = Ndebele + Swati + Xhosa + Zulu (often occurred

as a composite population in the source trees); AUSTRALIAN consists of Australian Aboriginal populations of
unspecified ethnic origin. The color code corresponds to the recovered monophyletic or paraphyletic groups of
populations. The wildcard taxa (Qatari, Andamanese, Malagasy, Dayak Ngaju) are displayed (in gray) in the most
basal of all positions they acquired when included into the dataset, but were not taken into account when assessing
node and group support. The circles indicate presence of the nodes in the strict (white) and semistrict (gray)
consensus of 16 supertrees derived from the sensitivity analysis (a circle is absent if the respective node is absent even
in the semistrict consensus). The analysis space plots (square grids) describe presence of the selected clades/groups
in the supertree under individual parameter sets as either: a monophyletic clade (white); a paraphyletic group or an
unresolved section compatible with monophyly or paraphyly (gray); a polyphyletic assemblage (black). Completely
white grids (=the group present under all parameter sets) are substituted by small white squares. (b, ¢) Alternative
topology for the N African-W Eurasian assemblage and the Sahul-Oceanian clade as recovered in parameter set
2.C. (d) Alternative topology for the E Asia clade as recovered in parameter sets 4.A-4.D. The nodes where the
alternative topologies (b, ¢, d) begin in the supertree 1.A (a) are denoted by asterisks. (e) Geographic locations of 186
human populations plotted on the world map using QGIS v.2.8 (the color code corresponds to the trees).
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Figure 2. (a) Semistrict consensus supertree of 55 human populations based on HGDP dataset and parameter
set 1.A of the sensitivity analysis. Populations were renamed to correspond to those used in the HGDP panel.
BANTU = Kikuyu; POLYNESIAN = Samoan + Maori; MICRONESIAN = Kosraean; MELANESIAN = Naasioi;
PAPUAN = Goroka; COLOMBIAN = Piapoco + Curripaco. The color code corresponds to Fig. 1. (b) Frequency-
differences consensus of 14 supertrees based on parameter sets 1.B-4.C of the sensitivity analysis. (c) Semistrict
consensus supertree based on parameter set 4.D of the sensitivity analysis. The geographic color code corresponds
to Fig. 1.

of S African Khoisan followed by C African Pygmies, and the clade consisting of Fulani Afro-Asiatic (Cushitic)
speaking populations as a sister group to Niger-Congo speaking populations (including Bantu). The next par-
aphyletic section of the supertree included Niger-Congo (Bantu), Nilo-Saharan, and Afro-Asiatic (Cushitic,
Omotic, and Semitic) peoples and the click-speaking Hadza and Sandawe hunter-gatherers of E Africa, The clus-
tering of Chadic speaking populations of C Africa with Niger-Congo speaking populations of this region rather
than with Afro-Asiatic speaking populations of E Africa was consistent with the previously published genomic
trees®*. So was the position of Hadza and Sandawe within the ethno-linguistically heterogeneous E African sec-
tion of the supertree®!2. This section was basal to the monophyletic clade including N African and Eurasian peo-
ples. The latter consisted of the largely unresolved N African-W Eurasian assemblage (N African, Near Eastern,
European, and S Asian peoples) and the consistently monophyletic Eastern superclade (Sahul-Oceanian, E Asian,
and Beringian-American peoples). The most remarkable differences between individual topologies derived from
different parameter sets concerned W Eurasia, Mainland and Island SE Asia and Oceania, and E Asia. In the N
African-W Eurasian assemblage, there are highly unstable relationships among its constituent sections (N Africa,
Near East, Europe, and S Asia), most of which tend to be para- or even polyphyletic (Fig. 1a,b). In Mainland
and Island SE Asia and Oceania, different parameter sets imply a different source of the expansion into the area
(either from Taiwan or from Malay Peninsula) and a varying degree of admixture of Austronesians with Sahul-
Melanesian peoples (Fig. 1a,c). In E Asia, there is an unstable relationship between populations of E and SE Asia
and a highly unstable position of some Siberian peoples (Evenki, Ket, Yukaghir) who were either recovered at the
basal position within the E Asian clade or within the Beringian-American clade (Fig. 1d).

Sensitivity analysis of the HGDP dataset produced three distinct topologies (Fig. 2). They were, for the most
part, congruent with the supertrees based on the representative dataset, although they included a few clades that
were not recovered in the representative-dataset supertrees. The topology recovered under parameter set 1.A
(Fig. 2a), was the most symmetrical and included monophyletic superclades as follows: sub-Saharan African (with
Khoisan-Pygmy and Bantu-E African subclades), N African-W Eurasian (with S Asian, N African-Near Eastern
and European subclades), and Eastern (with Sahul-Oceanian, American, and E Asian subclades). The topologies
recovered under parameter sets 2.A-4.C (Fig. 2b) were fully compatible with the representative-dataset super-
trees, and in agreement with other studies using similar population samples®*!, regardless of the tree-building
techniques used. In the topology recovered under parameter set 4.D (Fig. 2c), the “Oceania” clade situated in the
base of the Eastern superclade in most supertrees, was recovered as polyphyletic. The Sahul-Melanesian subclade
remained basal to the rest of the Eastern superclade, while the Micronesian-Polynesian (“Remote Oceanian”)
subclade was deeply nested within the E Asian populations.

The most important point of conflict among the alternative supertree topologies thus concerned the position
of Sahul-Melanesian and Micronesian-Polynesian peoples. Phylogenetic affinities of Sahul-Melanesian peoples
varied greatly between the source trees. While in multiple studies, Sahul-Melanesia was placed basally, often as
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a sister-group to E Eurasia as a whole>*'2, in others they were nested deeply within SE Asia*'-3. These topolog-
ical conflicts reflect the complex population history of Island SE Asia, from early “out-of-Africa” migration via
the “southern route”** through later interactions with Mainland SE Asia®*® up to the putative “express-train”
migration of the Austronesian speakers from Taiwan via the Philippines, Greater and Lesser Sunda Islands, and
Melanesia to Micronesia and Polynesia®**-*. The phylogenetic placement of Sahul-Melanesia is further compli-
cated by possible gene flow from India to Australia around the mid-Holocene®.

The supertree topology is notably pectinante in agreement with the previously published global human
population-level phylogenies®!'?*!. There were just a few apparent major radiations, namely, Bantu and related
sub-Saharan populations (Fig. 1a), European or W Eurasian (Fig. 1a,b), SE Asian-Oceanian (with or without the
Sahul-Melanesian peoples) (Fig. 1a,c), E Asian (Fig. 1a,d), and Beringian-American. Individual small clades or
even individual terminal taxa tended to branch off from the major migration route in E Africa, Near East, and S
Asia. This topology is consistent with a serial founder effect model, which suggested that human populations have
remained in the locations they first colonized after the out-of-Africa expansion, exchanging migrants only at a
low rate with their immediate neighbors, until the long-range migrations began to happen.

Wildcard taxa. Twenty-four populations, either terminal taxa or small clades, were identified as wildcards
in topologies recovered under one or more parameter sets of the sensitivity analysis (Supplementary Table S5).
The populations responsible for the greatest loss of resolution (5 nodes or more) throughout the sensitivity anal-
yses were Andamanese (a wildcard taxon in 14 parameter sets, decreasing resolution by 1-21 nodes; see below),
Malagasy (12: 3-23; see below), Dayak Ngaju (2: 1 and 10; identified as either Island or Mainland SE Asians), and
Qatari (2: 21; highly unstable position within N African-W Eurasian section of the supertree).

The unstable position of some populations provides clues about conflicts within the dataset, which reflects
either the paucity of data or complex population history of the peoples in question. For example, the unstable
position of Malagasy reflects a relatively recent (ca. 1,200 ya) migration of Austronesian-speaking people across
the Indian Ocean, followed by admixture with E Africans. While linguistic evidence places Malagasy language
within Barito group of W Malayo-Polynesian (Austronesian) languages®®, Malagasy population exhibit genetic
affinities to both SE Asian and E African populations*.

The case of Andaman Islanders is much more complicated. They were recovered either as Sahul-Melanesians
or S Asians, or at the base of E Asia under different parameter sets (Supplementary Figs S17 and S18). Position
of Andamanese within the Sahul-Melanesian clade is based on the analysis of structural features of language
using a Bayesian clustering algorithm®. Initial genetic studies suggested that Andamanese are descendants of an
early “out-of-Africa” migration®!, while later studies proposed a more recent S or E Indian origin*2. Recent stud-
ies agree that Andamanese represent an isolated, relatively basal lineage, with possible genetic affinities to both
Sahul-Melanesia and S Asia®**. The relatedness of Andamanese to Sahul-Melanesians, particularly the Papuans,
has recently been substantiated also by genomic data®>#4,

Assessment of gene—language coevolution. The question of coevolution of genes and languages is
considered fundamental but rarely studied by formal phylogenetic methods. Although the genetic and linguistic
evolution may often be correlated, the assumption of direct coevolution between genes and languages is evidently
misleading®. Evolutionary processes shaping genetic diversity are not directly analogous to those shaping linguis-
tic diversity*® and, consequently, genetic and linguistic data often imply different historical scenarios®.

The supertree dataset included 45 linguistic source trees and one linguistic admixture plot from 34 studies
(compared to 213 genetic/genomic source trees and 43 genomic admixture plots from 170 studies). The 535
(~9%) parsimoniously informative characters based on these sources contributed only marginally to the result-
ing supertree topology (Supplementary Fig. 21). In fact, only a few language families have so far been analyzed
phylogenetically, and hence numerous areas of the supertree included no linguistic data at all. Only a few small
clades were supported by linguistic characters. The supertree topology was, in general, dominated by the genetic/
genomic data.

In order to test for monophyly of the proposed linguistic macrofamilies we created two datasets based on
formal linguistic classifications (Supplementary Table S6) to be both optimized on, and to constrain, the topol-
ogy of the supertree based on the representative dataset. The first dataset was based on linguistic classification
in Ethnologue®® on the level of language families (“Ethnologue” hereinafter). The second dataset (“Greenberg-
Ruhlen” hereinafter) included additional characters based on linguistic classification by Ruhlen* on the level of
linguistic macrofamilies, and by Greenberg & Ruhlen®® on the level of linguistic stocks within the Amerind mac-
rofamily. The hunter—gatherer populations, who speak the languages of neighboring agriculturalist or pastoralist
groups as a result of a relatively recent language shift (C African Pygmies, “Negritos” of Malaysia and Philippines)
were not scored for linguistic characters (see Methods).

Optimization of the datasets based on linguistic classification on the representative-dataset supertree showed
rather poor fit of the classification on the supertree topology (Ethnologue and Greenberg-Ruhlen datasets’
CI's were 0.27 and 0.25, respectively, for the purely genetic, and 0.31 and 0.28, respectively, for the combined
supertree). Within Ethnologue dataset, the best fitting language families were Austronesian, S African Khoisan,
Afro-Asiatic (especially Semitic languages), and Indo-European (Supplementary Table S7a). Within Greenberg-
Ruhlen dataset, the macrofamily which is by far the most consistent with the supertree topology is Amerind,
followed by Austric (and its constituent language families Austronesian and Austroasiatic), Afro-Asiatic,
Khoisan, and Indo-Hittite. We do not consider the good fit of Amerind on the supertree topology as support
for the Amerind hypothesis*, but rather a consequence of geographic and genetic coherence of the presuma-
bly Amerind-speaking populations. The linguistic stocks within the Amerind macrofamily are not consistent
with the supertree topology (Supplementary Table S7b). The other controversial linguistic macrofamilies, such
as Eurasiatic/Nostratic, Macro-Altaic, Dene-Yeniseian, and Dene-Caucasian, fitted poorly on the supertree
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Figure 3. The supertree constrained by Ethnologue classification. White circles indicate topological
constraints. Grey circles indicate an unconstrained taxon or clade (usually a language isolate) recovered within a
constrained one. The geographic color code corresponds to Fig. 1.

topology. The poor fit of Macro-Altaic and the families that constitutes it (especially the Turkic) is in agreement
with the fact that there is only a weak unifying genetic signal for the Turkic-speaking populations across Eurasia®'.
The expansion of Turkic languages has probably been largely mediated by language replacements rather than
demic expansion.

The supertrees constrained by Ethnologue (Fig. 3) and Greenberg-Ruhlen datasets (Supplementary Fig. $22)
summarized relationships between groups of populations speaking related languages based on genetic data
(congruence between the purely genetic supertree and the supertree constrained by the Greenberg-Ruhlen dataset
is illustrated by a tanglegram and by “anticonsensus” trees; Supplementary Figs S22-S24). The Ethnologue dataset
included only those language families that are relatively non-controversial, and the supertree constrained
by Ethnologue classification (Fig. 3) is in many respects similar to the combined supertree, although it is
more symmetrical. Importantly, it includes several monophyletic clades that are not based on the linguistic
topological constraint used. In sub-Saharan Africa, there is a clade including peoples speaking S African
Khoisan, Niger-Congo, and Chadic languages. There is also a large clade including peoples speaking Afro-Asiatic
(excl. Chadic), Dravidian, Uralic, and Indo-European languages, a group roughly coextensive with the
hypothesized Eurasiatic/Nostratic macrofamilies'’~'%; however, the Altaic, Chukotko-Kamchatkan and
Eskimo-Aleut-speaking peoples (that have been hypothesized to belong to the Eurasiatic/Nostratic macrofamily
as well) are not closely related genetically. The relationships between individual language families of the hypothe-
sized Eurasiatic macrofamily'”'® (i.e., Dravidian, Kartvelian, Indo-European, Uralic, Altaic, Chukchi-Kamchatkan
and Eskimo-Aleut) are largely consistent with those inferred in by Pagel et al.'®. There is, however, no support for
monophyly of the hypothesized Eurasiatic languages as a whole (Supplementary Table S7c and Supplementary
Fig. S$22a). Another large clade includes Altaic, Austric (excl. Austronesian), and Sino-Tibetan languages, together
with Korean-Japanese and Ainu. Whereas Ainu was considered related either to Eurasiatic!”'®4 or Austric!®
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macrofamily, Korean and Japanese were seen as distant relatives of Altaic languages®. On the contrary, the close
relationships between Korean-Japanese—Ainu and Sino-Tibetan peoples have no linguistic basis. The clade which
includes Australian, Papuan, Melanesian, and Andamanese populations is somewhat reminiscent of the con-
troversial Indo-Pacific macrofamily?’. The Na-Dene, Eskimo-Aleut, and Chukotko-Kamchatkan populations
are closely related to Amerind, a connection that has no linguistic basis. Within America, there is a conspicu-
ous basal placement of populations of the Southern Cone (Andean languages according to Greenbeg—Ruhlen;
Supplementary Fig. S22b), which could be indicative of an early western route used during the initial colonization
of Americas.

The hunter-gatherer groups that were deliberately not scored for linguistic characters were recovered out-
side of the clades they belong to based on their linguistic affiliation. C African Pygmies were recovered as a
sister group to S African Khoisan (or within the Khoisan family in the supertree constrained by the Greenberg-
Rubhlen classification; Supplementary Fig. S22a), providing evidence for shared ancestry among these geograph-
ically diverse groups of hunter-gatherers*. E African Hadza (but not Sandawe) were recovered at a basal position
within Africa just above the S African Khoisans and C African Pygmies. “Negritos” of Malaysia were placed as
a sister group to the whole Eastern superclade, and “Negritos” of Philippines were recovered as a sister group to
Austronesian language family (or within the clade including languages of Australia and Indo-Pacific languages in
the supertree constrained by the Greenberg-Ruhlen classification; Supplementary Fig. S22a), providing evidence
for the hypothesis that the “Negrito” populations represent the descendants of the early migration into the area®,
with lasting genetic affinities to Sahul-Melanesia® 444,

Interestingly, when the supertree topology was constrained to include linguistic-compatible clades, as if the
language families were indeed monophyletic, it tended to form more inclusive clades, which are more or less com-
patible with the proposed linguistic macrofamilies (Eurasiatic/Nostratic, Indo-Pacific, and especially Amerind). It
is possible that the “macrofamilies” are consistent genetically and geographically rather than linguistically; how-
ever, the possibility that historical linguistics is able to reconstruct the most basal relationships between modern
human populations should be re-assessed critically®.

The supertree can provide a robust framework for studies concerning evolution of culture®?. Such a frame-
work is needed because most cross-cultural comparative studies published to date used language phylogenies®”.
Although language phylogenies provide an excellent proxy for population histories in some regions (e.g., Remote
Oceania), this is not universally the case*>*. Linguistic data seems to be unable to provide a global tree of human
populations due to a limited timescale over which linguistic inference is possible®. On the other hand, genetic
phylogenies, although global, could be unsuitable for studies of cultural evolution, as the population history they
inform of can be older than the cultural traits under investigation. A time-calibrated supertree, incorporating
all time “strata” of human evolution (and informed by ancient DNA), is needed to elevate the studies of cultural
evolution to a global level.

Methods

Data. Source trees published in peer-reviewed journals, edited volumes and monographs between 1990 and
2013 (most of them post 2007) were collected (including papers “in press” by the end of 2013). Altogether 257
source trees (obtained by using both distance-based and character-based methods) and 44 admixture plots from
200 published studies contributed to the present dataset. Only trees that were inferred by formal phylogenetic
methods and based on original analyses were utilized. The protocol for inclusion and rejection of source trees
was guided by the issues of sufficient taxonomic coverage and data quality (see Supplementary Methods). In
order to ameliorate the problem of data non-independence and duplication, we used a protocol for source-trees
retention and exclusion proposed by Bronzati et al.>® (see Supplementary Methods). In addition to the trees, we
also utilized admixture plots, produced by software like STRUCTURE, FRAPPE, and ADMIXTURE, as a source
of hierarchical information for supertree construction (see the section “Matrix representation with parsimony”
and Supplementary Methods).

Taxonomic nomenclature and taxonomic level. To synthesize published phylogenies from differ-
ent sources, the names of terminal taxa from the source trees were standardized using ISO 639-3 codes from
Ethnologue*, a standard, widely recognized taxonomic reference. Information on geographic range of a pop-
ulation in question, sampling location(s) of genotyped individual(s), linguistic affiliation and ethnonyms were
utilized in order to standardize the taxonomy among individual sources. Where higher-level taxa (e.g., population
or linguistic groupings above the level of ethno-linguistic groups listed in Ethnologue) were used in the source
studies, they were either replaced by a single population based on information from the original study, or, when
this information was insufficient or unavailable, by “type” population(s) (Supplementary Table S1). Lower-level
taxa (e.g., local populations or language dialects) took on the names of the corresponding ethno-linguistic
groups listed in Ethnologue (see Supplementary Methods). Populations of well-known recent mixed ancestry
(e.g., “African American’, “US Hispanic”, “Cape Mixed Ancestry”), colonial populations (e.g., Boer), creole lan-
guages (e.g., Haitian), and loosely specified higher level taxa (e.g., “African’, “Native North American”) were not
included. The only exceptions were Australian Aboriginals of unspecified ethnic population origin that were
merged together and analyzed as a single terminal taxon, named “AUSTRALIAN” (see Supplementary methods).

Population samples. Two datasets were created. The first dataset of 186 populations included all world
regions and major linguistic groups that were reasonably well represented throughout the source trees (“repre-
sentative dataset”) (Supplementary Table S2). The representative dataset included 5,987 parsimoniously inform-
ative characters. The second dataset consisted of 51 populations from the Human Genome Diversity Project
(HGDP) panel®, plus three additional populations to represent Australia, Micronesia and Polynesia (‘HGDP
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dataset”). The HGDP dataset included 3,070 parsimoniously informative characters (see Supplementary
Methods).

Matrix representation with parsimony. The matrix representation with parsimony (MRP) method?*?*
is based on creating, merging and reanalyzing matrix representations of the source trees: each source tree was
converted into a partial matrix of additive binary characters. Taxa descended from a given node were coded as
“1” (=present); those that did not were coded as “0” (=absent); all taxa that were not present in the given source
trees were coded as “~” (=inapplicable). Each admixture plot was converted into a matrix representation such
that each population was coded as “1” (=present) or as “0” (=absent) based on the proportions of individual
genotypes attributable to each cluster. Limited attribution to a given cluster (less than 10%) was neglected, and
ambiguous sections of a plot (borderline proportions or different proportions in individuals within a single pop-
ulation) were coded as “?” (=unknown). The resulting matrix of additive binary characters was analyzed by the
MP method to obtain a tree which corresponds to clustering implied by the admixture plot. The trees based on
admixture plots typically contain unresolved sections due to membership of some populations in several clusters,
but they still preserve enough valuable branching information. The merged character matrix consisting of matrix
representations of trees and admixture plots was analyzed by the MP method to obtain a supertree presented in
the form of a strict or semistrict consensus tree.

Phylogenetic analysis. Phylogenetic analyses were performed in TNT ver. 1.1° under “new tech-
nology search” with search level 10 using sectorial, ratchet, and tree fusing searches, obtaining trees from a
10,000-replicate random addition sequence, followed by additional branch swapping using the tree-bisection
and reconnection method (see Supplementary Methods). The datasets were analyzed without any topological
constraints (i.e., without any assumptions on geographic regions or language families).

Sensitivity analysis and wildcard taxa identification. To investigate robustness of the inferred super-
tree topology, we used a method inspired by Wheeler’s “sensitivity analysis™?’ (see Supplementary Methods).
We used 16 parameter sets (for each population sample in parallel), based on combinations of four weighting
and four rooting schemes as follows: either (1) all data partitions were weighted equally, or (2) all trees were
upweighted by the factor of 1,000 relative to admixture plots, or (3) genetic/genomic trees were upweighted by
the factor of 1,000 relative to language trees and all admixture plots, or (4) genomic trees were upweighted by the
factor of 1,000 relative to all remaining data partitions; and either (A) all rooted source trees and admixture plots
were treated as rooted (by inserting a hypothetical “all-0” outgroup), or (B) only rooted source trees were treated
as rooted, or (C) only rooted genetic/genomic trees were treated as rooted, or (D) only source trees/admixture
plots featuring great ape and/or archaic hominin outgroups (Gorilla gorilla, Pan paniscus, P. troglodytes, Denisova
hominin, Homo neanderthalensis) were treated as rooted. When performing sensitivity analysis on the HGDP
dataset, the data partitions were either downweighted as above (1:1,000) or completely deactivated to test whether
the weighting scheme was sufficient to minimize the effect of a data partition on the resulting topology. Sixteen
sets of the most parsimonious trees, recovered in the sensitivity analysis of the representative dataset, were ana-
lyzed using IterPCR script®® as implemented in TNT?, to improve resolution of the consensus tree by identifying
taxa of unstable positions (“wildcard taxa™?). Alternative positions of the identified wildcards were investigated
using pruned strict consensus (nelsen//) in TNT. Four wildcards that decreased resolution of the supertree by five
or more nodes were excluded from the dataset, and the pruned version of the representative dataset (182 popula-
tions) was used for subsequent analyses (Supplementary Methods).

Linguistic constraints. In order to infer the relationships of language families and macrofamilies, we created
two datasets based on linguistic classification. The first dataset included 37 parsimoniously informative characters
based on Ethnologue classification®® on the level of language families. The second dataset included additional 26
parsimoniously informative characters based on on classification by Ruhlen®” and Greenberg & Ruhlen® on the
level of linguistic macrofamilies and linguistic stocks within the Amerind macrofamily; Supplementary Table
S6; Supplementary Methods). Characters based on Ethnologue*®, Ruhlen* and Greenberg & Ruhlen® were fully
congruent, with no hard conflict between them. Hunter-gatherer populations, speaking languages of neighboring
groups, were scored as “unknown” (“?”) in both datasets. These included C African Pygmies (Mbuti Pygmy, Aka
Pygmy) who speak Niger-Congo or Nilo-Saharan languages®, the “Negritos” of Malaysia (Jehai and Kensiu) who
speak Austro-Asiatic languages®**7, and the “Negritos” of Philippines (Agta, Aeta, and Mamanwa) who speak
Malayo-Polynesian (Austronesian) languages®®. Similarly, Ashkenazi Jews who used to speak Indo-European
(Germanic) Yiddish were not scored for linguistic characters. (Supplementary Methods). Language-constrained
supertrees (Fig. 3; Supplementary Fig. S22a,b) were inferred by analyzing all data partitions rooted by “all-0”
outgroup together with the Ethnologue and Greenberg-Ruhlen datasets; the data partitions based on linguis-
tic sources and the datasets based on linguistic classification were upweighted by the factor of 1,000 relative to
genetic data partitions.

Supertrees comparison and phylogenetic signal.  The resulting supertree topologies were compared
using the SPR distance measure (sprdiff) and the “anticonsensus” measure (tcomp) in TNT software. Topology of
the supertree constrained by the Greenberg-Ruhlen classification was compared with the purely genetic supertree
using a tanglegram computed in Dendroscope ver. 3.2.10%. In order to assess the support for proposed linguistic
groupings (macrofamilies, stocks, and families), consistency index (CI) and retention index (RI) values were cal-
culated in Mesquite ver. 3.02% for each character in the linguistic classification datasets optimized onto the purely
genetic and combined supertree topologies (based on parameter set 1.A, see the section “Sensitivity analysis and
wildcard taxa identification”). The resulting CI values were compared to the minimum possible CI values (for a
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binary character, CI,;,= 1/N, where N taxa were scored positively for presence of a character), which made the
values directly comparable for language families represented by different number of populations (Supplementary
Methods).

Plotting. Plotting of sampling locations on the world map was performed using an open source software
QGIS v.2.8 (http://qgis.org/en/site/) with open-source map.
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Abstract Recent studies of the evolution of religion have revealed the cognitive
underpinnings of belief in supernatural agents, the role of ritual in promoting cooper-
ation, and the contribution of morally punishing high gods to the growth and stabili-
zation of human society. The universality of religion across human society points to a
deep evolutionary past. However, specific traits of nascent religiosity, and the sequence
in which they emerged, have remained unknown. Here we reconstruct the evolution of
religious beliefs and behaviors in early modern humans using a global sample of
hunter-gatherers and seven traits describing hunter-gatherer religiosity: animism, belief
in an afterlife, shamanism, ancestor worship, high gods, and worship of ancestors or
high gods who are active in human affairs. We reconstruct ancestral character states
using a time-calibrated supertree based on published phylogenetic trees and linguistic
classification and then test for correlated evolution between the characters and for the
direction of cultural change. Results indicate that the oldest trait of religion, present in
the most recent common ancestor of present-day hunter-gatherers, was animism, in
agreement with long-standing beliefs about the fundamental role of this trait. Belief in
an afterlife emerged, followed by shamanism and ancestor worship. Ancestor spirits or
high gods who are active in human affairs were absent in early humans, suggesting a
deep history for the egalitarian nature of hunter-gatherer societies. There is a significant
positive relationship between most characters investigated, but the trait “high gods”
stands apart, suggesting that belief in a single creator deity can emerge in a society
regardless of other aspects of its religion.
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Religion is unique to humans. Belief in supernatural agents and the entailed religious
practices occur in virtually all human cultures (Brown 1991; Johnson 2005; Murdock
1965; Murdock and White 1980). The universality of religion across human societies
(Brown 1991) suggests a deep evolutionary past. The human ability to create complex
culture (“cultural capacity”’) may be older than the first split in the modern human
lineage (Lind et al. 2013), and some aspects of religion may have been present before
the appearance of anatomically modern humans (Rossano 2006). Religion has gener-
ally been assumed to have emerged among anatomically modern humans in Africa
during the Upper Paleolithic, and to have played a vital role in the subsequent out-of-
Africa expansion (Balme et al. 2009; Rossano 2009a).

Explanations for a natural emergence of religion have been debated for hundreds, if
not thousands, of years (Martin and Wiebe 2012; Wiebe 2008). That debate has now
turned to empirical approaches and testable hypotheses, many of them grounded in the
framework of evolutionary theory (Alcorta and Sosis 2005; Atran and Norenzayan
2004; Barrett and Lanman 2008; Boyer and Bergstrom 2008; Irons 2001; Rossano
2006; Tremlin 2006). During the past decade, evolutionary psychologists have identi-
fied and described the activity of cognitive biases that enable us to accept the counter-
intuitive concepts and beliefs of religion (Atran and Henrich 2010; Barrett and Lanman
2008; Tremlin 2006). Research into the dynamics of religion has revealed the nature of
ritual behavior to promote high levels of cooperation (Atran and Henrich 2010; Fischer
et al. 2013; Sosis and Ruffle 2003; Xygalatas et al. 2013). The contribution of belief in
morally punishing high gods to enhancing prosociality and ensuring growth and
stabilization of society has also been demonstrated (Norenzayan and Shariff 2008,
Norenzayan et al. 2016; Peoples and Marlowe 2012).

This research has often focused on characteristics of the large prosocial religions that
have emerged during the 10,000—12,000 years since the advent of agriculture
(Matthews 2012; Norenzayan 2013). Little attention has been paid to the religion of
hunter-gatherers whose religious beliefs and behaviors have been evolving during the
vast majority of human history (Lee and DeVore 1968). Despite established specula-
tions about various beliefs and behaviors that may represent an original form of
religion, specific traits of nascent religiosity, and the sequence in which they emerged,
have remained unknown.

There have been as many attempts to define religion as to explain its origins.
Broadly defined, religion is a set of beliefs and behaviors based on a shared worldview
that separates the sacred, or supernatural, from the profane (Durkheim 1965 [1912]). In
this study of its origins, we view religion as a biocultural adaptation (Alcorta and Sosis
2005; Harris and McNamara 2008; Sanderson and Roberts 2008).

How old are religious concepts and their engendered behaviors? Ritual behavior is
widespread among humans today, operating in a variety of social environments, both
religious and secular (Brown 1991; Cronk 2005; Spencer 1870). Behavior reminiscent
of ritual can be seen in many animals, including the ecstatic “rain dances” and
directional drumming of chimpanzees (Goodall 1986; Nishida et al. 1999), which
along with bonobos are our closest extant evolutionary kin. It is highly likely that
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archaic hominins would have exhibited ritualistic behavior in some form, but evidence
for nascent religiosity remains difficult to infer from the archaeological record (Rossano
2006, 2009b).

Whether early hominins held religious beliefs prior to the emergence of language is
unknown. We should not dismiss the possible presence of non-linguistic religious
thought and sentiment among early members of the genus Homo. However, a case
can be made that transmission of religious concepts from one individual to another
requires complex mental imaging, and a capacity for symbolic thought and communi-
cation that might include ritual, dancing, singing, gestures, art and ornamentation, as
well as language (Deacon and Cashman 2010; Mithen 1998). Some genetic and
anatomical changes enabling speech and language can be traced to the most recent
common ancestor of Neanderthals and anatomically modern humans about half a
million years ago (Barney et al. 2012; Dediu and Levinson 2013; Krause et al.
2007). It has been suggested that rudimentary language could be older than symbolic
thought (Barnard 2012).

The archaeological record documents the presence of artifacts and technology dating
from ca. 400 kya that would probably have required a level of symbolic communication
close to that of language (Zilhao 2007). Early evidence for the processing and use of
red ochre, often considered a marker for symbolic behavior, dates to the Middle
Pleistocene >400 kya in Africa (Barham 2002) and to >284 kya (Deino and
McBrearty 2002) in the presence of Levallois blade technology.

Finds at Pinnacle Point in southern Africa (Marean et al. 2007) demonstrate the use
and processing of pigment among anatomically modern humans as early as
165,000 years ago (McDougall et al. 2005). Ochre nodules bearing engraved abstract
patterns and perforated shell beads found at Blombos Cave in South Africa, dating to
75,000-100,000 years ago (d’Errico et al. 2005; Henshilwood et al. 2009), suggest
symbolically mediated behavior. These and other similar finds lend substantial support
to the theory of progressive development of symbolic behavior and complex imagery
along with the evolution of modern human anatomy (Barnard 2012; Conard 2010;
Deino and McBrearty 2002; d’Errico and Stringer 2011; McBrearty and Brooks 2000;
Zilhao 2007). Pleistocene hunter-gatherers would most likely have possessed both the
cognitive and communicative skills to share religious beliefs and practices prior to
dispersal out of Africa more than 60 kya (Fu et al. 2013; Henn et al. 2012; Johansson
2011; Lind et al. 2013). Although present-day hunter-gatherers are not direct analogues
of those early societies and may not be direct, unbroken descendants of ancestral
hunter-gatherers, they can provide a window onto traits selected for in the Pleistocene
(Marlowe 2005), including traits of early religion.

The uniqueness of “natural” religions of hunter-gatherers, and likely those of our
Paleolithic ancestors, cannot be overemphasized when compared with the “world”
religions that have emerged along with the advent of agriculture. Many hunter-
gatherer socicties have little or no concept of religion per se, though a religious
dimension often permeates normal activities and is continuous with daily life (Lee
1989). Hunter-gatherer religions are seldom religions of protest or evangelism
(Woodburn 1997). Instead, each society focuses on maintaining its unique beliefs and
culture, along with a sense of self-worth and the general health and well-being of the
group (Woodburn 1997, 2005). Simple egalitarian hunter-gatherer groups generally
hold fewer religious beliefs and participate in less ritual (Marlowe 2010) than more
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complex groups. But hunter-gatherers do have religion, embodied in sacred healing
dances and rituals marking life events. Although there is considerable variation in
specific religious traits among hunter-gatherer societies, a cross-cultural view reveals
underlying similarities in cosmology, ritual, and belief (Rossano 2007). These often
include gods and spirits with limited powers who are typically not omniscient and
usually lack concern for morality and human affairs (Marlowe 2010; Norenzayan et al.
2016; Peoples and Marlowe 2012; Swanson 1960; Woodburn 1997), as Marshall
describes:

The concept of sin as an offence against the gods is vague among the !'Kung.
Man’s wrong-doing against man is not left to #Gao!na’s punishment nor is it
considered to be his concern. Man corrects or avenges such wrong-doings
himself in his social context. (Marshall 1962:245)

What were the specific traits of early religion? How did traits of nascent
religiosity evolve and interact over time? Recently phylogenetic comparative
methods have been increasingly applied to the study of the evolution of
material and non-material culture (Mace and Holden 2005; Mace and Jordan
2011), including religion (Matthews 2012; Watts et al. 2015). Reconstructing
ancestral character states on phylogenies based on genetic or linguistic data has
proven valuable in revealing the history of various sociocultural phenomena
(Currie et al. 2010; Opie et al. 2014; Walker et al. 2011, 2012). Although
religious beliefs are regarded as one of those cultural traits that are historically
labile and prone to cultural borrowing (Guglielmino et al. 1995), cross-cultural
research suggests that religion (and mythology) can be surprisingly stable
across time and space, and shared religious beliefs can be indicative of deep
ancestry (Berezkin 2008; Blust 2013). The use of phylogenetic methods is
important for understanding not only the origins of religious traits, but also
the behavioral systems that emerged from them that have determined patterns of
social constraint and have impacted believers and non-believers alike.

Importantly, homology is not limited to morphology and its genetic and/or devel-
opmental underpinnings. Behavior, which is often evolutionarily conserved, is also a
proper subject of homology relations and can be used in phylogenetic reconstruction
(Hall 2013; Powell and Shea 2014; Rendall and Di Fiore 2007). A behavioral homol-
ogy need not have a particular structural basis. We do not argue for homology of the
particular religious beliefs (e.g., different afterlife beliefs across hunter-gatherer socie-
ties that possess this trait) but for the homology of the fundamental religious concepts
(e.g., the concept of afterlife itself) and their continuity. Even characters that cannot be
hypothesized as strictly homologous among sampled cultures can be analyzed because
they can represent non-homologous psychological-behavioral responses to identical
selective pressures (see Murdock 1965 for similar reasoning in anthropology).

In this study we investigate early evolution of religion by reconstructing ancestral
states for seven characters describing religious beliefs and behaviors in a global sample
of 33 hunter-gatherer societies (Fig. 1). Using a time-calibrated supertree based on
published genetic and linguistic phylogenetic trees, and linguistic classification as a
proxy for population history, we reconstruct ancestral character states and test for
correlated evolution between the characters and for the direction of cultural change.
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Methods

Phylogenetic reconstruction of ancestral character states is a two-step process. It
requires a set of characters (data matrix) with known character states (e.g., present or
absent) based on traits of interest, and a phylogenetic tree that represents the historical
relationships between the populations under investigation.

Population Sample

We used primary ethnographic sources to create a data matrix of characters describing
religiosity in a sample of 33 hunter-gatherer societies. The study sample consists of 28
hunter-gatherer societies selected from the Standard Cross-Cultural Sample (SCCS)
(Murdock and White 1980), and five additional hunter-gatherer societies selected from
both the Ethnographic Atlas (EA) (Murdock 1967) and original ethnographic descrip-
tions of the societies.

We used ratings of other researchers to obtain a subsample of 28 hunter-gatherer
societies from the SCCS. The variables used to define the sample were SCCS variable
1: Intercommunity Trade as Food Source; variable 3: Agriculture Contribution to Local
Food Supply; variable 5: Animal Husbandry Contribution to Food Supply (Murdock
and Morrow 1970); and variable 858: Subsistence Type—Ecological Classification
(coded by D. White after Paige and Paige 1981). We defined our sample of hunter-
gatherers as follows: contribution to local food supply less than 10% agriculture (SCCS
v3), less than 10% animal husbandry (SCCS v5), and trade accounting for less than
50% and no more than any single local source (SCCS v1). We excluded mounted
hunters (SCCS v858 = 5, mounted hunting) to more accurately represent pre-
agricultural hunter-gatherer societies. We excluded eight SCCS hunter-gatherer socie-
ties from the sample either because of the lack of phylogenetic information (Ingalik,
Micmac, E. Pomo, Yokuts [Lake], Paiute North, Klamath, and Kutenai) or because
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their main source of subsistence stated in the EA does not classify them as hunter-
gatherers (Shavante depend 16-25% on agriculture). We added five additional societies
chosen from the EA and original ethnographic sources in order to balance the geo-
graphic distribution of the sample. These additional societies are the Aka and G/wi
(Africa), Agta (Philippines) and Walbiri (Australia) hunter-gatherers, and the Sandawe
(Africa), who are now mainly herders and farmers but share a deep genetic and
historical relationship with the Hadza (Tishkoff et al. 2007). Figure 1 shows the
geographic locations of the 33 hunter-gatherer societies in the study.

Trait Definition and Character Matrix Construction

Original coding of data in all 33 sample societies for the traits of animism (Tylor 1871),
belief in an afterlife (Bering 2006), shamanism (Eliade 1964; Winkelman 1990), and
ancestor worship (Sheils 1975; Spencer 1870; Steadman et al. 1996; Swanson1960)
was based on principal ethnographic source descriptions (White 1989) and additional
ethnologies referenced in the character matrix.

Tylor defined animism as a general belief in the “animation of all nature” (1871:258)
and fundamental to religion. Animism includes a “belief in personal souls” (1871:260)
as well as “a sense of spiritual beings. . . inhabiting trees and rocks and waterfalls”
(1871:260). We define animism as the belief that all “natural” things, such as plants,
animals, and even such phenomena as thunder, have intentionality (or a vital force) and
can have influence on human lives. Animism is coded as present or absent in each
society, based on assessments of principal ethnographers. Belief in an afterlife is
defined as belief in survival of the individual personality beyond death (Bering 2006)
and is coded as either present or absent.

A global definition of shamanism remains contentious (Sidky 2010). We define
shamanism as the presence in a society of a “shaman” (male or female), a socially
recognized part-time ritual intercessor, healer, and problem solver (Sidky 2010;
Winkelman 1990). Shamans often use their power over spirit helpers during perfor-
mances involving altered states of consciousness (Eliade 1964; Winkelman 2010) to
benefit individuals and the group as a whole (Eliade 1964; Winkelman 1990, 2010). We
view shamans as a general category of individuals often found in hunter-gatherer
societies who mediate between the earthly and spirit worlds to promote cohesion and
physical and mental well-being in the society (Eliade 1964; Sidky 2010; Winkelman
1990, 2010). Shamanism is coded as present or absent.

Ancestor worship is defined as belief that the spirits of dead kin remain active in
another realm where they may influence the living, and can be influenced by the living
(Sheils 1975; Spencer 1870; Steadman et al. 1996; Swanson 1960). Ancestor worship
is coded as four states in the SCCS: a belief in ancestor spirits can be (1) absent in a
society or the spirits can be (2) present but inactive in human affairs. In other societies,
ancestor spirits are believed to be active in human affairs but (3) may not or (4) may be
influenced by humans through prayer and sacrifice (Sheils 1975; Spencer 1870;
Steadman et al. 1996; Swanson 1960). “High gods” is EA variable 34 and SCCS
variable 238, defined by Swanson (1960) as single, all-powerful creator deities who
may be active in human affairs and supportive of human morality. The variable is coded
as four states. It differentiates between societies in which a creator deity is (1) absent,
(2) present but inactive in human affairs, (3) active in human affairs but does not
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support a moral agenda, or (4) active and morally punishing. The SCCS provides
coding for high gods in 28 of the 33 societies in our sample. Original coding in the
additional five societies, based on principal ethnographic sources, completed the coding
for all 33 societies.

Based on the five traits of hunter-gatherer religion described above, we created a set
of seven characters of hunter-gatherer religiosity. The character matrix was coded as
follows: animism (absent, present); belief in an afterlife (absent, present); shamanism
(absent, present); ancestor worship (absent, present); high gods (absent, present). Two
additional traits, active ancestor worship (absent, present) and active high gods (absent,
present), were derived from the basic traits of ancestor worship and high gods. These
two additional characters recognize those societies that not only hold a belief in
ancestor spirits or high gods but also believe that those spirits or high gods are active
in human affairs. “Active ancestor worship” denotes the absence or presence of
ancestral spirits actively meddling in human affairs, who may or may not be influenced
through prayer or sacrifice (Sheils 1975; Spencer 1870; Steadman et al. 1996; Swanson
1960). Similarly, “active high gods” identifies societies that believe in a high god that is
also active in human affairs, and may or may not be morally punishing (Swanson
1960).

The resulting character matrix has 33 terminals (hunter-gatherer populations) and 7
characters (Fig. 2). (Character matrix and coding references are provided in the ESM,
Tables Ala and b.)

Animism 100%
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9 Belief in an Afterlife — 79%
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©
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Fig. 2 Distribution of the seven characters describing hunter-gatherer religiosity in the study sample
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Phylogenetic Supertree Inference

We used a dataset described in Duda and Zrzavy (2016) to generate a phylogeny of 33
hunter-gatherer populations using the Matrix Representation with Parsimony (herein-
after MRP) supertree method (Baum 1992; Ragan 1992). The dataset is based on 301
genetic and linguistic source trees from 199 studies published in journals, edited
volumes, and books from 1990 to ca. 2014. It also includes a character set based on
language classifications of Greenberg (1987), Ruhlen (1991), and Greenberg and
Ruhlen (2007) on the level of linguistic stocks and families.

Data from White (2009) and Ethnologue (Lewis et al. 2013) were used to match the
hunter-gatherer populations in the study sample with the populations present in the
supertree dataset.

Populations absent from or underrepresented in the supertree dataset were replaced
by either a more inclusive population group or by a genetically closely related
population that was used as a proxy for the hunter-gatherer population in question.
Positions of four North American populations (Kaska, Eyak, Twana, and Yurok) were
based solely on linguistic classification (ESM Table A2).

In order to overcome the problem of the lack of genetic data and the conflicting
signals caused by recent genetic admixture and language shifts in some hunter-gatherer
populations in the study sample, the characters based on linguistic classifications were
up-weighted by a factor of 100 to serve as a topological constraint or “scaffold.” This
scaffold tree constrains the topology for a subset of populations for which linguistic
affiliation can be determined (i.e., those scored for characters). (Details on supertree
dataset manipulations are given in the Methods section of the ESM.)

The linguistic scaffold tree included 20 phylogenetically informative characters for
the 33 populations in the study sample. Note that this linguistic scaffold implies
relatively few internal groupings (clades based on linguistic classification), particularly
among the Old World hunter-gatherers (see ESM Figure Al).

Semi-rooted coding (sensu Bininda-Emonds et al. 2005) was employed. The
supertree was rooted by an “all-0” hypothetical outgroup that preserves the rooting
information for rooted source trees; for unrooted source trees the hypothetical outgroup
was scored as “?”.

The complete dataset included 974 taxa + outgroup. The analysis was performed in
TNT 1.1 (Goloboff et al. 2008) under “new technology search” with search level 10
using sectorial, ratchet, and tree fusing searches, obtaining trees from a 10,000-replicate
random addition sequence, treating gaps as missing data and all character changes as
equal and non-additive. The recovered trees were then subjected to additional branch
swapping with up to 10,000 trees held during each step. The resulting supertree is a
semi-strict consensus tree reduced to 33 hunter-gatherer populations + outgroup. The
topology of this supertree is fully resolved (ESM Figure A2).

Time-Calibrating the Supertree

Time-calibrated branch lengths were obtained from published time estimates of diver-
gence events and colonization events in human population history based on molecular,
linguistic, and archaeological data (ESM Table A3b). These estimates were used as

time constraints on the nodal ages of the supertree. In order to test the robustness of
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reconstructions of ancestral character states and given the considerable variance in
molecular-based time estimates of divergence dates and discrepancies between esti-
mates based on molecular, linguistic, and archaeological data, two sets of time esti-
mates were used. (Two sets of divergence dates for time-calibrating the supertree are
given in ESM Table A3a.)

The first set of dates assumes a greater time depth of the supertree and consists
mostly of molecular-based estimates of divergence dates. The second set of divergence
dates is based on molecular-based estimates, archacological data, and glottochronology
and is close to the minimum time estimates. We emphasize the results based on the
second set of dates since these represent the time when the populations in our sample
last shared close cultural contact, which arguably suits our analyses better than the
estimates of deeper, molecular-based divergence dates between the populations in
question.

The age of the nodes for which time estimates were available was fixed using the
Node Age Constraint tool in Mesquite 3.02 (Maddison and Maddison 2015). The time-
calibrated supertree was inferred using the combination of Enforce Minimum Node
Age Constraints and Arbitrarily Ultrametricize functions in Mesquite 3.02 (Maddison
and Maddison 2015).

Phylogenetic Reconstruction of Ancestral Character States

The set of characters was mapped onto the tree topology. All character states in the
outgroup were scored as 0, absent (i.e., plesiomorphic character states for all charac-
ters). Maximum parsimony and maximum likelihood reconstruction of ancestral char-
acter states were performed in Mesquite 3.02 (Maddison and Maddison 2015). The
Markov k-state 1 parameter model (Mk1) that assumes an equal rate of change between
all character states (Lewis 2001) was used for maximum likelihood reconstruction. An
asymmetric likelihood ratio test (Pagel 1999b) indicated that the asymmetric two-
parameter model does not offer a significant improvement over the Mkl model for
any of the seven characters in question, thus validating the Mk1 model. Each character
was mapped onto a set of topologies using the Trace Character History function.

The statistical support for the ancestral state reconstructions was determined using a
likelihood decision threshold of 7'= 2, indicating support at least 7.4 times greater for
the character state in question than for the alternative character state(s) (Schluter et al.
1997).

Testing for Correlated Character Evolution

In order to test hypotheses about temporal ordering of character state changes and
coevolution of traits we used Pagel’s test for correlated discrete character evolution
(Pagel 1994, 1999a) implemented in the Pagel94 module in Mesquite 3.02 (Maddison
and Maddison 2015). This method uses a continuous-time Markov model to infer
character changes along each branch of a phylogenetic tree in order to establish the
most likely temporal ordering and direction of evolutionary change and the most
probable evolutionary pathway between two discrete binary characters. Evolutionary
change in each character along the tree branches is modelled as a Markov process, in
which the likelihood of character change is dependent on its current character state.
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Two models are fitted: an independent, four-parameter model (L;) in which evolution in
each character is independent of the state of the other character, and a dependent, eight-
parameter model (Ly) in which the probability of change in one trait is dependent on the
state of the other trait. (For example, the probability of a culture gaining shamanism can
differ between cultures with a belief in an afterlife and cultures without one.) A
likelihood ratio (LR) is used to compare the log likelihoods of the independent and
dependent models. The advantage of this method is that its use is not conditioned on the
ability to unequivocally reconstruct ancestral character states (Nunn 2011).

The supertree with the preferred set of divergence dates (i.e., shallower divergences)
was used for correlation analysis. The probability that a model of dependent evolution
fits the data significantly better than the model of independent evolution was estimated
with a likelihood-ratio test involving 1000 Monte Carlo simulations. A likelihood-ratio
test generates a null distribution of likelihood ratios, against which the significance of
the observed LR is tested. For each simulation, maximum-likelihood estimates of
model parameters were optimized using 500 iterations. If the dependent model fits
the data significantly better than the independent model, this indicates that the state of
one character affects the probability of change in the other, and that the two characters
probably coevolve.

Results

The resulting supertree topology (see ESM Figure A2) indicates a deep split between
sub-Saharan African and non-African hunter-gatherers. Within Africa, South African
Khoisan who speak 'Kung and G/wi are more closely related to Central African
Pygmies than to click-speaking East African Hadza and Sandawe. Outside Africa,
the Vedda of Sri Lanka is the deepest-rooting lineage, followed by Andaman Islanders
and Australian Aboriginals, presumably the remnants of early out-of-Africa expansion
via the “southern route” (Macaulay et al. 2005). A large clade follows, consisting of
two groups: hunter-gatherers of East Asia and those in Beringia and America. Within
East Asia, two sister groups appear: Southeastern (Negritos of Malaysia and Philippines
and Badjau Tawi) and Northeastern (the ‘“Paleo-Asiatic” peoples). The Beringian-
American clade consists of related Eskimo-Aleut and Na-Dene speakers, and the
Amerind speakers of North and South America as a sister group of the two.

The reconstructions of ancestral states for religious beliefs and behaviors show
several consistent patterns using maximum parsimony and maximum likelihood
methods, and topologies with two alternative sets of divergence dates. The presence
of animistic concepts in the religions of all sample societies (Fig. 2) is in accord with
Tylor’s (1871) theory that animism is fundamental to religion. The presence of animism
in the last common ancestor (LCA) of present-day hunter-gatherers is significantly
supported (proportional likelihood = 0.99, p < 0.05%).! Reconstructions of ancestral
states for the six remaining characters describing religion in our hunter-gatherer sample
are shown in Fig. 3. (Reconstructions of ancestral states for each node based on
maximum parsimony and maximum likelihood using two sets of divergence dates
are given in ESM Table A4.)

! Asterisk (*) indicates significant result p < 0.05
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Fig. 3 Maximum likelihood reconstructions of ancestral states for six characters describing hunter-gatherer
religiosity. a Belief in an Afterlife. b Shamanism. ¢ Ancestor Worship. d Active Ancestor Worship. e High
Gods. f Active High Gods. The scale indicates time depth in kya. (see ESM Table A4 for details)

Belief'in an afterlife and shamanism are present among 79% of sample societies (Fig. 2)
and have similar, although not identical, distribution across societies (Fig. 3a, b). These
characters are less common among African hunter-gatherers. The reconstructed ancestral
state in the deepest node for belief in an afterlife and shamanism is equivocal (proportional
likelihood = 0.5 and 0.56, respectively; ESM Table A4a) according to maximum
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likelihood. Maximum parsimony favors the absence of shamanism. We cannot determine
whether belief in an afterlife and shamanic practices were present in the LCA of present-
day hunter-gatherers. Among present-day African hunter-gatherers (the deepest-rooting
clades) the 'Kung and G/wi hold a belief in an afterlife, whereas Hadza, Mbuti, and Aka
either never acquired it or had the trait and then lost it (Fig. 3a). The !Kung and G/wi have
shamans, but Hadza, Sandawe, Aka, and Mbuti do not (Fig. 3b). The presence of healers
among the Mbuti suggests that the Mbuti may once have had shamans, but they lost the
trait at some point (Winkelman 1990).

Ancestor worship is present in 45% and active ancestor worship in 24% of sample
societies (Fig. 2). The ancestral state of “ancestor worship” is equivocal (proportional
likelihood = 0.5; ESM Table A4b). Ancestral presence of active ancestor worship is
somewhat less likely. However, this is not significantly supported (proportional likelihood
= 0.43429948; ESM Table A4b) on the topology with shallower divergence dates. In
contrast, its ancestral absence is significantly supported (0.10739427%; ESM Table A4b)
on the topology with deeper divergence dates. Maximum parsimony reconstruction favors
the absence of active ancestor worship (ESM Table A4b). These results suggest ancestor
worship could have been present among ancestral hunter-gatherers, but probably not the
active form.

Only 39% of sample societies have the trait “high gods,” and even fewer (15%) have
active high gods (Fig. 2). The equivocal results based on maximum likelihood and
absence according to maximum parsimony for the ancestral state of “high gods”
suggests possible presence of belief in a single creator deity among ancestral hunter-
gatherers, albeit one that is not active in human affairs (proportional likelihood = 0.05%)
(see ESM Table A4b for details).

The consistency and retention indices (CI, RI) calculated for each character and the
whole character matrix quantifies the degree of character “fit” on the tree. CI (with values
from 0 to 1) measures the amount of homoplasy on a tree; RI (also 0—1) measures the
degree to which shared derived character states are exhibited on a tree. The resulting CI
and RI values for the whole character matrix are low (0.17 and 0.31, respectively),
indicating that most characters are highly labile. The characters displaying the worst fit
on phylogeny are ancestor worship and high gods (CI = 0.1), and the reconstructed
ancestral states for both are equivocal (Fig. 3¢, e; ESM Table A4b).

The results of Pagel’s test for correlated evolution indicate a significant positive
relationship between most traits investigated. The dependent models for the evolution
of selected pairs of characters showing support for correlated evolution are shown in
Fig. 4. (The results of Pagel’s test for correlated evolution, including transition rates for
independent and dependent model of character change, log likelihood values for each
model, and p values, are given in ESM Table AS.)

Belief in an afterlife and shamanism emerge in the presence of the fundamental trait
of animism. Once these two traits are gained, they are unlikely to be lost (Fig. 4a).

Coevolution of belief in an afterlife and shamanism is significantly supported
(L =—-35.71, Ly = —28.75, LR = 6.96, p = 0.00*) (Fig. 4c). The transitional probabilities
indicate that belief in an afterlife evolves more likely in the absence of shamanism than
shamanism would evolve in the absence of a belief in an afterlife. This suggests that belief in
an afterlife is likely to have emerged first from the base of animistic beliefs, and later
shamanism evolved in the presence of belief in an afterlife (Fig. 4c). It also indicates that
shamanism is likely to be lost in the absence of belief in an afterlife (Fig. 4c; ESM Table A5).
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Fig. 4 Transitions between character states for selected pairs of characters showing significantly higher
likelihood of the dependent model of evolution, indicating that these traits coevolve. Widths of arrows are
proportional to rates of change (see ESM Table AS for details)

There is significant support for coevolution of belief in an afterlife and ancestor
worship (L; = —40.48, Ly = 34.66, LR = 5.82, p = 0.003*) (Fig. 4d). Belief in an
afterlife evolves prior to ancestor worship, and its presence stimulates the subsequent
evolution of ancestor worship. Ancestor worship is unlikely to be lost in the presence of
belief in an afterlife (Fig. 4d).

There is also significant support for coevolution of both shamanism and ancestor
worship (L; = —40.48, Ly = —36.60, LR = 3.88, p = 0.01*) and shamanism and active
ancestor worship (L; = —34.74, Ly = —28.72, LR = 6.02, 0.001*). Shamanism seems to
have a deep history and continuity, whereas ancestor worship, although it could have
evolved very early in the history of modern humans, is a highly labile trait (Fig. 3c).
Active ancestor worship probably appeared later (Fig. 3d). Ancestor worship without
shamanism seems to be an unstable cultural state that results either in a loss of
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worshipful relationship with dead kin or in the appearance of the shaman. Ancestor
worship with shamanism, on the other hand, appears to be a stable cultural state, rarely
lost once achieved, and the same is seen for active ancestor worship with shamanism
(Fig. 4e, 1).

There is no support for coevolution of any pair of characters that includes high gods
and active high gods, with the obvious exception of the two traits themselves
(L; = —33.58, Ly =—27.93, LR = 5.65, p = 0.001). Surprisingly, not even belief in an
afterlife shows any correlation with high gods. Belief in an afterlife evolved prior to
high gods, as is evident from reconstruction of ancestral states and the transition rates
based on Pagel’s test for correlated evolution. But these pairs of characters do not
coevolve: in other words, the probability of change in one is not affected by the state of
the other (see ESM Table A5 for details).

Discussion

Our results reflect Tylor’s (1871) belief that animism was the earliest and most basic
trait of religion because it enables humans to think in terms of supernatural beings or
spirits. Animism is not a religion or philosophy, but a feature of human mentality, a by-
product of cognitive processes that enable social intelligence, among other capabilities.
It is a widespread way of thinking among hunter-gatherers (Bird-David 1999; Charlton
2007; Klingensmith 1953; Piaget 1929). Animistic thought is a natural by-product of
the human capacity for intentionality or “theory of mind mechanism” (Dunbar 2003).
This innate cognitive trait allows us to attribute a vital force to animate and inanimate
elements in the environment (Piaget 1929; Tylor 1871). Once that vital force is
assumed, attribution of other human characteristics will follow. Animistic beliefs are
generally adaptive in the environments that prevail in hunter-gatherer societies (Bird-
David 1999; Charlton 2002). Animistic thinking would have been present in early
hominins, certainly earlier than language (Coward 2015; Dunbar 2003).

It can be inferred from the analyses, or indeed from the universality of animism, that
the presence of animistic belief predates the emergence of belief in an afterlife. Once
animistic thought is prevalent in a society, interest in the whereabouts of spirits of the
dead could reasonably lead to the concept of an unseen realm where the individual
personality of the deceased lives on. The afterlife might be a rewarding
continuation of life on earth, or a realm of eternal punishment for those who
break social norms. Belief in an afterlife may have generated a sense of “being
watched” by the spirits of the dead, prompting archaic forms of social norms
(Bering 2006) actualized in the role of the shaman.

Shamanism significantly correlates with belief in an afterlife, which emerged first.
Shamanism then evolved in the presence of belief in a realm of spirits of the dead. If
belief in an afterlife is lost, shamanism is also likely to be lost. The single exception to
this in our sample is the Slave, who have shamanism without belief in an afterlife.
Although shamanism has been described as the universal religion of Paleolithic hunter-
gatherers (Eliade 1964; Winkelman 1990), it is not a religion per se, but a complex of
beliefs and behaviors that focus on communication with the ancestral spirits, as well as
the general world of spirits in the realm of the afterlife. Shamans are healers, ritual
leaders, and influential members of society whose keen insight and success in solving
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social problems (Rossano 2007; Winkelman 1990) can lead to wealth, power, and
access to mates. Shamanism acts as a mechanism to reinforce social norms, encourag-
ing group cooperation through ritual and social bonding, and calming anxiety during
times of resource stress (Hayden 1987; Rossano 2007; Winkelman 1990; Winkelman
2010). Shamans, as Vitebsky (2000) puts it, are both spiritual leaders and social
workers. It would be reasonable to argue that shamans, who draw their power from
communication with the world of spirits, would have initially emerged in strongly
animistic societies that believed in an afterlife. Communication with omniscient and
perhaps judgmental spirits of known deceased, including ancestors, would have been a
useful tool in the work of the shaman.

As humans migrated out of Africa more than 60 kya (Henn et al. 2012; Macaulay
et al. 2005), the shaman’s curing skills and group rituals would have enhanced survival
through physical and emotional healing, enforcement of group norms, and resource
management. At the time of the rapid population dispersal of AMH out of Africa along
the southern route into Wallacea and Sahul, the physical stress of travel and encounters
with unfamiliar cultures in areas already occupied by other hominins would have
driven the need for use of both material and non-material culture, including religion,
to negotiate identities and relationships among and between groups (Coward 2015).
Evidence for more complex information exchange systems, planning depth and au-
thority, and increased symbolization appears in the archacological record of Wallacea
and Australia prior to 40 kya (Balme et al. 2009). These suggestions are in line with the
elevated likelihood support of the ancestral presence of shamanism in the deepest out-
of-Africa nodes (Fig. 2b). Our results support Rossano’s (2009a) hypothesis that
shamanism preceded and is more basic than ancestor worship, although the presence
of shamanism in the LCA of present-day hunter-gatherers is not supported.

Despite established speculation by Spencer (1870) and Tylor (1871) that universal
ancestor worship was the rudimentary beginning of religion, our analysis shows that
worship of dead kin is neither widespread among hunter-gatherers nor the oldest trait of
religion. Fewer than half of the societies in our sample believe that dead kin can
influence the living (Fig. 2). In many hunter-gatherer societies the concept of ancestor
spirits is absent, or present but they are inactive in human affairs (Sheils 1975; Swanson
1960). For example, among the! Kung there is a general fear of active spirits of “the
dead,” who are often the ghosts of recently deceased kin. But the concept of having a
worshipful relationship with their own ancestors is absent (Marshall 1962). Greater
likelihood of the presence of active ancestor worship has been linked to societies with
unilineal descent where important decisions are made by the kin group (Sheils 1975;
Swanson 1960). Ancestor worship is an important source of social control that
strengthens cohesion among kin and maintains lineal control of power and property
(Sheils 1975; Steadman et al. 1996; Swanson 1960), particularly in the more complex
hunter-gatherer societies. In contrast, immediate-return hunter-gatherer societies
(Woodburn 1982) seldom recognize dead ancestors who may intervene in their lives.
The social structure of these societies does not usually consist of strong kin ties, and
individuals do not depend on help from close kin, living or dead (Barnard and
Woodburn 1988).

The minimum requirement for veneration of dead ancestors is animism and belief in
the survival of the personal identity beyond death. In our analyses, ancestor worship is
significantly positively related with belief in an afterlife and shamanism. Belief in an
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afterlife evolves prior to shamanism and ancestor worship. There is significant support
for coevolution of shamanism with ancestor worship and active ancestor worship.
Belief in an afterlife with shamanism appears to be a stable cultural state, rarely lost
once achieved. Ancestor worship is also less likely to be lost in the presence of belief in
an afterlife with shamanism.

This is not to say that the reduction of complexity of religious beliefs and behaviors
cannot occur in simple hunter-gatherers. The presence of belief in an afterlife and
shamanism is significantly supported in the LCA of Beringian-American as well as
North and South American hunter-gatherers (Fig. 3a,b; ESM Table A4), suggesting that
the absence of these traits among the Siriono in Bolivia and Botocudo in southern
Brazil is due to independent secondary losses. In the Siriono, this loss was probably
part of a substantial decrease in cultural complexity during the expansion of Tupi
language speakers across lowland South America (Walker et al. 2012).

It can be argued that those societies under higher resource stress, encountering
difficulties with resource extraction that demands cooperative effort, would benefit
most from the shaman’s skills (Hayden 1987; Rossano 2007; Winkelman 1990, 2010).
This is supported by the prevalence of shamanism among hunter-gatherer societies of
Eurasia, and corresponding support for the presence of shamanism among their ances-
tors (Fig. 2b). In “Paleo-Asiatic” peoples (Ainu, Gilyak, and Yukaghir) and in Eskimo-
Aleut peoples of the circumpolar region, the presence of shamanism combines with
active ancestor worship. The presence of both traits in the LCAs of these groups is
significantly supported (Fig. 2d). High gods were not the first supernatural entities to
monitor morality (Geertz 2014). The power and leadership of the shaman was often
based on reaffirming traditional social behavior that was presumed to have been carried
out by the ancestors, and still desired and monitored by punishing ancestral spirits, even
in those societies where spirits of dead kin were not considered a part of the religion
(Steadman and Palmer 2008).

Belief in high gods appears to be a rather “stand-alone” phenomenon in the evolution of
hunter-gatherer religion. Prior studies have shown that among the four modes of subsis-
tence (hunter-gatherers, pastoralists, horticulturalists, and agriculturalists) hunter-gatherers
are least likely to adopt morally punishing active high gods, if any high gods at all (Botero
etal. 2014; Norenzayan 2013; Peoples and Marlowe 2012; Swanson 1960). This pattern is
reflected in the distribution and the reconstructed evolution of high gods and active high
gods in our sample (Fig. 2; Fig. 3e, f). Early egalitarian hunter-gatherers would rarely have
acknowledged an active high god (Norenzayan 2013; Peoples and Marlowe 2012) and
would be the least likely to accept or benefit from the supernatural meddling and social
constraints of deities who would be seen as “high rulers” (Peoples and Marlowe 2012).
The leaders of complex hunter-gatherer societies whose subsistence relies on collective
effort should be more likely to benefit from the coercive power of a punishing high god.
Our analysis does not support the prevalence of either type of high god among ancestral
hunter-gatherers, and the evolution of high gods does not correlate with any of the other
traits of hunter-gatherer religion, including ancestor worship.

In a study by Guglielmino et al. (1995) analyzing the transmission pattern of cultural
traits in sub-Saharan Africa, high gods (Swanson 1960) was among a group of traits
(taboos, ritual mutilation, premarital norms, etc.) that were consistently the least
correlated with either language or ecology, suggesting they evolve rapidly and are
prone to cultural borrowing. On the other hand, according to a more recent study by
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Currie and Mace (2014), high gods are among those cultural traits that evolve at
relatively slow rates in Bantu and Austronesian societies. Our results are consistent
with Guglielmino et al. (1995) since high gods (and ancestor worship) show the worst
fit on phylogeny (CI = 0.1) of all studied characters. This suggests that the presence of
high gods and some other traits related to religion and ritual are influenced by more
socioculturally oriented factors, and it lends support to the idea that these types of traits
may be more labile. Such traits would be more readily gained or lost as the adaptively
relevant sociopolitical environment changes (Irons 1998). To some extent this finding
may explain the independent pattern of emergence of high gods in our study.

Ancestral spirits and local gods with limited powers of supernatural monitoring may
have come relatively easily to the minds of early human hunter-gatherers. These types
of supernatural entities operate in a different realm from omniscient and powerful
creator gods (high gods), who have been shown to be related to a culture of some type
of control or decision-making structure (Peoples and Marlowe 2012; Radin 1937,
Swanson 1960). The absence of belief in active gods and spirits in the LCA of
present-day hunter-gatherers, according to the reconstructions, indicates a deep evolu-
tionary past for the egalitarian ethos of most simple hunter-gatherer societies, whose
small mobile populations of self-sufficient individuals make collective action problems
less of an issue. Those societies would be the least likely to accept or benefit from the
personal restraints of active ancestors or active high gods.

Conclusion

In this study we used a suite of phylogenetic comparative methods to investigate the
early evolution of religion. We reconstructed ancestral states for seven characters
describing religious beliefs and behaviors in a global sample of 33 hunter-gatherer
societies and tested for correlated evolution between these characters and for the
direction of cultural change.

Our results indicate that the oldest trait of religion, shared by the most recent
common ancestor of present-day hunter-gatherers, was animism. This supports long-
standing beliefs about the antiquity and fundamental role of this component of human
mentality, which enables people to attribute intent and lifelike qualities to inanimate
objects and would have prompted belief in beings or forces in an unseen realm of
spirits. Reconstructions are equivocal on whether or not the religion of the LCA of
present-day hunter-gatherers included belief in an afterlife, shamanism, ancestor wor-
ship, and the concept of a single creator deity, or a high god. Belief in either ancestral
spirits or creator deities who remain active in human affairs was not present in ancestral
hunter-gatherer societies, according to the reconstructions. This may be indicative of a
deep past for the egalitarian nature of hunter-gatherer sociceties, to whom high gods
would appear to be rulers (Peoples and Marlowe 2012).

The majority of traits of religion we investigated exhibit a correlated pattern of
character change on phylogeny. The results suggest that belief in an afterlife, shaman-
ism, and ancestor worship evolve in concerted fashion as an integrated system of
beliefs and practices. However, neither high gods nor active high gods exhibit corre-
lated evolution with the rest of the religious traits, including ancestor worship, despite
Spencer’s and Tylor’s suggestions.
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This is in line with a variety of evidence from other studies (Botero et al. 2014;
Norenzayan 2013; Peoples and Marlowe 2012; Radin 1937; Swanson 1960) suggesting
that if a society acquires belief in an omniscient and potentially morally punishing
creator deity, it does so regardless of other aspects of its religion but more as a reflection
of its social and political structure.
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Pygmejové pohledem
evolucéni biologie

Pavel Duda

Pygmejové vzdy ptitahovali pozornost biologii, snad pro to, Ze jsou jednou z mala lidskych
populaci, které Ize definovat pomoci fyzickych znakt spiSe nez na zaklad¢ sdilené¢ho jazyka ¢i
kultury. Navic jsou pygmejové tradi¢né¢ vnimani jako velmi stara skupina lidstva, u které se z
velké Casti zachoval plvodni zplisob zivota naSich lovecko-sbérac¢skych predkii. VétSina
fenotypu, nebo jejich populaéni historii.

Tato kapitola se zabyva populacni historii stiedoafrickych pygmejt a asijskych negritii
a také zdhadou pivodu vymielych trpasli¢ich lidi z ostrova Flores v Indonésii. Otazka, do jaké
miry sdileji trpasli¢i populace spolecnou historii, je dilezitd pro zodpovézeni dalSich otazek.
Co stélo za vznikem unikatnich fyzickych znakl a zplisobem Zivota, které pygmeje definuji?
Je pygmejsky fenotyp adaptaci? A pokud ano, k ¢emu slouzi? Jak je tato adaptace podminéna
geneticky?

Kdo jsou pygmejové

Jak paleoantropologické vyzkumy, tak populacné-genetické analyzy jednoznacné potvrzuji roli
afrického kontinentu coby ,.kolébky lidstva“. Afrika je mistem, kde vyvoj lidské kmenové linie
(hominini) vyustil ve vznik moderniho ¢lovéka (Homo sapiens) pied priblizné 200 tisici lety a
odkud moderni lidé expandovali do zbytku svéta béhem poslednich zhruba 100 tisic let. Lidsky
druh existoval na africkém kontinenté dlouho pted tim, nez se rozsifil na ostatni kontinenty,
coz vyustilo ve vysokou genetickou diverzitu dnesnich Africani ve srovnani s ostatnimi
lidskymi populacemi.® Tato genetickd rozmanitost koresponduje s vysokou kulturni
rozmanitosti. V Africe dnes Zije vice nez 2000 etnolingvistickych skupin, bezmala tietina jejich
celkového poctu. Africka etnika Ize rozdé€lit do péti hlavnich skupin, z nichz ¢tyfi spadaji do
jednotlivych jazykovych rodin. Jsou to jihoafri¢ti mluvci khoisanskych jazykt, mluvEi nigero-
kordofanskych jazykd (mezi které patii také Bantuové) tvofici vétSinu cCernoSského
obyvatelstva subsaharské Afriky, vychodoafricti mluvci nilo-saharskych jazykt a mluvéi afro-
asijskych jazykli obyvajici severni Afriku a ¢ast Arabského poloostrova. Posledni skupinu
predstavuji  pygmejové. Geografické rozsifeni jazykovych skupin piekvapivé dobie
koresponduje s popula¢né genetickou strukturou populace kontinentalni Afriky. Nejnapadné;si
vyjimku v tomto sméru predstavuji pravé pygmejové, kteii jsou jazykoveé nesourodi, ale pfitom
jasné vymezeni geneticky (obr. 4).

1 Campbell, M. C. — Tishkoff, S. A.: The evolution of human genetic and phenotypic variation in Africa. Current
Biology 20, 2010, s. R166-R173.
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® khoisanska

@ nigero-kordofanska

© nigero-kordofanska
(bantuské jazyky)

® nilo-saharska

® afro-asijska

Obr. 4 Srovnani geografické distribuce C¢tyf africkych jazykovych rodin na zékladé
Greenbergovy Klasifikace (vlevo) a péti ancestralnich, popula¢né-genetickych komponent
vramci afrického kontinentu (vpravo). Komponenty v oblasti stiedni Afriky, narusujici
celkovou shodu mezi jazyky a geny, odpovidaji vychodnim a zapadnim pygmejim a tvofi
geneticky celek s komponentou odpovidajici jihoafrickym Khoisanim.

Africti pygmejové obyvajici Konzskou panev se primarné déli na dvé skupiny, vychodni
a zapadni. Zapadni pygmejové Ziji na zapad€ Konzské panve (od Kamerunu po zépadni ¢ast
Demokratické republiky Kongo, DRK) v poc¢tu zhruba 55 tisic a zahrnuji fadu skupin, mezi néz
patii napiiklad Akéa, Baka, Bedzan ¢i Bongo. Vychodni pygmejové, souhrnné oznafovani
Mbuti, Ziji v oblasti Ituri na severovychodé Konzské DR v poétu zhruba 30 tisic.? Dale existuji
jeste periferni, izolované populace pygmeji nazyvané Twa nebo Cwa v centralni ¢asti DRK,
ve Rwandé a Burundi.

Pygmejové jsou morfologicky, jazykové i kulturné pomérné riznorodou skupinou.
Variabilita primérné vysSky mezi populacemi je znacna, vychodni pygmejové jsou mensi
(primérnd muzska vyska je 144-145 centimetrii u vychodnich a 152-155 centimetrii u
zapadnich pygmeji). Mbuti maji také o néco svétlejsi plet a uzsi nos.® Jednotlivé skupiny
vychodnich a zépadnich pygmeji mluvi jazyky nélezicimi k nigero-kordofanské
nebo nilo-saharské jazykové roding, pticemz jejich geneticka ptibuznost a piibuznost jazyk,
kterymi hovofi, spolu ¢asto nekoresponduje. Zdaleka ne vSichni africti pygmejové se Zivi pouze
lovem a sbérem, nékteti se vénuji téz farmareni a rybolovu. Navzdory propojeni jejich lovecko-

2 Batini, C. et al.: Insights into the demographic history of African Pygmies from complete mitochondrial genomes.
Molecular Biology and Evolution 28, 2011, s. 1099-1110.

% Destro-Bisol, G. et al.: The analysis of variation of mtDNA hypervariable region 1 suggests that Eastern and
Western Pygmies diverged before the Bantu expansion. American Naturalist 163, 2004, s. 212-226.
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sbérac¢ské ekonomiky s ekonomikou nové pfichozich pastevcl a zemédélcli si mnoha
pygmejska etnika zachovala svou kulturni identitu.*

Dnesni ostravkovité rozsiteni pygmeju je patrné reliktni, siln¢ redukované v disledku
expanzi nigero-kordofanskych a nilo-saharskych pastevct a zemédélct v oblasti subsaharské
Afriky a také arabské expanze v oblasti Sahary. Dikazy pfitomnosti pygmeji mimo oblast
jejich soucasného rozsiteni poskytuji staroegyptské dokumenty z 23. stoleti pf. n. 1. Svéd¢i o
tom, ze stafi Egyptané byli v kontaktu s trpasli¢im kmenem Aké (pozoruhodné je shoda nazvu
s dnes existujici populaci
zépadnich pygmejli) zijicim v zemi zvané Punt, v oblasti horniho toku Nilu. Lingvisticka a
etnografickd data svédci o tom, ze pygmejové Zili v oblasti jizniho Sudanu jeste pred arabskou
invazi, na konci prvniho tisicileti n. 1.°

S vyuzitim informaci zalozenych na kombinaci genetickych, etnografickych,
archeologickych a paleoekologickych dat dokazeme vytvofit nastin populacni historie
africkych pygmejt, samoziejmé s védomim, ze spoustu véci dosud nevime.

Populacni genetika a molekularni fylogenetika sehraly kli¢ovou roli v pochopeni mnoha
aspektli davné populacni historie lidstva, pficemz oba tyto obory prosly v uplynulych
desetiletich z4dsadni proménou. Populaéné-geneticky vyzkum zacal v 70. letech studiem tzv.
klasickych polymorfismt (napi. krevnich skupin), jejichz analyza umoznovala stanovit
piibuznost studovanych populaci. S nastupem automatického sekvenovani a PCR® koncem 80.
let nastoupila éra vyzkumu tzv. uniparentalné¢ dédi¢nych markerd — mitochondrialni (mtDNA)
a Y-chromozomalni DNA.” Technologicky pokrok v poslednich zhruba deseti letech pak
umoznil takika rutinné vyuzivat data zalozend na skenovani celych genomt a stovek tisic
markert, zejména tzv. jednonukleotidovych polymorfismu (single-nucleotide polymorphisms;
SNP) a mikrosatelitd (short tandem repeats; STR). Ziskana genomicka data jsou dnes k
dispozici pro zvysujici se pocet lidskych populaci (etnik), pfi¢emz mnoha z téchto dat jsou
vefejné pristupna (napf. projekty Human Genome Diversity Project nebo 1000 Genomes
Project).

Dnes dostupné analyzy umoziuji na zakladé vypoctu fixacnich koeficientti rozdélit
studovany soubor populaci na pfedem definovany pocet populacné-genetickych komponent.
Takovému programu mizeme polozit otazku: ,,Pokud by se soubor zahrnujici stovky jedinci z
desitek lidskych populaci reprezentujicich lidstvo délil na dvé skupiny, které by to byly? A co
kdyby se délil na pét, na 10 nebo na 20?* Program provede ve studovaném souboru populaci
pomyslné fezy a efektn€ a piehledné popiSe jejich hierarchickou strukturu. Z vysledk téchto
analyz plyne, Ze lidstvo se primarn¢ déli na africké a mimoafrické. Afrika se z populacné-
genetického hlediska déli na subsaharskou a severni, ktera nalezi k zapadni Eurasii. V ramci
subsaharské Afriky pak pygmejové predstavuji, spolu s mluvéimi khoisanskych jazykt, jednu

4Verdu, P. — Destro-Bisol, G.: African pygmies, what’s behind a name? Human Biology 84, 2012, s. 1-10.

5 Cavalli-Sforza, L. L. et al.: The History and Geography of Human Genes. Princeton University Press, Princeton
1994, s. 158-194.

6 Polymerazova fetézova reakce, PCR, je metoda rychlého a snadného zmnozeni useku DNA zaloZen4 na principu
replikace nukleovych kyselin, pozn. autora.

" Mitochondrialni DNA se d&di po matetské linii, zatimco tzv. nerekombinujici se isek chromozomu Y se d&di po
otcovske linii. V dusledku poskytuje, v nekterych piipadech, kazdy z téchto markerd ponékud odlisny obrazek
populacni historie.
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ze dvou hlavnich populacné-genetickych komponent. To naznacuje, Ze pygmejové skutecné
patii mezi nejstarsi skupiny soucasného lidstva.®®

Mluv¢i khoisanskych jazykt, predevsim lovecko-sbéracské kmeny z jihozapadni Afriky
jako namibijsti Ju’hoansi (diive nazyvani Kfovaci a !Kungové), vychazeji ve fylogenomickych
analyzach jako bazalni lidska populace. K jejich oddéleni od kmenové linie souc¢asného lidstva
doslo podle vétsiny studii pred vice nez 100 tisici lety.'® Stiedoafriéti pygmejové jsou skupinou,
ktera se od kmenové linie lidstva oddé€lila po Khoisanech, piipadné piimo jako sesterska
skupina Khoisant, piicemz k této divergenci doslo v kazdém ptipad¢ davno, pied vice nez 60
tisici lety.!!

Populac€ni historie pygmejt

Existuji tfi hlavni teorie o vzniku stfedoafrickych pygmejt. Prvni teorie, jejimz autorem je
francouzsky antropolog Jean Hiernaux, pfedpoklada, ze ,,pygmejsky fenotyp je vysledkem
dlouhodobého a nezéavislého ptizplisobovani se prostiedi tropickych destnych lest u nékolika
nepfibuznych skupin stfedoafrickych lovcii-sbéraci.'? Druha teorie, jejimz autorem je italsky
populaéni genetik Luigi Luca Cavalli-Sforza, ptredpoklada, ze pygmejové diive tvotili v ramci
sttedni Afriky viceméné spojitou populaci. K rozdéleni na vychodni a zdpadni pygmeje doslo
az po prichodu zemé&d¢€lci. Navzajem izolované populace se pak nasledkem dlouhodobych
stykl s nové pfichozimi etniky rozriznily jazykové, geneticky i fenotypové, pficemz vychodni
pygmejové Mbuti se nejméné odchylili od piivodniho stavu.’?

Posledni teorie klade vznik pygmejli do relativné neddvné minulosti, pfed méné nez
4000 lety, pti¢emz piedpoklada, Ze jsou potomky specializovanych lovecko-sbéracskych ,kast*
bantusky a ubangijsky mluvicich zemé&dglct.* Tato teorie vlastné ika, e kamerunsti a konzsti
pygmejové se vuci sobé maji asi jako ceSti a némecti myslivei, coz ale neni pftili$
pravdépodobné, protoze zatimco populace zeméd€lct je pomérné geneticky homogenni,
pygmejoveé vykazuji znacnou genetickou diverzitu. Navic geneticky nejptibuznéj$i populaci
libovolného pygmejského kmene neni témér nikdy sousedici kmen zeméd¢lct (vyjimkou jsou

8 Rosenberg, N. A. et al.: Genetic structure of human populations. Science 298, 2002, s. 2381-2385.

9 Tishkoff, S. A. et al.: The genetic structure and history of Africans and African Americans. Science 324, 2009,
s. 1035-1044.

10 Schlebusch, C.M. et al.: Genomic variation in seven Khoe-San groups reveals adaptation and complex African
history. Science 338, 2012, s. 374-379.

11 Verdu, P. et al.: Origins and genetic diversity of pygmy hunter-gatherers from western central Africa. Current
Biology 19, 2009, s. 312-318.

12 Hiernaux, J.: Long-term biological effects of human migration from the African savanna to the equatorial forest:
a case study of human adaptation to a hot and wet climate. In: Harrison, G. A. (ed.): Population structure and
human variation. Cambridge University Press, Cambridge 1977, s. 187-217.

13 Cavalli-Sforza, L. L.: African pygmies: an evaluation of the state of research. In: Cavalli-Sforza, L. L. (ed.):
African pygmies. Orlando Academic Press, Orlando 1986, s. 361-426.

14 Blench, R.: Are the African pygmies an ethnographic fiction? In: Biesbrouck, K. — Elders, S. — Rossel, G. (eds.):
Central African hunter-gatherers in a multidisciplinary perspective: challenging elusiveness. CNWS, Universiteit
Leiden, Leiden 1999, s. 41-60.
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nekteré populace zdpadoafrickych pygmeji Bongo blizce piibuzné bantuskym kmenim Nzebi
a Teke).

Soucasné znalosti svéd¢i pro kombinaci prvniho a druhého scénafe (obr. 5). Po
rozdéleni sttedoafrické populace na predky pygmeji a predky nigero-kordofanskych farmaia
pred zhruba 60 tisici lety se obé populace vyvijely vice méné nezavisle. K omezenému toku
genli mezi nimi dochazelo v poslednich 40 tisicich let. Populace piedkti bantuskych farmait
pritom zacala pozvolna riist uz pred vynalezem zemédélstvi, zatimco populace predki pygmeja
ziistavala az do doby svého rozdéleni viceméné konstantni.*®

Populace vychodnich a zapadnich pygme;jt sdileji pouze staré alely®, z ¢ehoz vyplyva,

ze k jejich rozdéleni doslo zifejmé davno pred bantuskou expanzi. Na zaklad¢ archeologickych
nalezi a paleobotanickych dat, svéd¢icich o existenci pralesnich lovcl-sbéract v oblasti Ituri
pred 18 tisici lety, bylo stanoveno minimélni stafi této divergence.'’” Molekularni datovani (na
zékladé mitochondridlni DNA i genomickych dat) poskytuje jesté starsi odhady, okolo 27 tisic
let, které se prekvapivé dobie kryji s nastupem vrcholné faze posledni doby ledové (tzv.
glacialniho maxima) pted 26,5-19 tisici lety, ktera byla spojena s dramatickou redukci rozlohy
afrického destného lesa.’® Dnesni arealy zapadnich a vychodnich pygmeji spadaji do oblasti,
kde se v tomto obdobi nachézela pralesni refugia, byt’ o jejich pfesné poloze a rozloze se vedou
spory. To by znamenalo, Ze kontinuita jejich zplisobu Zivota nebyla pferuSena po desitky tisic
let, navzdory klimatickym zménam.
Pozd¢ji byla pygmejska populace siln€é ovlivnéna expanzi bantusky mluvicich zemédélct.
Bantuska expanze piedstavovala jednu z nejvyznamnéj$ich migrac¢nich udalosti v historii
lidstva spojenou s §ifenim jazyka, kultury, technologie a v neposledni fadé genti. Bantuska
expanze, podnicend vznikem zeméd¢lstvi a ve svych pozdéjsich fazich podpofena znalosti
zelezné metalurgie, zapocala pted zhruba 5000 lety v oblasti na hranicich jizni Nigérie a
zapadniho Kamerunu. Odtud se mluv¢i bantuskych jazyka Sifili sub-saharskou Afrikou, az
nakonec dosahli jihu afrického kontinentu né€kdy v patém stoleti naseho letopoctu. Zemédelstvi
a s nim spojend produkce potravin umoziuje Zivot v mnohem vyssich populacnich hustotach
nez lov a sbér. Zemédélci tak nad lovci a sbéraci rychle ziskali demografickou prevahu.
Populace zapadnich i vychodnich pygmeji se postupné zmenSovala jiz od posledni doby
ledové, ale ptichod bantuskych zemédélct vedl v obou téchto populacich k dramatickému
,.bottlenecku<.1%%0

Hlavni trasa bantuské expanze vedla skrze pralesy Konzské panve. Pied asi 2000 lety
dospéli mluvei bantuskych jazykl k jiznimu okraji konZzského pralesa, odkud pak v rychlém
sledu osidlili lesostepni oblasti jizni a vychodni oblasti subsaharské Afriky, od Keni po

15 Verdu, P. et al.: Origins and genetic diversity of pygmy hunter-gatherers from western central Africa. Current
Biology 19, 2009, s. 312-318.

16 Formy genti. Kazdy gen se miize vyskytovat v jedné nebo vice formach (alelach), pozn. autora.

17 Mercader, J.: Forest people: the role of African rainforests in human evolution and dispersal. Evolutionary
Anthropology 11, 2002, s. 117-124.

18 Destro-Bisol, G. et al.: The analysis of variation of mtDNA hypervariable region 1 suggests that Eastern and
Western Pygmies diverged before the Bantu expansion. American Naturalist 163, 2004, s. 212-226.

19 Tzv. efekt hrdla ldhve nastavajici pti prudkém zmenSeni populace, které nevyhnutelné vede k vymizeni
nékterych alel, a tedy k poklesu genetické diverzity, pozn. autora.

20 Batini, C. et al.: Insights into the demographic history of African Pygmies from complete mitochondrial
genomes. Molecular Biology and Evolution 28, 2011, s. 1099-1110.
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Jihoafrickou republiku. Do zapadni oblasti rovnikové Afriky tedy zemédé€lstvi dospélo
podstatné diive nez do vychodni ¢asti. Proto se 1iSil také dopad na ptivodni lovce-sbérace zijici
na vychod¢ a na zapad¢, predevsim mira jejich kulturni a genetické asimilace.

Vychodni pygmejové nebyli bantuskou expanzi zasazeni tak siln€¢ jako zapadni
pygmejové. V genomickych analyzach vychdzeji Mbuti jako skupina pygmeji nejblizsi
Khoisantim, coZ je dano tim, Ze u nich nedoslo k silné introgresi?! genti nigero-kordofanskych

cv v

%), nejvyssi naopak zapadni pygmejové Bedzan (54 %).2? Podobné vysledky plynou i z analyz

mitochondridlni a Y-chromozomalni DNA.?*?* Tento fakt odrazi i vng&jsi morfologie
vychodnich pygmejt, kterd v nékterych aspektech (svétlejsi plet’, uzsi nos) pfipomina
Khoisany, v jinych (mimotadné drobna postava) je zase specificky pygmejska.

Oblast rozsifeni zapadnich pygmeji sousedi s mistem vzniku bantuskych jazykl a
postupovala tudy bantuska expanze. Jeji dopad na mistni pygmeje byl tudiz velmi vyznamny.
Expanze vedla pted zhruba 2800 lety k dodate¢né fragmentaci a izolaci pygmejskych populaci
Zijicich v oblasti zapadni rovnikové Afriky.?® Mistni populace je dnes geneticky pomérné
homogenni. Pfevazuji v ni mladé Y-chromozomalni haploskupiny spojené s bantuskou expanzi
(zejména E1bla a B2a).?® Pfesto maji zapadni pygmejové vyssi genetickou diverzitu neZ mistni
bantuské populace a jejich Y-chromozomalni genomy stale obsahuji bazalni haploskupiny jako
A a B2b typické pro Khoisany. Jednotlivé kmeny zdpadnich pygmeju také vykazuji vyssi
vzajemnou pFibuznost na zékladé Y-chromozomalnich gentl nez na zakladé jadernych gent.?’

Y-chromozomalni genomy zapadnich i vychodnich pygmejt obsahuji vysoké frekvence
starych haploskupin, které sdili s jihoafrickymi Khoisany (haploskupina B2b, pfitomna
Vv nejvyssich frekvencich u namibijskych Ju|’hoansi). Pfes vyznamny dopad bantuské expanze
tedy dokdzeme pfinejmensim Vv nékterych castech genomi pygmeji nalézt stopy davnych
piibuzenskych vztaht k lovcim a sbéra¢lim z jizni a vychodni Afriky. Naproti tomu jejich
mitochondrialni genomy?® se od sebe zna¢né ligi. Sdileni starych Y-chromozomélnich
haploskupin mezi zapadnimi a vychodnimi pygmeji a Khoisany kontrastuje se sdilenim starych
mitochondridlnich haploskupin mezi zapadnimi pygmeji a bantuskymi zemédélci. Odlisné
vysledky plynouci z analyz Y-chromozomalnich a mitochondridlnich genomi jsou zptisobeny

2L Tok genli mezi jiz difve izolovanymi populacemi v diisledku hybridizace (zpétného kiizeni), pozn. autora.

22 Tishkoff, S. A. et al.: The genetic structure and history of Africans and African Americans. Science 324, 2009,
s. 1035-1044.

23 Destro-Bisol, G. et al.: The analysis of variation of mtDNA hypervariable region 1 suggests that Eastern and
Western Pygmies diverged before the Bantu expansion. American Naturalist 163, 2004, s. 212-226.

24 Quintana-Murci, L. et al.: Maternal traces of deep common ancestry and asymmetric gene flow between Pygmy
hunter-gatherers and Bantu-speaking farmers. Proceedings of the National Academy of Sciences of the USA 105,
2008, s. 1596-1601.

%5 Verdu, P. et al.: Origins and genetic diversity of pygmy hunter-gatherers from western central Africa. Current
Biology 19/4, 2009, s. 312-318.

% Berniell-Lee, G. et al.: Genetic and demographic implications of the Bantu expansion: insights from human
paternal lineages. Molecular Biology and Evolution 26, 2009, s. 1581-1589.

27 Coia, V. et al.: Binary and microsatellite polymorphisms of the Y-chromosome in the Mbenzele pygmies from
the Central African Republic. American Journal of Human Biology 16, 2004, s. 57-67.

2 Haploskupina je skupina haplotypti, kombinace alel odkazujici na specifické misto na chromozomu, pozn.
autora.
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demografickymi procesy, které vedou k asymetrickému toku genli mezi sousedicimi
bantuskymi zeméd¢lci a zapadopygmejskymi lovci-sbéraci.

Zatimco smiSené siatky mezi bantuskymi muzi a pygmejskymi zenami jsou pomérné

bézné, k opacnym situacim dochdzi jen ziidka. Proto se staré, typicky pygmejské
mitochondrialni haploskupiny (napi. Llcl) vyskytuji i v genomech bantuskych zemédélci,
zatimco typicky bantuské mitochondrialni haploskupiny v genomech pygmeji témér
nenachazime.?® K introgresi bantuské Y-chromozomalni DNA dochézelo skrze nemanzelské
styky s pygmejskymi zenami i skrze uzavirani legitimnich smiSenych siatkt. Pygmejské Zeny
jsou mezi bantuskymi muzi zadané pro svou vysokou plodnost a nizkou cenu za nevéstu. Mira
introgrese bantuskych geni byla zjevné ovlivnéna kulturnimi zvyklostmi a ekonomikou
jednotlivych pygmejskych etnik, jakoz i jejich postojem viici smiSenym snatkim.
O rtizné mife sexualné¢ asymetrického toku genii mezi bantuskymi a pygmejskymi populacemi
svédCi to, ze ackoli se ,bantuska” Y-chromozomalni haploskupina Elbla vyskytuje v
genomech pygmeji pomérné hojné, jeji frekvence se mezi riznymi skupinami zapadnich
pygmejti znaéné lisi (25-55 %).3° Nejméné geneticky asimilovani mezi zapadnimi pygmeji jsou
Baka, zndmi svou endogamii a odmitavym postojem vici smiSenym siatkim. Zatimco siatky
pygmejskych Zen a bantuskych muzii jsou obvykle piipustné, siatky pygmejskych muzi a
bantuskych Zen jsou zpravidla tabu. Existuji vSak vyjimky, naptiklad u gabonskych pygmejii
kmene Bongo se vyskytuji oba typy snatkd.

Po stopach zaniklého jazyka pygmeju

Vice o populacni historii pygmejskych etnik by mohly napovédét jejich jazyky, zde ovSem
nardZime na problém akulturace. Pygmejové sviij plivodni jazyk ztratili v disledku kontaktu

s nove¢ prichozimi zemé&délskymi etniky. Kazda z jejich skupin dnes hovoii odliSnym jazykem
patticim bud'to do nigero-kordofanské jazykové rodiny (jazyky bantuské a ubangijské), nebo
nilo-saharské jazykové rodiny (jazyky centralni stdanské vétve). VétSina pygmeji hovoii
jazykem nebo dialektem jazyka nékteré ze sousedicich skupin farmait.

Absence piibuznosti mezi jazyky, jimiz pygmejové mluvi, je vskutku zardzejici.
Nejnapadnéjsi jsou v tomto sméru vychodni pygmejovéMbuti.Mbuti zahrnuji tfi sousedici
skupiny — Asua, Efé a Sua geneticky stézi odlisitelné a sdilejici fadu kulturnich znaku, nikoli
vSak jazyk. Zatimco Efé hovoii lese — jazykem sousednich farmati, ktery patii do centralni
sudanské vétve nilo-saharskych jazykl, Asuové maji vlastni jazyk, ktery je lese piibuzny.
Suoveé hovoti dialektem bantuského jazyka lega. Mbuti tedy hovofi ttemi rozdilnymi jazyky
patticimi do dvou jazykovych rodin. Je vlastné s podivem, Ze si udrzeli mnohé ze své ptivodni
kultury 1 genetickou ptibuznost k jihoafrickym lovctim-sbérac¢tim.

Navzdory této situaci se nékteré studie pokusily uspésné identifikovat v dnesSnich jazycich
pozustatky ptvodniho pygmejského jazyka. Zapadopygmejskd etnika Aka a Baka mluvi

2 Batini, C. et al.: Phylogeography of the human mitochondrial L1c haplogroup: genetic signatures of the
prehistory of Central Africa. Molecular Phylogenetics and Evolution 43, 2007, s. 635-644.

30 Berniell-Lee, G. et al.: Genetic and demographic implications of the Bantu expansion: insights from human
paternal lineages. Molecular Biology and Evolution 26, 2009, s. 1581-1589.
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vzajemné nesrozumitelnymi jazyky. Aka mluvi bantuskymi jazyky skupiny ngondi-ngiri a
Baka mluvi ubangijskym jazykem skupiny Gbanzili. Kdybychom se snazili o ptimér, fekli
bychom, ze jsou si ptibuzné asi jako CeStina a hindstina. Navzdory minimalni interakci jejich
mluvcich sdileji tyto jazyky vice nez 20 % svych slovnikl. Témét 90 % sdilenych slov se tyka
lovecko-sbéracskych aktivit. Jde o slova specializovaného slovniku popisujici lesni produkty,
floru a faunu (slova jako krev ¢i vceli vosk a nazvy pralesnich zvifat, jako jsou kreckomys,
Stetkoun €1 poto) a dale chovani zvifat a lovecké techniky. Zbylych 10 % slov se vztahuje ke
spolecenskym aktivitam, hudbé¢, ritudltim a ndbozenstvi.

Spolecny specializovany slovnik je nepochybné pozistatkem jazyka, kterym hovotili
predkové pygmeji Ak4d a Baka pfedtim, nez byl jejich areal rozdélen, a kazda skupina
adoptovala odlisny jazyk nové ptichozich zeméd¢€lct. Existence poztistatkll spole¢ného jazyka
ukazuje na nepferuSenou existenci tradi¢niho lovecko-sbéracského zptisobu Zivota opirajiciho
se o znalost tropického destného lesa. Pivodni zplsob zivota spole¢nych predkt pygmeja Aka
a Baka byl zfejmé v mnohém podobny tomu souéasnému. !

Otazka, jaky byl piivodni jazyk pygmejti, zlstane zfejmé navzdy nevyieSend. Integrace
nigero-kordofanskych a nilo-saharskych jazyka byla pfilis dukladna. Na zakladé genetické
ptibuznosti pygmeju a jihoafrickych lovci-sbéraci a studia hudby, coby ,.druhého jazyka“,
muzeme pouze spekulovat o piibuznosti zaniklych pygmejskych jazykid s dne$nimi
khoisanskymi jazyky.3?

Na dnesni populaci africkych pygmejt se tedy podepsaly postupné geografie afrického
kontinentu, pozd¢ji klimatické zmény a v posledni fazi demografické a socio-kulturni procesy,
které vedly k setfeni mnohych stop jejich spole¢né populacni historie. Vznik a populacni
diferenciace africkych pygmejl jsou vSak zjevné staré a bantuskéd expanze vedla pouze k vétsi
fragmentaci jiz rozdélené populace. Vzhledem k dlouhé nezéavislé historii jednotlivych populaci
sttedoafrickych pygmejt byl na vznik paralelnich adaptaci dostatek ¢asu.

Asijsti ,,pygmejové*

Soucasna populacné-geneticka struktura obyvatel afrického kontinentu se zacala formovat
dlouho piedtim, nez se prvni moderni lidé vydali do Eurasie. Kdyz se tak stalo, jejich cesta
vedla nejprve na vychod po jiznim pobiezi Asie. Snaze se migruje v rdmci jednoho podnebného
pasu a cesta na vychod pfedstavovala cestu nejmensiho odporu. V obdobi pred 6040 tisici lety
lovci-sbéraci kolonizovali v pomérné rychlém sledu jizni a jihovychodni Asii, Indonésii,
zapadni Melanésii a Australii, ktera toho Casu tvofila spolu s Papuou-Novou Guineou a
Tasmanii jediny kontinent nazyvany Sahul.®® Tato rand migrace modernich lidi ubirajici se
takzvanou ,,jizni cestou* vedla ke vzniku trpasli¢ich etnik, jejichZ potomci dodnes prezivaji na
Andamanskych ostrovech, v Malajsii, Thajsku, Indonésii, na Filipinach, Papui-Nové Guineji a

31 Bahuchet, S.: Changing language, remaining pygmy. Human Biology 84, 2011, s. 11-43.

32 Tishkoff, S. A. et al.: The genetic structure and history of Africans and African Americans. Science 324, 2009,
S. 1035-1044.

33 Macaulay, V. et al.: Single, rapid coastal settlement of Asia revealed by analysis of complete mitochondrial
genomes. Science 308, 2005, s. 1034-1036.
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v severni Australii. Jejich souhrnné oznaceni negriti pochazi ze SpanélStiny (negrito je
zdrobnélina slova negro) a odkazuje k jejich drobné postave, tmavé pleti a kudrnatym vlastim,
diky kterym pusobili tito 1idé na evropské kolonisty v jihovychodni Asii pon¢kud nepatiicnym
dojmem. Jejich populaéni historie i zplsob zivota a souziti s nové pfichozimi zemédélskymi
etniky predstavuji ptisobivou paralelu africkych pygmejt.

Exemplarnim reliktem ptivodniho obyvatelstva jizni Asie se zdaji byt obyvatelé
Andamanskych ostrovli, souostrovi v Bengalském zalivu, které je pozlstatkem nékdejsiho
pevninského mostu mezi Myanmarem (Barmou) a Sumatrou. Andamanci jsou pobfezni a lesni
lovci-sbéraci drobné postavy (nejmensi mezi negrity) a velmi tmavé pleti.

Izolované haploskupiny v mitochondrialni DNA Andamancti naznacuji jejich
ptibuznost s ptivodnimi (kmenovymi) spolecnostmi jizni Indie a také novoguinejskymi a
australskymi domorodci.3* Fylogenetické analyzy zalozené na jadernych genech a SNP ukazuj,
ze Andamanci jsou piibuznéj$i dnesnim Asiatim nez Africanim, o jejich starobylosti a
vyluénosti v ramci jizni Asie v$ak neni pochyb.®*3® Divergence ¢isté andamanskych
mitochondridlnich haploskupin je pomérné nedédvnéd (zhruba 10 tisic let), coZ odpovida i
mladému archeologickému zaznamu na ostrovech (maximalné 2000 let). Dnesni Andamanci
tak mohou byt potomky staré, reliktni populace, kterd vSak Andamanské ostrovy osidlila
relativné nedavno odnékud z oblasti dne$niho Myanmaru.®” Na Andamanskych ostrovech Ziji
dnes Ctyfi populace negriti liSici se svym vzhledem 1 kulturou a hovofici izolovanymi jazyky,
snad vzdalen¢ ptribuznymi indopacifickym jazykiim, kterymi se dnes mluvi pfedevSim ve
vnitrozemi Papuy-Nové Guineje.*® Neni oviem jasné, jestli jsou si viechny andamanské jazyky
viibec ptibuzné.*

Dalsi populace asijskych negriti zije ve vnitrozemskych pralesich nedalekého
Malajského poloostrova v poctu méné nez 3000 jedinct. Tito lidé, oznaCovani exonymem
Semangové (slovo semang oznacuje v malajstin€ ¢loveka, ktery upadl do otroctvi kvili
dluhim®), tvofi jednu ze t¥i skupin piivodnich obyvatel poloostrova souhrnné nazyvanych
Orang Asli. Dalsimi dvéma jsou Senoi a Malajci, Melayu Asli.*! T#i skupiny Orang Asli se od
sebe 1isi vzhledem i zptisobem Zivota. Semangové jsou drobni, ¢erni a kudrnati. Jsou to ko¢ovni,
pralesni lovci-sbéraci, vyskytuji se pfedevsim v severni vnitrozemské ¢asti poloostrova. Senoi
jsou o néco vyssi postavy, maji svétlejsi plet’ a spiSe vinité vlasy. Jsou to viceméné usedle Zijici

34 Endicott, P. et al.: The genetic origins of the Andaman islanders. The American Journal of Human Genetics 72,
2003, s. 178-184.

% Thangaraj, K. et al.: Genetic affinities of the Andaman islanders, a vanishing human population. Current Biology
13, 2003, s. 86-93.

3 Chaubey, G. — Endicott, P.: The Andaman Islanders in a regional genetic context: reexamining the evidence for
an early peopling of the archipelago from South Asia. Human Biology 85, 2013, s. 153-171.

37 Barik, S. S. et al.: Detailed mtDNA genotypes permit a reassessment of the settlement and population structure
of the Andaman Islands. American Journal of Physical Anthropology 136, 2008, s. 19-27.

38 Whitehouse, P. et al.: Kusunda: an Indo- Pacific language in Nepal. Proceedings of the National Academy of
Sciences of the USA 101, 2004, s. 5692-5695.

39 Abbi, A.: Is Great Andamanese genealogically and typologically distinct from Onge and Jarawa? Language
Sciences 31, 2009, s. 791-812.

40 Lewis, M. P. (ed.): Ethnologue: Languages of the World. 16th Edition. SIL International, New York 2009.

41 Fix, A. G.: Malayan paleosociology: implications for patterns of genetic variation amongst the Orang Asli.
American Anthropology 97, 1995, s. 313-323.
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pralesni zemé&délci. Melayu Asli maji svétlou plet a rovné vlasy a zivi se farmatrenim, rybafenim
a obchodem. V¢tSinu obyvatel Malajského poloostrova pfitom dnes tvofi potomci
ekonomickych migrantt z Ciny, Indie a dal3ich oblasti, kteti se smisili s ptivodnimi obyvateli.

Klasicka teorie pfedpoklada nezavisly pivod a postupny ptichod téchto tii skupin na
Malajsky poloostrov, pficemz kazdd migrace vedla k c¢éasteénému nahrazeni plvodniho
obyvatelstva. Podle této teorie jsou Semangové, spolu s ostatnimi negrity, potomky davné
migrace lovcii-sbéracu trpasli¢iho vzristu, ktefi doputovali z Afriky pred vice nez 40 tisici lety.
Senoi odvozeni od indickych kmenovych spole¢nosti pfisli na Malajsky poloostrov pozdé;i,
pied zhruba 20 tisici lety. Melayu Asli pfisli z vychodni Asie jako posledni pied asi 4000 lety.
Alternativni teorie predpoklada vznik téchto skupin jako disledek lokalni diferenciace. Hranice
mezi nimi totiz neni nijak ostra a stejn¢ jako v ptipadé africkych pygmeji nenachazime jasnou
korespondenci mezi morfologii, jazykem a zplisobem Zivota.

Z genetickych analyz je patrné, ze jihovychodni Asie je tvofena komplikovanou a
mnohauroviiovou mozaikou rizné starych genetickych komponent jak lokalniho, tak
vychodoasijského plivodu. Ve fylogenetickych analyzach zaloZenych na mitochondrialni DNA
a pozd&ji SNP vychazeji Semangové jako bazalni skupina sesterskd ostatnim malajskym
etnikiim, ktera si v sobé uchovala nejvétsi podil genti ptivodnich obyvatel.*? Na druhou stranu
Semangové, stejné jako Andamanci, nejsou bliZe ptfibuzni ostatnim negritim nebo dokonce
africkym pygmejim nez Malajcim. MySlenku provéazanosti populacni historie jednotlivych
vrstev obyvatel Malajského poloostrova podporuje fakt, ze bezmala vSechna mistni etnika
mluvi vzajemné piibuznymi jazyky patficimi do jizni vétve austroasijské jazykové rodiny.

Dalsi skupiny negritt ziji na ostrovech filipinského souostrovi (naptiklad Agta a Aeta
na Luzonu, Ati na ostrové Panay a Mamamwa na Mindanau) a vSechny mluvi austronéskymi
jazyky. Vysledky genetickych studii ukazuji, Ze jde o skupiny volné distribuované mezi
jednotlivymi vétvemi mistniho obyvatelstva. Negriti z Andamanskych ostrovl, Malajského
poloostrova a Filipin si nejsou blizce piibuzni.**** Lisi se rovnéz svou morfologii. Zatimco
Andamanci a Semangové jsou svymi oblicejovymi rysy skute¢né podobni Africantim a sob¢
navzajem, filipinsti negriti jsou navzdory tmavé pleti a kudrnatym vlasim vice podobni
vychodnim Asiatim.*® Muze jit o disledek rizné intenzivniho miseni s nové piichozimi
skupinami obyvatelstva z vychodni Asie. O spole¢ném ptivodu a nékdejsi provazanosti téchto
populaci vSak sveéd¢i jejich kulturni podobnosti pretrvavajici navzdory tomu, ze kazda z téchto
skupin hovoii dnes jazykem odliSné jazykové rodiny. Pfedev§im negriti z Malajského

42 Hatin, W. I. et al.: Population genetic structure of peninsular Malaysia Malay sub-ethnic groups. PLoS One 6,
e18312, 2011.

43 The HUGO Pan Asian SNP Consortium, Mapping human genetic diversity in Asia. Science 326, 2009, s. 1541
1545.

4 Migliano, A. B. et al.: Evolution of the pygmy phenotype: evidence of positive selection from genome-wide
scans in African, Asian, and Melanesian pygmies. Human Biology 85, 2013, s. 251-284.

4 Bulbeck, D.: Craniodental affinities of Southeast Asia's "Negritos" and the concordance with their genetic
affinities. Human Biology 85, 2013, s. 95-133.
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poloostrova a Filipin vykazuji ndpadnou podobnost svych nabozenskych piedstav a
nabozenskych praktik.*64’

Negrity najdeme také v horach Papuy-Nové Guineje (napiiklad kmen Ok) a v tropickych
lesich severniho Queenslandu (kmen Barrinean). V rozporu s tradi¢ni teorii, ktera predpoklada,
ze jde o pifimé potomky prvni viny kolonizatorti Sahulu ptibuzné asijskym negritiim, jsou tito
lidé piibuznéjsi ,,vysokym* papuanskym, respektive australskym domorodctim.*®*® Vechny
doklady svédc¢i pro to, ze Sahul byl v pleistocénu kolonizovan pouze jednou a ze trpasli¢i vzrast
nekterych populaci je spiSe vysledkem lokalnich adaptaci. To vSak nic neméni na tom, ze jejich
populacni historie je velmi davna, sahajici do dob nejstarSiho osidleni této oblasti.

Zahada floreskych ,,hobit“

Dnesni trpasli¢i populace se zmensily nezavisle na sobé. To, Ze v lidské vyvojové linii existuje
tendence ke vzniku trpasli¢ich forem, pasobivé ilustruje kauza floreskych ,hobiti*, Homo
floresiensis. Objev malych, zjevné archaickych hominini v jeskyni Liang Bua na indonéském
ostrové Flores roku 2003 vzbudil senzaci a rozvifil neutuchajici debatu mezi paleoantropology
(obr. 6).°051

,»Hobiti“ byli vysoci asi 110 centimetrti a vazili okolo 26 kilogramd, tedy podstatné
mén¢ nez kterakoli ze soucasnych lidskych trpasli¢ich populaci. Nadto méli velmi maly mozek.
Objem jejich mozkovny, piivodnimi metodami stanoveny na 380 cm?®, pozdgji upraveny na 417
cm?®, mél velikosti mnohem blize k mozku $impanzi (cca 350 cm®) nez modernich lidi (cca
1300 cm?®).%2

Nalezy z jeskyné Liang Bua jsou staré pouhych 9513 tisic let. Homo floresiensis tedy
ptezival na Floresu jesté dlouho poté, co Homo sapiens kolonizoval Indonésii a Australii. O
tom, ze se moderni lidé museli s ,,hobity* setkat, svéd¢i nejen staii kosternich poztstatkl a
kamennych nastrojl v jeskyni, ale rovnéz v Malajsii a Indonésii rozsitené zkazky o pralesnich
trpaslicich. Na Sumatie jsou tito tvorové, dobfe znami kryptozoologim, nazyvani Orang
Pendek. Na samotném Floresu jim mistni fikaji Ebu Gogo (coz lze do Cestiny ptelozit jako
»Zrava stafena®). Tyto tidajné vécné hladové bytosti Zijici ve vnitrozemi ostrova chodi po

setméni do vesnic krast potraviny. N&kdy také unaseji mistni déti, aby se od nich naugily vafit.>

46 Tyto populace sdileji viru v boha hromu a soubor zd4nlivé arbitrarnich tabu, pii jejichz poruseni sesle tento biih
bouti na provinilce a jeho blizké, pozn. autora.

47 Blust, R.: Terror from the Sky: Unconventional Linguistic Clues to the Negrito Past. Human Biology 85, 2013,
s. 401-416.

48 Tommaseo-Ponzetta, M. et al.: Mountain pygmies of western New Guinea: a morphological and molecular
approach. Human Biology 85, 2013, s. 285-307.

4 McAllister, P. et al.: The Australian Barrineans and their relationship to southeast Asian negritos: an
investigation using mitochondrial genomics. Human Biology 85, 2013, s. 485-502.

S0 Brown, P. et al.: A new small-bodied hominin from the Late Pleistocene of Flores, Indonesia. Nature 431, 2004,
s. 1055-1061.

51 Lahr, M. — Foley, R.: Human evolution writ small. Nature 431, 2004, s. 1043-1044.

52 Falk, D. et al.: The brain of LB1, Homo floresiensis. Science 308, 2005, s. 242245,

53 Wong, K.: The littlest human. Scientific American 2, 2005, s. 56-65.
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Obr. 6 Floresky ,,hobit“, Homo floresiensis, podle rekonstrukce Johna Gurcheho.

Nemalou zahadou je uz sama pfitomnost ,,hobiti* na ostrové. Flores neni soucasti
asijského Selfu a zfejmé nikdy nebyl dosaZitelny po sousSi. Nejbliz§i spojeni s pevninou
predstavuje dnes 300 kilometri Siroky priiliv mezi Floresem a jiznim cipem Sulawesi.>**°

Homo floresiensis byl ptivodné povazovan za miniaturizovanou ostrovni formu Homo
erectus. Z nalezl néstroju vime, Ze populace homininil existovala na Floresu pied vice neZ 880
tisici lety. PfestoZe se kosterni pozlstatky jejich autori nedochovaly, pfedpoklada se, Ze §lo
prave o tento druh, ktery na sousedni Jave prezival do relativné nedavné doby, pted zhruba 150
tisici lety.%®

Kombinace staii nalezu, velikosti téla a malé mozkovny spolu s absenci podobnych
fosilii v kontinentalni Asii vSak vzbudila podezieni, ze Homo floresiensis neni samostatnym

lidskym druhem, ale populaci modernich lidi trpicich ristovou patologii ¢i genetickym

54V pleistocénu, kdy ,,velké Sulawesi* zahrnovalo i ostrov Selayar, byla §itka pralivu 80 kilometru. Fosilni zdznam
vsak dokazuje, Ze i velka zvifata, jako napiiklad sloni, se prileZitostné dokazala na Flores dostat, pozn. autora.

%5 Morwood, M. J. —Jungers, W. L.: Conclusions: implications of the Liang Bua excavations for hominin evolution
and biogeography. Journal of Human Evolution 57, 2009, s. 640-648.

% Indriati, E. et al.: The Age of the 20 meter Solo River terrace, Java, Indonesia and the survival of Homo erectus
in Asia. PLoS ONE 6, e21562, 2011.
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onemocnénim. Konkrétni podezieni padlo na mikrocefalii.>” ,,Spor o hobita“ byl, zejména v
prvnich letech po jeho objevu, velmi horky. Patologicka hypotéza byla opakované vyvracena a
znovu predkladdna na zdkladé srovndni morfologie ,hobita® s jinymi archaickymi lidmi,
dne$nimi lidoopy, pygmeji i mikrocefaliky.8,%

Ve svétle soucasnych poznatkii se vSak tato hypotéza nezda ptilis pravdépodobna.
,Hobiti* se totiz vyznacuji fadou pozoruhodnych morfologickych znaka, kterymi se zasadné
1i8i od Homo sapiens. Patii mezi né nezvykly tvar mozkovny, obli¢ejova morfologie, oblicej
bez vyrazné brady, tvar stolicek, stavba zapésti a t€lni proporce pfipominajici australopitéky a
rané africké zastupce rodu Homo.®° Pitom ne vSechny tyto znaky musi byt primitivni, ¢ast z
nich, zejména pozménéné télni proporce, miize byt naopak odvozena.®! U dnesnich
mikrocefaliki nicméné nic podobného nenachazime a ani u pygmejl se miniaturizace nepoji s
podobnymi evolu¢nimi reverzemi. Piedstava populace slozené vyhradné z postizenych jedinct
se specifickou nastrojovou kulturou a prezivajici na izolovaném ostrové po desitky ¢i stovky
tisic let je navic ponckud pfitazend za vlasy. Kosterni pozlstatky ,,hobitl* svéd¢i o tom, ze
vedli aktivni Zivot nepoznamenany fyzickym postizenim.®2

Mimotéadné drobny vzrist ,,hobitd* je spiSe piikladem tzv. ostrovniho nanismu. U zvirat
zijicich na ostrovech dochézi Casto ke zménam télesné velikosti oproti jejich na pevning Zijicim
protéjSkiim. Smér této zmény neni snadno predvidatelny (vedle ostrovniho nanismu existuje i
ostrovni gigantismus), efekt zavisi na velikosti ostrova a jeho odlehlosti. Vesmés plati, ze spise
mala zvirata se zvétSuji a spisSe velkd se zmensuji. Vysledkem téchto zmén jsou napiiklad obii
zelvy (Geochelone) ze souostrovi Galapag a Seychel nebo velké jestérky (Gallotia) z
Kandarskych ostrovii. Z nedavné minulosti zndme tfeba velkého nelétavého holuba dronteho
(Raphus) z ostrovaMauricius nebo velké labuté (Sygnus) a trpasli¢i slony (Elephas) ze
sttedomoftskych ostrovll. Nyni se k nim ptidal 1 trpaslici (pra)¢lovék z ostrova Flores. N¢kdejsi
floreska fauna ptedstavovala ptsobivou ukazku ostrovniho efektu v praxi. ,,Hobiti* sdileli
ostrov s trpasli¢cimi slony (Stegodon), velkymi ,krysami® (Papagomys), ¢apy marabu
(Leptoptilos) a obiimi varany (Varanus).®® Potravni vztahy uvniti tohoto bizarniho ekosystému
byly vskutku kontraintuitivni. Zatimco ,,hobiti* lovili zeyména velké hlodavce a ptileZitostné
téz mlad’ata slonli, sami se obcCas stavali kofisti ,.komodskych drakd“ a obfich marabu.
Homérova predstava pygmeji jako trpaslikti val¢icich s velkymi taznymi ptaky tak v pripadé
,,hobiti* dosla svého naplnéni.

5" P¥ipadné endemitni hypothyreoidalni kretenismus, Laroniv syndrom nebo Downtiv syndrom, pozn. autora.

%8 Aiello, L. C.: Five years of Homo floresiensis. American Journal of Physical Anthropology 142, 2010, s. 167—
179.

%9 Jacob, T. et al.: Pygmoid Australomelanesian Homo sapiens skeletal remains from Liang Bua, Flores: population
affinities and pathological abnormalities. Proceedings of the National Academy of Sciences of the USA 103, 2006,
S. 13421-13426.

0 Morwood, M. J. —Jungers, W. L.: Conclusions: implications of the Liang Bua excavations for hominin evolution
and biogeography. Journal of Human Evolution, 2009, s. 640-648.

81 Lyras, G. A. et al.: The origin of Homo floresiensis and its relation to evolutionary processes under isolation.
Anthropological Science 117, 2009, s. 33-43.

b2 Kaifu, Y. et al.: Posterior deformational plagiocephaly properly explains the cranial asymmetries in LB1: a reply
to Eckhardt and Henneberg. American Journal of Physical Anthropology 143, 2010, s. 335-336.

83 Varani, jako jedini zastupci nékdejsi floreské megafauny, prezili do dnesnich dnii na nedalekém ostrové Komodo
a prilehlych ostriiveich, pozn. autora.
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Dvé zbyvajici teorie o puvodu Homo floresiensis piedpokladaji, ze byl samostatnym
druhem ¢lovéka, bud'to extrémné miniaturizovanym, odvozenym od Homo erectus, nebo ne tak
dramaticky miniaturizovanym, zato vSak velmi bazalnim oddélenym kdesi na tirovni ranych
africkych zastupcii rodu Homo nebo dokonce australopitékli. Obé tyto moznosti jsou svym
zpusobem senzacni.

Pro prvni z téchto hypotéz svédc¢i zejména fylogenetickd analyza morfologickych znak,
ktera fadi ,,hobita“ do ptibuzenstvi druhtt Homo habilis a Homo rudolfensis. To by znamenalo,
7e k oddéleni jeho piedki od linie hominini doslo pied zhruba dvéma miliony let.®* To s sebou
vSak nese nutnost velké migrace ranych africkych lidi ptes Asii, kterd po sobé nezanechala
stopy.

Hlavnim argumentem proti druhé z hypotéz bylo to, ze mozek Homo floresiensis byl
prilis maly, nez aby mohl vzniknout druhotnou miniaturizaci mozku Homo erectus. Nové
méfeni objemu mozkovny ,hobita“ s vyuzitim pocitaové tomografie vSak ukézalo, ze
ptedchozi odhady byly podhodnocené a objem jeho mozkovny byl ve skute¢nosti vétsi, asi 426
cm?®. Navic Homo erectus se v ramci svého arealu rozsifeni vyznacoval znacnou velikostni
variabilitou a ,,hobita® je tieba srovnévat s jeho hypotetickym predkem, tedy ranym javskym
Homo erectus, ktery byl o néco mensi, nez byl velikostni priimér tohoto druhu, a mél také mensi
mozek. Rozdil ve velikosti mozku javského a floreského ¢loveka je zEasti disledkem celkového
zmenseni. Zbylou &ast rozdilu je nutné vysvétlit jinym zpisobem.®®
Byt to nebyva pravidlem, k relativnimu zmenseni mozku vuci velikosti téla u ostrovnich
trpaslikit obCas dochazi. Prokazateln¢ se tak stalo u vymielého madagaskarského hrocha
Hippopotamus lemerlei a u ,,kamzika“ Myotragus balearicus, ktery il na ostrové Mallorca.%® %’
ZmenSeni mozku, organu s vysokymi energetickymi néroky, mohlo piedstavovat dodate¢nou
adaptaci k Zivotu na ostrovech vyznacujicich se vzhledem ke své omezené rozloze casto
menSim mnozstvim potravy. Nékdy mohlo byt zmenSeni mozku také dusledkem absence
predatori, diky ¢emuz bylo mozné ,,0Zelet” bystré smysly. V piipad¢ ,.hobitd* neni jasné,
kterou ¢ast svych kognitivnich schopnosti ,,0bétovali“ vyménou za niz§i energetickou
naro¢nost svych mozku. Na Floresu byli pfitomni velci predatofi a kamenné nastroje spojované
s Homo floresiensis nejsou oproti nastrojim Homo erectus nijak napadné zjednodusené.®

Ptestoze moznost, Ze floresti ,,hobiti trpéli genetickym onemocnénim, dnes nelze zcela
vylou¢it, mnozstvi dikazii naznacuje, ze Homo floresiensis byl samostatnym druhem ¢lovéka,
u né¢hoz redukce télesné velikosti (a velikosti mozku) pfedstavovala adaptaci k Zivotu v
ostrovnim ekosystému. Hobiti tak s nejvetsi pravdépodobnosti nemaji nic ptimo spole¢ného se
soucasnymi trpasli¢imi populacemi. Pfipady africkych pygmeji, asijskych negritt a floreskych

& Argue, D. et al.: Homo floresiensis: a cladistic analysis. Journal of Human Evolution 57, 2009, s. 623-639.

8 Kubo, D. et al.: Brain size of Homo floresiensis and its evolutionary implications. Proceedings of the Royall
Society B 280, 20130338, 2013.

8 Weston, E. M. — Lister, A. M.: Insular dwarfism in hippos and a model for brain size reduction in Homo
floresiensis. Nature 459, 2009, s. 85-88.

67 K&hler, M. — Moy4-Sola, S.: Reduction of brain and sense organs in the fossil insular bovid Myotragus. Brain,
Behavior and Evolution 63, 2004, s. 125-140.

8 Niven, J. E.: Brains, islands and evolution: breaking all the rules. Trends in Ecology & Evolution 22, 2007, s.
57-59.
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,hobiti*“ dokladaji, ze u lidi (homininll) se drobny vzriist vyvinul minimaln¢ tfikrat nezavisle
na sobé¢. Jaké jsou ale pticiny jeho vzniku?

Pro€ jsou pygmejové mali

Je samoziejm¢é mozné, Ze postava pygmejii neni zadnou adaptaci, ale pouhym disledkem détské
podvyzivy u pralesnich lovecko-sbéracskych populaci. Nezdd se vSak, ze by se na ristu
pygmejl né¢jak podepisoval potravni stres. Predné pygmejové rostou v détstvi, v obdobi od tii
do zhruba deseti let, ptekvapive rychle. Ze srovnani ristovych kiivek Zen trpasli¢ich etnik (Aka,
Agta a Aeta) a zen v zépadnich spolenostech (Ameri¢anky), u kterych podvyziva v détstvi
vede Kk podprimérné vysce v dospélosti odpovidajici vysce pygmeji, vyplyvaji zjevné rozdily.
Zatimco podvyzivené divky rostou pomalu a dlouho, pygmejské rostou viceméné normalni
rychlosti, ale ptestanou rist diive, ve 12—13 letech. V tomto véku dorostou do vysky okolo 140
centimetrl, které podvyzivené Americanky dosdhnou az v 15 letech. VE&k ukonceni riistu
odpovida tém nejlépe zivenym, nejrychleji rostoucim Americankam, které je vSak ve vysledku
pterostou o vic nez 30 centimetri. Podobné rlstové kiivky vykazuji také chlapci. Pti¢inou
drobné postavy pygme;ji je tudiz pomaly rist v prib&hu dospivani, nikoli v détstvi.®®

Tato specificka riistova trajektorie mize byt podminéna geneticky, naruSenim drahy
ristovych hormoni. Trpasli¢i populace maji obvyklou hladinu ristového hormonu (GH1). Ve
srovnani s ostatnimi lidskymi populacemi vSak na néj jejich metabolismus reaguje v omezené
mife. Rezistence viici GH1 byva zptisobena bud’ snizenou hladinou jeho receptoru (GHR), nebo
vazebného proteinu (GHBP), cozZ je praveé piipad trpasli¢ich etnik. Navic maji mnoha z nich
(africti pygmejové, malajsti a filipinsti negriti, ale nikoli kmen Ok z Papuy-Nové Guineje)
dlouhodobé snizenou hladinu inzulinu podobného rustového faktoru 1 (IGF1), jehoz hladina u
déti v ostatnich lidskych populacich vzriista v puberté zhruba trojnasobng.’®"!
Nadto se ukazalo, ze déti pygmejskych zen a bantuskych muzi jsou v priméru vyssi nez déti,
jejichz rodice jsou oba pygmejové. Zavéry ptuvodnich studii, zaloZzenych na porovnavani vysky
déti z pygmejskych a smiSenych manzelstvi byly pozdé€ji potvrzeny také geneticky. Vyssi podil
bantuskych gent se projevi na vysSim vzriistu, coz doklada, ze rozdilna vyska téchto etnik v
sobé skute¢né nese genetickou komponentu.’>”® Lze tedy predpokladat, ze trpasli¢i vzrist je
skute¢nou adaptaci na urcity aspekt lovecko-sbéracského zpiisobu Zivota v prostiedi tropickych
destnych lest.”

8 Migliano, A. B. — Vinicius, L. — Lahr, M. M.: Life history trade-offs explain the evolution of human pygmies.
Proceedings of the National Academy of Sciences of the USA 104, 2007, s. 20216-20219.

0 Perry, G. H. — Dominy, N. J.: Evolution of the human pygmy phenotype. Trends in Ecology & Evolution 24,
2009, s. 218-225.

"L Baumann, G. et al.: Short stature and decreased serum growth hormone- binding protein in the Mountain Ok
people of Papua New Guinea. The Journal of Clinical Endocrinology & Metabolism 72, 1991, s. 1346-1349.

2 Cavalli-Sforza, L. L.: African pygmies: an evaluation of the state of research. In: Cavalli-Sforza, L. L. (ed.):
African pygmies. Orlando Academic Press, Orlando 1986, s. 361-426.

3 Becker, N. S. etal.: Indirect evidence for the genetic determination of short stature in African Pygmies. American
Journal of Physical Anthropology 145, 2011, s. 390-401.

4 Diamond, J. M.: Why are pygmies small? Nature 354, 1991, s. 111-112.
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Obr. 7 Ukazka typické proporcionality postav pygmeju.

Prvni z klasickych teorii ptedpokldda, ze drobna postava predstavuje adaptaci na
setrvaly potravni stres. Tropické destné lesy se vyznacuji sezonn€ omezenou potravni nabidkou.
Naptiklad v oblasti Ituri se ovoce po urcitou ¢ast roku témer nevyskytuje a pygmejové Efé se v
tomto obdobi zivi pfevazné housenkami. Tropické destné lesy jsou vlastné ,,ekologickymi
ostrovy* a pralesni formy druhti zvifat byvaji oproti svym protéjSkiim Zijicim v oteviené krajiné
mensi. TotéZ plati i pro lidské populace. Hypotézu potravniho stresu vSak zpochybiiuji
antropologicka pozorovani. Pygmejové stravi lovem, sbérem a ptipravou jidla zhruba pul dne,

cey

ostrovy* a pralesni formy druhii zvitat byvaji oproti svym protéjskiim zijicim v oteviené krajin¢

88



mensi. Totéz plati i pro lidské populace. Hypotézu potravniho stresu vSak zpochybiiuji
antropologické pozorovani. Pygmejové stravi lovem, sbérem a piipravou jidla zhruba pil dne,
nezda se tedy, ze by trpéli hladem. Na druhou stranu soucasny stav véci ur€ité¢ neodpovida
podminkam, v nichz pygmejové vznikali. Mnozi z nich dnes pravidelné sménuji sviij tlovek za
zemédelské produkty a néktefi se sami vénuji zemédelstvi.

Druhé teorie ptedpoklada, ze drobna postava je adaptaci k zivotu v teplém a vlhkém
prostiedi. Drobna postava znamena vyssi pomér povrchu téla viici jeho objemu, coz umoziuje
efektivnéjsi ochlazovani téla pomoci poceni. Mensi télo navic produkuje méné vlastniho tepla.
Neexistuje vsak jednoznacna negativni korelace mezi teplotou a vlhkosti na jedné stran¢ a
velikosti téla na stran¢ druhé, ktera by platnost této teorie potvrdila. Tteti teorie povazuje
drobnou postavu za adaptaci k pohybu v hustém podrostu tropickych destnych lest, ktera mtze
byt vyhodna také pii Splhani. Aby ziskali med, Splhaji pygmejové do korun stromi, jejichz
vyska nékdy presahuje 50 metrii a pady tvoii nezanedbatelnou slozku jejich mortality (u muzt
kmene Aka stoji za sedmi procenty vSech umrti). Je jisté, ze drobna téla dokazi uspesnéji Celit
kratkodobému nedostatku potravy, G¢innéji uvoliiovat teplo a snaze se pohybovat v hustém
pralesnim podrostu. Zadna z téchto teorii vSak nedokdze vysvétlit geografické rozsiteni
pygmeju, tedy to, Ze nékteré populace ziji mimo oblasti tropickych destnych lest a n¢které v
relativné chladnéj$im a sus§im prostiedi. Sezoénni podvyziva nevede nutné k drobné postavé,
coz Ize vidét u nekterych lidskych populaci, které také zazivaji pravidelna obdobi nedostatku
potravy, a presto patii mezi spolecnostmi s tradicnim zptisobem hospodareni k tém nejvyssim
na svéteé (nilo-saharsti pastevci, napt. tanzansti Masajové nebo kensti Turkanové).

Vedle téchto tradicnich teorii, které prfedpokladaji, ze drobné postava je adaptaci sama
o sob¢, existuje alternativni teorie, podle které je trpaslici vzrist pouhym dasledkem jiné
adaptace. Tou je podle ni urychleni Zivotni historie a ¢asny nastup reprodukce v prostiedi s
vysokou timrtnosti.”

Ziejmé nejvice zarazejici biologickou charakteristikou pygmeji je, spolu s jejich
drobnym vzrstem, extrémné vysokd umrtnost, jejiz hodnoty se spiSe blizi tém, které
zaznamenavame u volné Zijicich Simpanzl. Pravdépodobnost doziti se dospélosti je u africkych
pygmeju (Aka, Efé¢) pouhych 3040 %, u vychodoasijskych negriti (Agta, Aeta, Batek)
nanejvys 50 %. Ocekavana délka Zivota po dosazeni v€ku 15 let u vSech téchto etnik je okolo
30 let, u kmene Efé pouhopouhych 20 let. Naproti tomu africti lovci-sbéraci Zijici mimo pralesy
(napt. Jul’hoansi) a rovnéz vychodoafricti pastevci se dospélosti doZivaji s pravdépodobnosti
ptesahujici 60 % a o¢ekavana délka zivota po jejim dosaZeni je vzdy vice nez 40 let. V prostiedi
s extrémné vysokou umrtnosti je vyhodné dospét a reprodukovat se co nejdiive. Pygmejské
zeny nemaji diivod s reprodukci otalet. Vzhledem k ocekavané délce Zivota se jen mala ¢ast z
nich (pouhych 13-31 %) dozije menopauzy. Pro platnost této teorie svédci jak zminéné riistoveé
kiivky, tak vékove specificka distribuce porodii. Plodnost pygmejskych Zen dosahuje vrcholu
v porovnani s jinymi etniky v mladém veéku. Nejvice potomki, ktefi se doziji dosp€losti, maji
zeny, které mély prvni dité jiz ve veku 15 let, coz je u jinych lidskych populaci doba nastupu
reprodukce, kterd se poji spiSe se snizenim celkového reprodukéniho vystupu. Pygmejské Zeny

S Migliano, A. B. et al.: Life history trade-offs explain the evolution of human pygmies. Proceedings of the
National Academy of Sciences of the USA 104, 2007, s. 20216-20219.
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jsou svou vysokou plodnosti zndmé 1 mezi bantuskymi muzi a zfejmeé z tohoto diivodu tutsijsti
kralové ve Rwand¢ pojimali za manzelky pygmejky.

Skutecnou adaptaci pygmeji tak mize byt modifikace zivotni historie vyplyvajici z
nevyhnutelného kompromisu mezi vyhodami vyssiho vzristu a nevyhodami pozdniho néstupu
pohlavni dospélosti a reprodukce.

Viibec nejCastéjsi pricinou umrti u pygmeju jsou infekéni choroby, coz neptekvapi
vzhledem k mnoZstvi patogenii v prostiedi tropickych destnych lesii. Proto bychom u nich
mohli ¢ekat fadu adaptaci na posileni imunity. Nedavna studie hledala stopy selekce v genomu
kamerunskych pygmeju Baka, Bakola a Bedzan. Mezi zkoumanymi variantami
jednonukleotidovych polymorfismi objevila tadu téch, které podminuji fungovani
metabolismu, produkci hormont a imunitu, potencialné zodpovédnych za specifické pygmejské
adaptace. Nejzajimavejsi isek genomu byl nalezen na chromozomu 3. Tento usek obsahuje gen
DOCKS3, ktery ovlivituje vysku postavy u Evropant a také gen CISH, ktery posiluje imunitu
vici bakteriémiim, maldrii a tuberkuloze, zaroven vsak inhibuje receptor klic¢ového ristového
hormonu.”®" Vyska je komplexni znak a tento objev rozhodné nepiedstavuje iplné vysvétleni
genetického pozadi pygmejského fenotypu, je spiSe prvni vlastovkou. Zjisténi, Ze t€lesny vzrist
a imunita mohou byt vzajemné negativné korelovany, vSak piedstavuje nec¢ekanou podporu
hypotézy, ze trpasli¢i vzrist pygmejii neni disledkem pozitivni selekce na velikost postavy, ale
vedlej$im produktem jiné adaptace.

Studie, které srovnavaji rustové kiivky, zkoumaji hormonalni fizeni ristu a hledaji geny
zodpoveédné za vysSku postavy, ukazuji, ze mechanismy, které vedou k malému vzristu, se u
jednotlivych trpasli¢ich etnik 1isi. VySe uvedené hypotézy se navzdjem nevylucuji. Ackoli
potravni stres, vysoka vlhkost a teplota, husty podrost a prevalence tropickych chorob
nevysvétluji vzrist pygmeji samy o sobé, ptispivaji v rizné mite k vysoké umrtnosti. Ta mohla
stat u zrodu nezavislych, konvergentnich adaptaci, které se poji s drobnou postavou. Evoluce
metabolismu, riistu a imunity byla vzajemné provazana. DneSni geograficka distribuce a
biologické adaptace trpasli¢ich etnik jsou tedy dusledkem komplexnich evolu¢nich a
historickych procest, kterym dnes teprve za¢iname rozumét.

76 Bilkovinna molekula, ktera se vaze na specificky hormon a spousti bunéénou odezvu na néj, pozn. autora.
7 Jarvis, J. P. et al.: Patterns of ancestry, signatures of natural selection, and genetic association with stature in
Western African pygmies. PLoS Genetics 8, €1002641, 2012.
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Kulturni fylogenetika - VyuZziti fylogenetickych metod ke studiu

evolucni historie jazyka a kultury

Pavel Duda

»--.je nezpochybnitelné, Ze jazykové oblasti nam podavaji ditkazy o vzniku druhiu jejich
postupnou diferenciaci a zachovani vyssich organismit v boji 0 Zivot. Dva hlavni body
Darwinovy teorie maji toto spolecné s mnoha jinymi vyznamnymi objevy, Ze jsou potvrzovany

i v oblastech, kde ziistaly zprvu nepovsimnuty.*’®

(Schleicher 1863, 33)

Cilem této kapitoly je predstavit kulturni fylogenetiku, jeji historické pozadi, teoreticka

vychodiska a rozmanita témata, kterymi se zabyva.

Kulturni fylogenetika je obor, ktery studuje kulturu s vyuzitim fylogenetickych metod,
pouzivanych v evolucni biologii k rekonstrukci ptibuzenskych vztaht mezi druhy nebo
populacemi. Aplikované na kulturu umoznuji tyto metody rekonstruovat evoluci a fylogenezi
jazykl nebo kulturnich artefakti a odpovédét tak na nékteré ze zasadnich otazek historické
lingvistiky, antropologie a archeologie. S jejich pomoci dokaZzeme rekonstruovat davné lidské
migrace, stanovit stafi kulturnich fenoménid nebo popsat, jak jsou tyto fenomény
podminéné vnéjSim prostfedim nebo sebou navzijem. Soucasti kulturni fylogenetiky je obor,
nazyvany evoluéni archeologie, zabyvajici se rekonstrukci piibuzenskych vztaht
archeologickych kultur. Vedle kulturni fylogenetiky je coby pfibuzny, ale nikoli totoZny,

vy€lenovan také obor nazyvany koevoluce gent a kultury (gene-culture co-evolution) nebo

78 ...unbestreitbarer ist aber auf sprachlichem Gebiete die Entstehung der Arten durch allmdhliche

Differenzierung und die Erhaltung der hoher entwickelten Organismen im Kampfe ums Dasein. Die beiden
Hauptpunkte der Darwinschen Lehre theilen also mit mancher andern wichtigen Erkenntniss die Eigenschaft,
dass sie auch in solchen Kreisen sich bewdhren, welche anfinglich nicht in Betracht gezogen wurden.*
(Schleicher 1863, 33)
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teorie podvojné dédi¢nosti (dual inheritance theory) (viz kapitolu Jany Svorcové a Karla

Kleisnera).

Uvazovat o lidskych kulturach jako o analogii biologickych druhi mize byt velmi
pfinosné. Fylogenetické metody jsou totiz velmi uzitecné nastroje k testovani starych hypotéz
a vytvareni novych. Evolu¢ni biologové a humanitni védci, zabyvajici se kulturni historii
(historicti lingvisté, kulturni antropologové a archeologové), si ¢asto kladou podobné otazky a
pritom celi podobnym metodologickych problémim, jen si to po vétSinu 20. stoleti
neuvédomovali (Atkinson & Gray 2005). Piib¢h kulturni fylogenetiky tak neni jen ptibéhem
pozoruhodnych paralel mezi biologickou a kulturni evoluci, ale také paralelniho vyvoje védnich
obort, které se jimi zabyvaji - evolucni biologie a kulturni antropologie, fylogenetiky a

historické lingvistiky — a toho, jak k sobé& tyto obory nachazely cesty.

Pozoruhodné paralely - biologicka evoluce a evoluce kultury

Americky filozof Daniel Dennett ve své knize Darwin's Dangerous ldea piirovnal
Darwinovu myslenku evoluce k univerzalni kyseling, kterd naleptavd bezmala kazdy
filozoficky koncept a zasadné pretvaii nas pohled na svét (Dennett 1996). Neni proto divu, ze
JiZ od vydani knihy O vzniku druhii prirodnim vybérem (Darwin 1859) vedli védci a filozofové
debaty o tom, zda procesy, jimZ podléha vyvoj biologickych druhli, mohou byt aplikovatelné

také na jiné fenomény.

Sam Darwin byl presvédCen, Ze proces fylogeneze neni omezen pouze na zivé
organismy. Ve své knize O puvodu clovéka (1871) popsal paralely mezi evoluci biologickych
druhti a evoluci jazyktl: ,,Utvareni rozlicnych jazykii a jednotlivych Zivocisnych druhu, stejné
jako dikazy jejich postupného vyvoje jsou obdivuhodné analogické... V riiznych jazycich
nalézame podivuhodné shody, zpiisobené spolecnym piivodem slov, a analogie, vyvolané
podobnym zpiisobem utvareni.“’® (Darwin 2006, 108-109). Ve svém stéZejnim dile O vzniku
druhii (1859) obhajoval Darwin pfirozenou biologickou klasifikaci zaloZenou na ptibuzenskych
vztazich mezi organismy. Tu pfirovnaval ke klasifikaci lidskych etnik zalozené na
piibuzenskych vztazich mezi jazyky: ,.Kdybychom méli dokonaly rodokmen lidstva,

genealogické usporadani lidskych ras by umozZnovalo nejlepsi klasifikaci riznych jazyku,

8 «“The formation of different languages and of distinct species, and the proofs that both have been developed
through a gradual process, are curiously parallel... We find in distinct languages striking homologies due to
community of descent, and analogies due to a similar process of formation.” (Darwin 1871, 89—-90)
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kterymi se nyni mluvi na celéem svete. Kdyby mély byt zahrnuty vsechny vyhynulé jazyky a
vSechna prechodna a pozvolné se menici nareci, bylo by takoveé usporadani, jak myslim, jediné

mozné.“® (Darwin 2007, 292).

Je ironii, ze kniha O vzniku druhii pojednava prevazné o procesech probihajicich v ramci
jednotlivych evolucnich linii (anagenezi), nikoli o jejich §té€peni, tedy o tom, jak nové druhy ve
skutec¢nosti vznikaji (kladogenezi). Darwin nicméné povazoval kladogenezi, ktera je disledkem
jim popsanych anagenetickych procesii, za velmi diilezitou. Ziejme proto je jedinou ilustraci
Vjeho knize schématicky ,,strom zivota® (dendrogram), znédzoriujici pivod Sté€picich se

ptibuzenskych linii ze spole¢ného predka (Obr. 1a).

Myslenka piivodu jazykl ze spole¢ného ptedka je ve skutecnosti starSi nez Darwinova
evolucni teorie a rodokmeny kulturnich fenoménii (jazyka a kulturnich artefakt) jsou starsi
nez nejstarSi piibuzenské stromy biologickych druhti. Ernst Haeckel, velky popularizator
darwinismu, zaslal roku 1863 vytisk Vzniku druhii jazykovédci Augustu Schleicherovi, svému
ptiteli a kolegovi na univerzité v Jené€. Schleicher si po Haeckelové naléhani Darwinovu knihu
precetl a v otevieném dopise Haeckelovi odpovédél, ze jde sice o mysSlenku nesmirné
zajimavou, ale ne upln¢€ novou, protoze s predpoklady, které Darwin aplikuje na Zivy svét,
jazykovédci bézné pracuji, kdyZ studuji historii jazykt. V letech 1850-1857, pied tim, nez
nastoupil na Univerzitu v Jeng, ptsobil Schleicher na prazské Karlové univerzité. Behem svého
pobytu v Cechéch se naudil velmi dobie &esky, je mimo jiné autorem prvnich &eskych prekladi
ze sanskrtu. Jeho kniha z roku 1853, obsahuje také rodokmen indoevropskych jazyku. Je
mozné, ze Schleicher tuto myslenku piejal od svého kolegy, Frantiska Ladislava Celakovského,
ktery na Karlové univerzité piisobil od roku 1849. Souasti Celakovského posmrtné vydané
knihy Cteni o srovndvaci mluvnici slovanské na université prazské (1853) je také rodokmen

slovanskych jazykt (Obr. 1b).

Darwin sém Schleichera neznal, alespoti ne v dob&, kdy pracoval na Vzniku druhi®. Byl
vSak ovlivnén nazory jinych filologl, naptiklad Johna Herschela, ktery spekuloval o ptivodu
jazyku ze spole¢ného ptedka a jejich rozriznéni procesem postupnych zmén (Cannon 1961).

V dopise geologovi Charlesi Lyellovi, ktery byl pro Darwina rovnéZ vyznamnym inspiracnim

80 «1f we possessed a perfect pedigree of mankind, a genealogical arrangement of the races of man would afford
the best classification of the various languages now spoken throughout the world; and if all extinct languages,
and all intermediate and slowly changing dialects, had to be included, such an arrangement would be the only
possible one.* (Darwin 1859, 498)

81 Darwin se o Schleicherové praci dozvédél prostiednictvim jeho otevieného dopisu Haeckelovi. V anglickém
ptekladu vysel v roce 1869 pod nazvem Darwinism Tested by the Science of Language.

96



*

R e s L

b.r, \sluv

o \ // \

¢ / k. luz.
7

star.slov.

%
=
= B el
] /‘)ol \ll(l;
srb.
*%/%. 1

c\"ow

kraj.

Western Esquimaux, Siberian.

Californian,
Eastern Esquimaux.

Prototype.

Obr. 1 (a) Schématicky ,,strom zivota“ (dendrogram) je jedinou ilustraci v knize O vzniku
druhui (upraveno podle Darwin 1859, 514-515), (b) dendrogram slovanskych jazykd v knize

Cteni o srovndvaci mluvnici slovanské na université prazské (Celakovsky 1853, 3) (c)

dendrogram sttedovékych kompozitnich lukt (Balfour 1889, 244).
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zdrojem, Herschel argumentoval, Ze ¢as nutny k nahromadéni rozdili mezi sou¢asnymi jazyky
musel byt podstatné delsi, nez kolik poskytuje biblicka chronologie a svét tudiz musi byt
mnohem star$i, nez obecné predpoklada®. Darwin tento dopis &etl a s nad$enim o ném referoval
své sestfe Caroline. To bylo v roce 1837, vice nez 20 let pted vydanim Vzniku druhii (Darwin
Correspondence Project, “Letter no. 346”). Herschel nebyl zdaleka jediny, kdo véfil, Zze studium
jazykli ndm umozni nahlédnout do lidské prehistorie. William Jones, britsky soudce ptsobici
v Kalkatg, si jiz ve druhé poloving 18. stoleti povSiml podobnosti mezi sanskrtem, persStinou,
klasickou fectinou a latinou, z nichz usoudil, Ze tyto jazyky pochazeji ze spolecného piedka
(dnes nazyvaného proto-indoevropsky jazyk). Vsestranny Thomas Jefferson ve své knize Notes
on the State of Virginia (1785) spekuloval o moznosti vyuziti lingvistickych dat k rekonstrukci

historickych vztahti mezi kmeny severoamerickych indianti a také k odhadu stafi téchto

jazyka®®,

Nejen filologové, ale také stemmatologové pracovali s klicovou myslenkou procesu
postupného vyvoje a Stépeni ptibuzenskych linii dlouho pfed tim, nez Darwin tyto principy
aplikoval na zivy svét. Viibec nejstarsi publikované piibuzenské stromy piedstavuji rodokmeny
rukopisit literarnich dél. Tim zfejmé vibec nejstar$im je rodokmen rukopisit Vestgotského
prava, §védského provinéniho zakoniku ze 13. stoleti, ktery publikoval v roce 1827 Carl Johan
Schlyter.

Ve druhé poloving 19. stoleti se evolucionismus stal nesmirné vlivhym nazorovym
proudem, ktery zasahoval do humanitnich véd a v této dob¢ byly publikovany fylogeneze nejen
jazykt ale 1 kulturnich artefaktti (Obr. 1c, d). Pfirodni a humanitni obory nebyly v té dob¢ tak
zietelné oddélené, jako je tomu dnes, a dochazelo tak mezi nimi k vzdjemné piinosné
mezioborové cross-fertilizaci. Rada vyznamnych jazykovédcti 19. stoleti, napiiklad Jacob

Grimm®, Franz Bopp nebo samotny August Schleicher, byli zaroven nadsenymi amatérskymi

82 «IW]hen we see what amount of change 2000 years has been able to produce in the languages of Greece and
Italy or 1000 in those of Germany, France and Spain we naturally begin to ask how long a period must have
lapsed since the Chinese, the Hebrew, the Delaware and the Malesass [Malagasy] had a point in common with
the German and Italian and each other.—Time! Time! Time!—we must not impugn the Scripture Chronology,
but we must interpret it in accordance with whatever shall appear on fair enquiry to be the truth for there cannot
be two truths.” (Hershel 1837)

8 «A separation into dialects may be the work of a few ages only, but for two dialects to recede from one another
till they have lost all vestiges of their common origin, must require an immense course of time; perhaps not less
than many people give to the age of the earth. Agreater number of those radical changes of language having
taken place among the red men of America, proves them of greater antiquity than those of Asia.” (Jefferson
1785, 110)

8 Bratr Wilhelma Grimma. Spole¢né se proslavili pfedevsim jako sbératelé pohadek. Jeho hlavnim pi{spévkem
historické lingvistice je tzv. Grimmuv zakon, popisujici hlaskové zmény v germanskych jazycich.
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Obr. 2 Evoluce stfedoveékych a novovékych mectu podle Bashforda Deana (1915)
(nepublikovano; upraveno podle Lipo et al. 2006, 84).

botaniky. Nékteti vyznamni archeologové a etnografové té doby, napiiklad Oscar Montelius,
Augustus Pitt Rivers nebo Henry Balfour, studovali evoluci a fylogenezi kulturnich artefaktd
(Obr. Ic). Za zminku stoji osobnost Bashforda Deana, amerického zoologa, ktery se zabyval
systematikou devonskych paryb (Zralokli, chimér a pancifnatcti) a zaroven historii vojenskeé
vyzbroje. Dean publikoval fadu rodokment zachycujicich anagenetické a kladogenetické
procesy v evoluci sttedovékych a novovekych zbrani a brnéni (Obr. 2). Dodnes ziistava jedinym
Clovékem, ktery byl zarovenl zaméstnancem Amerického pfirodovédného muzea a
Metropolitniho muzea uméni (ob¢ instituce sidli na newyorském Manhattanu, naproti sob¢ pies
Central Park).
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Evolucionismus byl tim prvnim mysSlenkovym proudem v antropologii, ktery stal u
zrodu antropologie jako védniho oboru. Jeho piedstaviteli byli napfiklad Herbert Spencer,
Lewis Henry Morgan, Edward Burnett Tylor ¢i James George Frazer (viz kapitolu Lindy
Hronikov¢). Zasadnim problémem evolucionistické antropologie bylo, ze jeji predstavitelg,
piestoze se na Darwina radi odvoléavali, chapali evoluci Spatné, nikoli jako proces postupnych
zmén v pribuzenskych liniich, odvozenych od spolecného ptedka, ale jako pokrok.
Nezadrzitelny, vSeobjimajici pokrok. Na zakladé ptredpokladi, ze vSechny lidské spolecnosti
prochazeji pfedem danymi stadii (od matriarchatu k patriarchatu, od animismu pies
polyteismus k monoteismu apod.) v procesu vyvoje smétujiciho od divosstvi pies barbarstvi
k civilizaci, pak tito antropologové klasifikovaly etnika podle domnélé , kulturni vyspélosti®.
V podstaté pohlizeli na soucasna etnika jako na reprezentace rtiiznych vyvojovych stadii lidské
kultury. Tyto unilinealistické ptedstavy o kulturni evoluci byly ve 20. stoleti nahrazeny
difuzionalismem a duslednym kulturnim relativismem, pfedstavovanymi Franzem Boasem a
jeho zéky. Presvédceni, ze lidské kultury se vyvijeji oddélené, nezavisle na ostatnich a mohou

tak nabyvat nesrovnatelnych podob, se stalo zakladnim paradigmatem moderni antropologie.

Paralelni vyvoj evolu¢ni biologie a historické lingvistiky nicméné pokracoval dale do
20. stoleti. Koncem 19. stoleti Paul Brugmann zdokonalil metody historické lingvistiky, kdyz
zavedl rozliSovani slov na inovace a retence a spravn¢ rozpoznal, ze sdilené inovace jsou pro
odvozeni ptibuzenskych vztahti mezi jazyky mnohem cenngjsi nez sdilené retence. V podstaté
tak popsal klicové koncepty fylogenetické systematiky (kladistiky), pouze s odliSnymi nazvy
pro apomorfie (inovace) a plesiomorfie (retence), synapomorfie (sdilené inovace) a
symplesiomorfie (sdilené retence), popsané o vice nez pul stoleti pozdéji némeckym zoologem
Willi Hennigem. Koncem padesatych a pocatkem Sedesatych let 20. stoleti doslo k vyznamnym
metodologickym posuniim v evolu¢ni biologii diky zavedeni metody numerické taxonomie
(fenetiky), jejimiz autory jsou Robert Sokal a Peter Sneath a popsani principu molekularnich
hodin, jehoZ autory jsou Emile Zuckerkandl a Linus Pauling. O n&co diive, v 50. letech, viak
byly Morrisem Swadeshem popsany analogické metody v historické lingvistice, nazvané
lexikostatistika a glottochronologie. Tyto metody umoziovaly odvodit piibuzenské vztahy
mezi jazyky z distan¢ni matice zaloZzené na procentech sdilené slovni zasoby a stanovit stafi
divergenci jazykovych linii na zéklad¢ predpokladu o rychlosti jazykovych zmén. Swadeshovy

metody byly pies pocatecni nadSeni pozd¢ji tvrdé kritizovany a v soucasnosti jsou minimalné
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vyuzivany®®. Zatimco biologové ptijali fylogenetické metody za své, historiéti lingvisté a
yu y g p11j ylog Yy g

kulturni antropologové vuci nim zastavali po vetsi ¢ast 20. stoleti znacné skepticti (Atkinson &

Gray 2005).

Pfes nedivéru humanitnich védcli k evolu¢nim pristupiim dochdzelo pravidelné k
pokustim o pieklenuti obou obort. Ziejmé nejslavnéj$Sim z téchto pokust je memetika (viz
kapitolu Jaroslava Flegra). Ptes slibné zacatky a ohlas u odborné i laické vefejnosti vSak
memetika nebyla coby védni obor pfilis uspé$nd. Piinejmensim nikdy nedala vzniknout

empirické linii vyzkumu a v poslednich deseti letech se védecké literatury pozvolna vytratila.

Zatimco memetika zacala chytlavou metaforou v jedné v nejvlivnéjSich popularné-
nauc¢nych knih 20. stoleti, zacatky kulturni fylogenetiky byly mnohem skromnéjsi. Teoretické
zaklady tohoto oboru polozili v 70. letech biologové Luigi Luca Cavalli-Sforza a Marcus
Feldman, pusobici na Stanfordové univerzité. Cavalli-Sforza a Feldman popsali principy
kulturni evoluce s vyuzitim matematickych modeli vychézejicich z populacni genetiky a
epidemiologie. O dal$i rozvoj oboru se v 80. letech zaslouZili antropologové Roberd Boyd a
Peter Richerson, pisobici na Kalifornské univerzit¢é v Berkeley, ktefi obor pozdéji
zpopularizovali v knize Not by genes alone (v ¢eském piekladu vysla pod nazvem V genech
neni vsechno). V 70. a 80. letech dochazelo zaroven k prudkému rozvoji populacéné-
genetickych metod a k jejich vyuZivani ke studiu lidské prehistorie. Prvni fylogeneze lidskych
populaci byly zalozené na analyze tzv. klasickych polymorfismt (napf. krevnich skupin).
S nastupem automatického sekvenovani DNA a PCR koncem 80. let zapocala éra vyzkumu
matrilinedrné¢ prenosné mitochondridlni DNA a o pozdéi patrilinedrné pienosného
nerekombinujiciho useku muzského chromozomu Y. V roce 1988 publikoval Cavalli-Sforza se
svymi kolegy préci, ktera porovnavala fylogeneticky strom lidskych populaci, ziskany analyzou
distan¢ni matice zaloZen¢ na 120 genech, s ,,fylogenezi* zaloZenou na jazykové klasifikaci na
urovni jazykovych rodin a velkorodin, jejimZ autorem je Merritt Ruhlen. Ackoli byla studie
tvrdé kritizovana, predevsim kvili pouZiti kontroverzni jazykové klasifikace, upozornila na
paralely mezi genetickou a kulturni evoluci a podnitila novou éru zajmu o rekonstrukcei lidské

prehistorie na zaklad¢ kulturnich, nejen genetickych dat.

8 Metodologické problémy lexikostatistiky 1ze rozdélit do ti kategorii. Zaprvé, pfevedenim lexikalnich dat do
distan¢ni matice dochazi ke ztraté informace, coz sniZuje schopnost metody rekonstruovat piibuzenské vztahy.
Zadruhé, pouzivana shlukova analyza spojuje spise jazyky, které se vyvijeji podobnou rychlosti, nez jazyky,
které jsou si pfibuzné. Zatreti, predpoklad, Ze rychlost jazykové zmény je konstantni v prostoru a v ¢ase a napfic
sémantickymi kategoriemi, je nerealisticky, coz v dtsledku ¢ini nerealistickou také vyslednou topologii stromu a
jeho datovani (odhad stafi jednotlivych uzli).
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V devadesatych letech dochazelo k akumulaci stale vétSiho mnozstvi genetickych dat a
s nim k rozvoji evolu¢né-biologickych metod. Distancni metody byly postupné opoustény na
ukor metod zalozenych na kladistické (parsimonni) analyze homologickych znak, které nejsou
zatizeny stejnymi metodologickymi problémy jako fenetika. Pokrocilejsi likelihoodové a
bayesianské metody fylogenetické analyzy umoznily jest€ spolehlivéjsi rekonstrukci
pribuzenskych vztahi, véetné jejich casové skaly. Zaroven dochazelo k rozvoji fylogenetickych
komparativnich metod, umoziujicich publikované fylogenetické stromy dale vyuzivat
Kk rozmanitym uceltim, jako je rekonstrukce ancestralnich znakovych stavii, méfeni znakovych
korelaci se zohlednénim fylogenetickych vztaht nebo testovani evolu¢nich modeld. Pfibyvalo
vyzkumnikt, rekrutujicich se jak z pfirodnich, tak z humanitnich obort, ktefi tyto metody
aplikovali na lingvisticka, etnograficka i archeologicka data, Casto v kombinaci s daty
genetickymi. Tito vyzkumnici jako Mark Pagel, Ruth Maceova, Clare Holdenova, Stephen
Lycett, Stephen Shennan, Russel Gray, Kevin Lalland a dal$i polozili zaklady kulturni
fylogenetiky jako védeckého oboru, postaveného na syntéze kulturnich dat a evolucné-

biologickych metod (Lipo et al. 2006, Mace et al. 2005, Mace & Pagel 1994).

Dnes je kulturni fylogenetika dynamicky se rozvijejicim védnim oborem, zabyvajicim
se celou radou aspektii kulturni evoluce. Studuje napiiklad, jak se mechanismy kulturniho
prenosu méni v priabéhu historie nebo jak se 1i8i pro rizné typy kulturnich znakt a také do jaké
miry horizontalni pfenos narusuje stromovity proces kulturni evoluce. Cést oboru je zamé&fena
na rekonstrukei fylogenetickych vztahii mezi jazyky ¢i kulturnimi artefakty, ¢ast na vyuziti

publikovanych fylogenezi k testovani rozmanitych hypotéz o evoluci kultury.

Kultura jako evolu¢ni systém - variabilita, dédi¢nost a selekce

Existuje velké mnozstvi odlisnych definic kultury (viz napt. Soukup 2004). Autorem
jedné z nejznamé;jSich je Edward Burnett Tylor, ktery kulturu definoval jako ,,komplexni celek,
ktery zahrnuje poznani, viru, uméni, pravo, moradlku, zvyky a vsechny ostatni schopnosti a
obyceje, jez si ¢lovek osvojil jako clen spolecnosti.*® (viz kapitolu Lindy Hronikové). Takova
amorfni definice, ktera charakterizuje kulturu jako ,,vSe lidské* neni pro zkoumani procest,

jakymi se kultura vyviji v prostoru a v ¢ase, zvIlast’ piinosna.

8 ...that complex whole which includes knowledge, belief, art, morals, law, custom, and any other capabilities
and habits acquired by man as a member of society.* (Tylor 1871, 1)
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Védci, zabyvajici se kulturni evoluci definuji kulturu usporné a pragmaticky jako
»Soubor informaci, které ziskava jedinec od ostatnich prislusnikii svého druhu prostrednictvim
uceni, napodobovani a jinych forem socidlnich prenosu, jez jsou schopné ovliviiovat jeho
Jjednani*“ (Richerson & Boyd 2005, 17), pficemz touto informaci mize byt myslenka, znalost,
dovednost, ndzor, hodnota ¢i postoj. Kulturni evoluce jak pak definovana jako proces
selektivniho pfezivani uUspéSnych kulturnich variant prendSenych na jiné jedince
prostfednictvim socialniho pfenosu i jinych, ne-selektivnich procesi jako je drift, inovace ¢i

migrace (Laland & Brown 2011).

Nelze tvrdit, ze tato definice kultury je spravnéjsi nez jiné, je ale tieba si ujasnit, co
kulturni fylogenetici vlastné studuji, kdyz studuji kulturu. Obecna definice, kterd umoznuje
kulturu atomizovat, rozd¢lit ji na jednotlivé elementy, ¢ini kulturni fenomény ptistupné;si
formalni analyze (umoznuje popsat frekvenci téchto elementii v populaci nebo Uspésnost,
s jakou se dédi a §iff). Obecnéjsi definice kultury otevird moznost nachazet prvky kulturniho ¢i
protokulturniho chovéani u zvifat a skutecné, takovych ptipadt, véetné vyroby a pouzivani

jednoduchych nastrojii, dnes zndme celou fadu (viz kapitolu Jitky Lindové).

Vétsina z nds si pod pojmem evoluce predstavi evoluci biologickou ve spojeni s
populacné-genetickymi koncepty. Miizeme se proto ptat: Neni koncept ,,evoluce* aplikovany
na lidskou kulturu pouhou metaforou? Aplikace formalnich fylogenetickych metod pfi studiu

evoluce kultury vyZaduje, aby procesy biologické a kulturni evoluce byly plné€ srovnatelné.

Evoluce, jak ji definoval Darwin (1859), je diisledkem spole¢ného plivodu a postupnych
zmén v ptibuzenskych liniich (Darwinovymi slovy ,,(common) descent with modification®) a
pusobeni piirozené¢ho vybéru (,,natural selection®). Kazdy evoluéni systém vyzaduje existenci
variability jedinct (entit) v populaci, existenci mechanismu, ktery zajistuje dédicnost alespon
Casti této variability a existenci selekce, kterd vede k rozdilné uspésnosti, s jakou se rizné
vlastnosti jedinct dédi, a to v zavislosti na podminkach prostfedi (varianta, ktera je isp&$na v
urcitych podminkach, nemusi byt stejné GspéSna v podminkach, jaké panuji jinde). Nic vic.
Nezalezi na tom, jakym zplsobem je variabilita mezi jedinci generovana, co ¢ini razné
vlastnosti uspéSnymi (co podminuje jejich fitness) nebo jaké jsou konkrétni mechanismy
dédicnosti téchto vlastnosti. Evoluce je prostym disledkem procesii zahrnujicich variabilitu,
dédicnost a selekci. Neni tudiz pravda, Ze pojem ,,evoluce®, pokud neni aplikovan pouze na
Zivé organismy, neni ni¢im vic neZ pouhou analogii. Kazdy systém, fidici se témito tfemi

zékladnimi principy, je evolucni.
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Je nutné zduraznit, ze ackoli je kultura evolu¢nim systémem, procesy kulturni evoluce
nejsou ve vSech smérech analogické procesim evoluce biologické (viz kapitolu Jaroslava

Flegra). Né¢které dilezité rozdily jsou popsany nize.

Variabilita je nezbytnym piedpokladem procesu evoluce. Rozmanitost lidské kultury je
skutecné omracujici. Jednotlivé lidské populace se 1iSi svym socialnim uspotradanim,
reprodukénim a rodiCovskym chovanim, spoleCenskymi institucemi, tradicemi a normami.
Praktikujeme monogamii, polygynii i polyandrii, platime véno nebo cenu za nevéstu, nase
ptibuzenstvi odvozujeme po otcovské ¢i matetské linii ¢i jinak, stejné tak nd$ socidlni status a
majetek dédime podle riznych pravidel. Budujeme si obydli z rozli¢nych materiélii, riznych
podob a velikosti. Obzivu si zajiStujeme rozmanitymi zpusoby a S vyuzitim Siroké Skaly
technologii. Jsme lovci, sbéraci, pastevci a zemédé€lci a konzumujeme riiznorodou stravu,
semeny trav pocinaje a velrybami konce. Hovofime vice nez sedmi tisici jazyky (Lewis et al.
2016). Ruku v ruce s rozmanitosti jazykl jde rozmanitost kulturnich produktti lidské zkusenosti

a predstavivosti, ritudlti a kulturnich praktik.

Lidska kultura nejenze se co do rozmanitosti vyrovna biologické diverzité, ale je také
podobné geograficky distribuovand. Vyssi diverzita jazyki je obecné v tropickych oblastech,
na ostrovech a v horach. Viibec nejvyssi diverzitu jazykd nachazime na Nové Guinei (coZ je
tropicky ostrov s hornatym vnitrozemim). Na uzemi statu Papua-Nova Guinea®’ s piiblizné 7,6
miliony obyvatel se mluvi 839 plivodnimi jazyky, coZ ¢ini zhruba 12 % jazykl svéta. Naproti
tomu na izemi Ciny, ktera ma 1,4 miliardy obyvatel a jejiZ rozloha je oproti Papui-Nové Guinei
zhruba dvandctindsobna, se mluvi jen 274 ptvodnimi jazyky, z nichz jen 56 je oficialné

uznavano ¢inskou vladou.

Jazykova diverzita je takto nendhodné distribuovand a koreluje se stejnymi
ekologickymi faktory jako diverzita druhova. Mezi tyto faktory patii délka vegetacni sezony,
primarni produktivita ekosystému, mira evapotranspirace, primérny ro¢ni uhrn srazek,
prumérna rocni teplota apod. V distribuci kulturni (jazykové) diverzity pak v dusledku
pozorujeme stejné trendy jako v distribuci druhové diverzity, napiiklad latitudinalni gradient

diverzity (snizujici se pocetnost druhii 1 jazykd ve vySSich zemépisnych Sitkach) nebo

87 Stat, zahrnujici vychodni polovinu ostrova Nova Guinea a Bismarckovo souostrovi (melanéské ostrovy
Manus, Nova Britanie, Nové Irsko a Bougainville a mnoho mensich ostrovi).
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Rappaportovo pravidlo (zvétSujici se arealy druhti 1 jazykl ve vySSich zemépisnych Sitkéach)

(Mace & Pagel 1995, Moore et al. 2002).

Rozdilna Gspésnost kulturnich variant je tim, co proces kulturni evoluce pohani. Klicové je, aby
mezi sebou jednotlivé kulturni varianty realné soupefily. Ze k takovému soupeteni dochazi, je
patrné z distribuce kulturni diverzity, naptiklad diverzity jazykt. Z ptiblizn€ 7 100 jazyku jen
asi 300 ma vice nez 1 milion mluv¢ich, pficemz témito 5 % jazykd hovofi témét 95 % procent
svétove populace. Vice nez 90 % vSech véticich jsou nasledovniky jednoho z péti ndbozenstvi

(z ptiblizn¢ 4 300 existujicich).

Kulturni varianty nesoupeti o ,,pfeziti“. Soupeteni se vede mezi omezenym poctem
funkéné ekvivalentnich feSeni ur¢itého problému a o nasi omezenou pozornost a pamét'ovou
kapacitu. Psychologové naptiklad popsali vzdjemnou interferenci pii vybavovani se
vyznamové podobnych (konkurenénich) slov (Baddeley 1997). Archeologové popsali zmény
frekvenci riznych typt artefaktl (napt. hroti kopi a Sipt1) v archeologickém zadznamu, kdy
zvyseni Cetnosti jednoho typu vede ke snizeni Cetnosti alternativnich (konkuren¢nich) typta

(Lyman et al. 2009).

Kulturni linie mohou, stejné jako biologické linie, eventudlné vyhynout v disledku
kompetice nebo driftu. Dobie zndmé jsou ptipady vymielych jazykd nebo jazykl ohroZenych
vyhynutim. Totéz se vSak tyka i tradic a technologii. Za vSechny , kulturni extinkce* uved'me
alespoit vymizeni stielnych zbrani v Japonsku v 17. stoleti n. 1. (Perrin 1979), kanoi na
Gambierovych ostrovech ve Francouzské Polynésii ve 12. stoleti n. 1. (Hiroa & Buck 1942)

nebo kosténych nastrojii na Tasmanii pted zhruba ¢tyimi tisici lety (Henrich 2004).

Piiklad Tasmanie je mimotadné zajimavy. Tasmanie, ostrov o rozloze 67 800 km? (0
néco mensi nez Ceska republika), byl osidlen pfed nejméné 38 tisici lety lidmi, kte¥i sem pfisli
z Australie suchou nohou (v pleistocénu tvotfila Tasmanie s Australii a také s Novou Guineou
jediny pevninsky celek nazyvany Sahul). Na konci pleistocénu, pted 10-12 tisici lety, kdyz
stoupla hladina svétového oceanu, se Tasmanci ocitli v izolaci, odfiznuti od Australie
Bassovym prilivem. Pfi prvnim kontaktu s Evropany v roce 1642 Zilo na ostrové 5-10 tisic
lidi, jejichZ néstrojova kultura byla vyrazné jednodussi a chudsi nez kultura jejich australskych
protéjskl (dajné€ znali pouhych 24 typii nastroji). Z holocénniho archeologického zaznamu na
ostrové vime, ze Tasmanci v prub¢hu deset tisic let trvajici izolace pozbyli mnohych kulturnich

vymozenosti, které zahrnovali naptiklad kosténé nastroje (rybaiské hacky, jehly) nebo nastroje
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Obr. 3 Schéma znazornujici vérnost replikace jednotlivych zptsobu kulturniho pfenosu —
emulace, imitace a socialniho uceni, zde na ptikladu ornamentalniho designu turkmenskych

koberct (upraveno podle Tehrani & Riede 2008, 326).

s rukojeti (palice, kopi s kamennym hrotem). Tasmanci tak ztratili napiiklad znalost rybolovu
nebo $iti. Z archeologického zaznamu je patrné, Ze ryby diive tvofily podstatnou ¢ast jidelnicku
Tasmanct a seSivané kozeSinové odévy jim ziejmeé umoznily piestat obdobi posledniho
glacialniho maxima na ostroveé, ktery se nachazi pomérné hluboko na jihu. V dobé kontaktu s
Evropany vSak Tasmanci nelovili ryby, pouze lachtany, Skeble a korySe, a neznali odévy.

Namisto toho si potirali t€lo smési lachtaniho tuku, popela a okru.

Pticiny podobnych kulturnich extinkci nejsou uplné jasné. Roli hraje, vyjadreno
evoluéné-biologickymi pojmy, zména selekéniho rezimu, izolace a drift v malé, izolované
populaci. Na udrZeni kulturnich variant je potfebna dostate¢na velikost a hustota populace, jinak
tyto varianty z populace vymizi ptisobenim stochastickych procest, podobné jako z populace
vymizi alely v disledku genetického driftu. Dostate¢na velikost populace je pro vznik a udrZzeni
kulturni komplexity velmi dilezitd. Dnes se zdd, Ze i takzvand svrchné paleolitickd kulturni
revoluce, ktera pfinesla zdsadni zménu rozmanitosti lidské néstrojové 1 symbolické kultury,
byla spusténa demografickou zménou (zvysSeni lidské populacni hustoty v Africe) a ta byla zase

zpusténa zmeénou klimatu (Powell et al. 2009).
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Dédi¢nost kultury je zajisténa kulturnim pienosem - socialnim ucenim. Socialni uceni je ve
skute¢nosti smésny pojem zahrnujici nékolik odlisnych zptsobt kulturniho pfenosu, lisici se
mechanismem a vérnosti replikace (Obr. 3). Témito zplsoby je posileni podnétu, emulace,
imitace a vyucovani (viz kapitolu Jitky Lindové). Posileni podnétu (stimulus enhancement)
popisuje proces, pii némz vystaveni jedince urcitému chovani zvysSuje pravdépodobnost, ze si
jedinec toto chovani ¢asem sam osvoji (napt. chozeni na koncerty klasické hudby nés inspiruje
k tomu, zacit se ucit hrat na housle). Jedna se o pomérné jednoduchou formu uceni, experimenty
1 pocitacové simulace nicméné ukazuji, Ze i tento zptisob uc¢eni mize vést ke vzniku dlouhodobé¢
pretrvavajici tradice (Lycett 2015). Emulace je proces, kdy pfedmétem napodoby je vysledny
produkt chovéani, ale postup jeho vytvafeni se u¢ime sami (napf. se u¢ime hrat na housle
skladbu, kterou znadme z poslechu). Imitace je proces, ktery zahrnuje pfesnou napodobu
ur¢itého postupu, predvadéného demonstrantem (napi. pozorujeme né€koho pii hie na housle a
snazime se napodobit jeho techniku). Vyucovani je proces, kdy vyucujici doprovazi
demonstraci ¢innosti vykladem, zaka opravuje, pfipadné mu vede ruku (tak jako pfi placeném
vyucovani hry na housle). Na uvedenych ptikladech si 1ze snadno predstavit, jak se vSechny

vyse uvedené zpiisoby u¢eni mohou kombinovat pti osvojovani si ur¢itého chovani.

V kulturni evoluci se dale uplatnuji selekéni faktory, takzvané selektivni biasy (selective
biases). Ty se déli se na takzvané obsahové (content biases), modelové (context biases) a
frekvenéni (frequency biases) (Mesoudi 2011). Obsahové biasy zahrnuji tendence k
pfednostnimu osvojovani si kulturnich variant na zakladé funkcnich a estetickych kritérii.
Modelové biasy zahrnuji tendence k pfejimani variant na zakladé¢ rtiznych spole€enskych vlivi,
pfejimani Castych variant nebo naopak vzacnych variant (konformita a nonkonformita),
napodobovani uspéSnych nebo vysoce postavenych jedinct, sobé podobnych jedinct, jedinct
urcitého pohlavi a podobné, které se podepisi na pribehu kulturni evoluce (viz kapitolu Petra

Turecka a Jana Havlicka).

Vertikalni a horizontalni kulturni pienos - fylogeneze a etnogeneze

Izolace kulturnich linii je zajistovana fadou modelovych biast, etnocentrismem,
jazykovymi a geografickymi bariérami a v neposledni fad¢ i1 nasilim mezi komunitami. Ptesto

kultura v rizné mife ,,difunduje’ napii¢ kulturnimi, jazykovymi i geografickymi oblastmi.

Odklon od evoluc¢nich ptistupl v antropologii a historické lingvistice na pfelomu 19. a

20. stoleti nastal mimo jiné proto, Ze nastupujici predstavitelé ,,difuzionistické antropologie® Si
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Obr. 4 Strom zivota a strom lidské kultury (Kroeber 1923, 68).

uvédomily, ze zpasob S$ifeni kultury nevyhovuje unilinealistickym pfedstavam
evolucionistickych antropologli o vyvoji kultury. Antropologové a jazykovédci, napt. Franz
Boas nebo Roman Jakobson, zacali zdiraziiovat rozdily mezi biologickou a kulturni evoluci,
spocCivajici vtom, Ze zatimco vztahy mezi organismy lze ilustrovat vhodné pomoci
fylogenetického stromu, vztahy kultur ¢i jazyku nikoli, protoZe kulturni elementy se pienaSeji
nejen vertikalng, z generace na generaci, ale také horizontaln€, mezi nepiibuznymi jedinci a
napii¢ generacemi. Zatimco fylogenezi organismil lze popsat pomoci postupného vyvoje a
divergence piibuzenskych linii (anageneze a kladogeneze), ve vyvoji kultury dochézi velmi
Casto k situacim, kdy linie, které se dtive rozd¢lily, splyvaji opét dohromady (syngeneze) diky
procestim jako jsou vypujcky, akulturace a asimilace. Tyto procesy se zacaly nazyvat kulturni
difuze nebo etnogeneze. Tyto ndzvy maji za cil zdGraznit, Zze mechanismy vzniku a vyvoje
zivocisnych druhi a lidskych kultur jsou zasadné odlisné. Dliraz na tyto odlisnosti, vyjadieny
ilustraci, jejimz autorem je Boastiv zdk Alfred Kroeber (Obr. 4), pak na dobré pulstoleti

paralyzovaly snahy o empirické studium kulturni evoluce.

Ptedstava, ze kulturni pfenos se zdsadnim zptsobem li§i od biologické dédic¢nosti,
pretrvava u mnoha biologt i antropologti. Napftiklad paleontolog Stephen Jay Gould v jednom
ze svych eseji napsal: ,,Biologickd evoluce je systéem neustalého rozdelovani bez ndsledného

spojovani vetvi. Linie, které jsou jednou rozdéleny, ziistanou rozdeéleny navzdy. V lidské historii
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Jje prenos informace mezi liniemi moznd tim nejvyznamnéjsim zdrojem kulturnich zmén.«®

(Gould 1991, 65).

Nase dnesni znalosti o povaze biologické (a kulturni) evoluce umoziuji tuto predstavu
poupravit. Nepatficn€¢ zjednoduseny model Cist€¢ stromovité (dichotomické) evoluce
organismalnich linii je zde postaven do kontrastu s komplexnim modelem sitovité (retikulatni)
evoluce kulturni. Povysit tento kontrast na dichotomii znamena pokroutit naSe znalosti

biologické i kulturni evoluce.

K druhotnému splyvani diive oddélenych evolucnich linii ve skute¢nosti ¢asto dochazi
i Vvevoluci organismu. K horizontdlnimu pfenosu genetického materialu dochazi
prostfednictvim virti a plazmidd. Transpozony, plivodné parazitické tiseky DNA, se mohou
prenaSet mezi druhy. Geny z mitochondrii a chloroplastii, organel endosymbiotického ptivodu,
jsou prendSeny do jadra bunky. Jde o kuridzni ptipad davného splynuti neptibuznych
organismalnich linii, ktery dodnes pokracuje vnitrobunéénym pienosem genil. Rozséhly
horizontalni ptenos byl zjistén u viinikia pijavenek (Bdelloidea), v jejichz genomu se nachazi
DNA bakterii, rostlin i hub. Vedle horizontalniho pfenosu mezi biologickymi liniemi dochéazi
také k jejich splyvani, hybridizaci. Rada znamych Zivo¢isnych druhii je hybridniho ptivodu.
Napiiklad zubr evropsky (Bison bonasus) vznikl kiizeni pratura (Bos primigenius) a bizona
stepniho (Bison priscus). Jelen milu (Elaphurus davidianus), vyskytujici se v severovychodni
Cing, je hybridem jelena wapiti (Cervus canadensis) a jelena lyrorohého (Panolia eldi). VIk
rudohnédy (Canis rufus), vyskytujici se na vychodnim pobiezi Spojenych stati americkych, je
hybridem vlka (Canis lupus) a kojota (Canis latrans). Nékolik druhti hybridniho ptivodu Ize
najit mezi primaty. Caste¢né hybridniho piivodu je i anatomicky moderni ¢lovék. Malé procento
genofondu populaci moderniho ¢loveka, Zijicich mimo subsaharskou Afriku, pochazi od
blizkovychodnich populaci neandrtalce (Homo nenaderthalensis) a také od védecky dosud
nepopsanych asijskych ptibuznych neandrtalcti, nazvanych denisovci podle nalezti z Denisovy
jeskyné na Altaji. Geny téchto druht pronikly do naseho genofondu v dusledku hybridizace
s expandujici populaci anatomicky moderniho ¢lovéka. Horizontalni pfenos je tedy pomérné
bézny i1 v biologické evoluci, jeho existence vSak neméni nic na tom, Ze biologicka evoluce je

pievazné stromovita. Podle toho ostatné€ horizontalni pfenos viibec dokdzeme rozpoznat.

8 «Biological evolution is a system of constant divergence without subsequent joining of branches. Lineages,
once distinct, are separate forever. In human history, transmission across lineages is, perhaps, the major source
of cultural change.” (Gould 1991, 65)
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Obr. 5 Mapa a piibuzensky strom vychodoafrickych populaci. Kruhy oznacuji populace, ve
kterych je polygynni rodinné uspotadani vzacné (<20 %), hv€zdy populace, v nichz je bézné
(>20 %). Na ptibuzenském stromu je znadzornén hypoteticky vznik polygynniho rodinného
usporadani jako disledek vertikdlniho ptenosu (fylogeneze) a horizontdlniho ptenosu

(etnogeneze) (upraveno podle Borgerhoff Mulder et al. 2006, 57).

Ackoli se kulturni znaky mohou S§ifit horizontalng, podstatnd ¢ast z nich se pfenasi
béhem détstvi a dospivani zrodici na potomky. Nékteré kulturni znaky maji vysokou
dédivost®®, ktera se vyrovna biologickym znakiim (napt. vyska nebo barva oéi nemaji o nic
vyS$i dédivost nez jazyk nebo nabozenstvi). U vétSiny znakd navic mechanismim jejich
dédi¢nosti nerozumime (je vyssi rozvodovost v nékterych rodindch podminéna biologicky nebo

kulturné?) a nékteré biologické znaky se dédi kulturné (deformace patefe budou Castéjsi

8 Dedivost v tomto ptipadé vyjadiuje, do jaké miry je (kulturni) fenotyp potomka shodny s fenotypem jeho
biologickych rodicu.
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Vv rodinach s genetickymi sklony k osteoporéze, ale také v rodindch turednikil). Pievazné
vertikalni pfenos a vysoka dédivost kulturnich znakt se tyka jak postindustridlnich spole¢nosti,
tak ,,pfirodnich* narodt. Studenti Stanfordovi univerzity ziskévaji své nabozenské vyznani a
politické presvédceni pfevazné od svych rodicii a stejné jako indiani kmene Tsimane v Bolivii

své etnobotanické znalosti (Laland & Brown 2011).

Konflikt o dominantni roli vertikdlniho nebo horizontalniho pfenosu neni trividlni a
problémy s nim spjaté nelze jednoduse smést ze stolu odmitnutim jednoho nebo druhého
pohledu na véc. Mechanismy kulturniho pfenosu by mély byt zkoumany empiricky na
prikladech jednotlivych znakti (Obr. 5). Nékteré kulturni znaky jsou totiz vysledkem
dlouhodobého vertikdlniho prenosu z generace na generaci, jiné jsou produktem (Casto

obousmérné) kulturni difuze a jiné predstavuji skutecné kulturni inovace.

Fylogenetika disponuje metodami, které umoznuji vyznam fylogeneze a etnogeneze
coby procesti generujicich kulturni diverzitu explicitné posoudit. Rozsahld metaanalyza
(Collard et al. 2006) srovnavala ,.stromovitost” biologickych dataseti (zalozenych na
molekularnich, morfologickych i etologickych datech) a kulturnich dataset (jak kulturnich
artefakti, naptiklad hroti $ipti ¢i keramiky, tak rozmanitych kulturnich praktik). Studie
srovnavala hodnoty konzisten¢niho indexu (CI) a reten¢niho indexu (RI) pro rizné biologické
a kulturni datasety. CI a RI jsou kladistické metriky, které udavaji, do jaké miry lze podobnosti
a rozdily mezi skupinami ¢i taxony vysvétlit topologii fylogenetického stromu®. Z této analyzy
vyplyva, Ze kulturni datasety neobsahuji signifikantné vice konfliktli s Cisté stromovitym
modelem evoluce neZ biologické datasety a ze procesy vzniku a vyvoje biologické a kulturni
diverzity nejsou fundamentilné odliSné. SpiSe nez a priori stanovit, jak kulturni evoluce
probihala, je potieba zjistit, ktery evolu¢ni model, ptipadné kombinace evolu¢nich modeld,

hrala v konkrétnich ptipadech roli.

Podil riiznych procesii, fylogeneze a etnogeneze, se miize menit v Case, v zavislosti na
socio-politickych faktorech, jak ukazuje fylogeneticka analyza designu tradi¢nich
turkmenskych tkanin vyrdbénych v 18.-20. stoleti. Autorem analyzy je antropolog Jamshid
Tehrani z Durhamské univerzity. Po bitvé u Geok Tepe v roce 1881 se Turkmeni dostali pod

nadvladu carského Ruska, které na jejich tzemi zfidilo Rusky Turkestan. Turkmeni byli

9 Konzisten¢ni index uvadi podil tzv. homologickych znaki, které jsou v souladu s topologii kladogramu a tzv.
homoplastickych znaki, které jsou s kladogramem v konfliktu. Retenéni index uvadi podil synapomorfii,
homologickych znakt, lokalizovanych na vnitinich vétvich kladogramu, a tedy udrzujicich jeho stromovity tvar.
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zaclenéni do struktury kolonidlniho statu a jejich tradi¢ni klanova sociédlni organizace se zacala
rozpadat. Byli také nuceni se usadit a piejit od tradi¢niho pasteveckého zplsobu Zivota
k zemédé¢lstvi. Navic pfisli o pfijmy plynouci z pravidelnych najezdl na perské a afghanské
vesnice, z prodeje otrokll a vykupného. Stali se tak vice zavisli na mistnim trhu a dilezitym
zdrojem pfijma se pro né stal pravé prodej koberct, predlozek a dalSiho tradi¢niho textilu.
Kladisticka analyza znakt, popisujicich jednotlivé prvky designu tkanin péti turkmenskych
klanti, ukazuje, ze pted rokem 1881 byl vertikalni pfenos (fylogeneze) dominantnim procesem
v evoluci designu téchto tkanin. Design tkanin vyrobenych po roce 1881 ukazuje na nartst
vyznamu horizontalniho pfenosu (etnogeneze). Ve chvili, kdy ornamentélni design koberct
ptestal byt vyjadienim pfislusnosti k rodinnému klanu a stal se zbozim, pfirozené stouplo
mnozstvi kulturnich vypijcek a s nim i mnozstvi konfliktniho signalu v datasetech, vyjadfenym
hodnotou konzistencniho indexu (0,69 pted a 0,61 po roce 1881). Navzdory tomu zulstal

vertikalni pfenos dominantnim procesem v evoluci designu turkmenskych tkanin (Tehrani &

Collard 2002).

Vyznam obou procesi se nejenze muze meénit v pribéhu €asu a v zavislosti na mistnich
podminkach, ale mlze se také liSit pro rtizné druhy kulturnich znakl. Zd4 se rozumné
predpokladat, ze n¢které aspekty kultury se budou $ifit primarné po ptibuzenské linii, zatimco
jiné budou zavislé na mistnich podminkach a jiné se budou §ifit horizontaln€ mezi populacemi.
Otazkou, jak rtizné typy kulturnich znaka koreluji s jazykovym piibuzenstvim, ekologickymi
podminkami a geografii (blizkosti populaci), se zabyvala studie, vznikld pod vedenim Cavalli-
Sforzy (Guglielmino et al. 1995). Tato studie vyuzivala etnograficka data popisujici 47
kulturnich znakti u 277 populaci v subsaharské Africe. Vysledky ukazaly, Ze znaky popisujici
socidlni organizaci (napf. rodinné uspofadani, zptisob odvozovani piibuzenstvi a piibuzenska
terminologie nebo pravidla dédéni majetku) koreluji s jazykovym ptibuzenstvim. Tyto znaky
jsou velmi konzervativni, pfenaseji se vertikalné¢ a jejich soucasna distribuce je patrné
vysledkem historickych migraci. Znaky popisujici zptisob obzivy (napt. mira zavislosti na lovu
a sbéru, pastevectvi ¢i zeméd¢lstvi) nepiekvapiveé koreluji s ekologickymi podminkami. Tyto
nabozenstvi) koreluji pouze s geografickou vzdalenosti populaci a jejich distribuce je nejspis

z velké ¢asti vysledkem horizontalniho pfenosu.

Metody slouzici k rekonstrukci fylogenetickych stromid mohou odhalit i to, Ze
fylogeneticky strom neni vhodnym popisem historie zkoumanych kulturnich znakt. Ukazuje to

studie bridlicovych plaket pochéazejicich z pozdniho neolitu a rané doby bronzové (3500-2750
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let pi. n. 1.), nalézanych na jihozapadné Pyrenejského poloostrova (Rivero & O'Brien 2014).
Tyto plakety, vysoké 5-10 cm, jsou zdobené geometrickymi, antropomorfnimi nebo
zoomorfnimi motivy. Kazd4 z nich ma v sobé vyvrtany jeden nebo dva otvory, o kterych se
piedpoklada se, ze slouzily k provleceni Snirky, takze se nosily jako nahrdelniky. Podle
populérni hypotézy se jedna o heraldické objekty, udavajici ptislusnost k rodinnému klanu a
genealogickou vzdalenost od vyznamného ptedka. Kladistickd analyza motivii na bidlicovych
plaketach vSak poskytla strom s velmi nizkym rozliSenim, coZ je v rozporu s pfedpokladem, ze
motivy na plaketach znaci piislusnost k ptribuzenské linii. Optimizace (,,namapovani‘‘) znakt
na tento strom odhalila velké mnozstvi homoplasii (konvergentnich a reverznich zmén). To
naznacuje, Ze autofi téchto plaket méli pfi jejich vytvareni zna¢nou tviréi svobodu a ze motivy

na plaketach byly zfejmée Casto pfejimany i tviirci z neptibuznych klani.

Fylogenetické metody uréené k vytvareni stromi pochopitelné vytvofi strom na zdkladé
analyzy libovolného znaku. Publikované stromy jsou vsak vzdy urcitym typem konsensu mezi
velkym poctem stromi zaloZzenych na jednotlivych znacich. Pokud je strom pro kazdy
jednotlivy znak v konfliktu s ostatnimi, bude mit konsensus téchto stromti velmi nizké rozliseni.
Takovy polytomicky strom znaci, Ze evoluce studovanych kulturnich fenoménii neni stromovita
a ve velké mife se v ni projevuje horizontalni ptenos®’. Dne$ni metody, vychazejici z populaéni
genetiky, umoznuji rekonstruovat nejen fylogenetické stromy, ale také fylogenetické sité, které
umoznuji odhalit konflikty v kulturnich datech (napi. metoda NeighborNet) nebo horizontalni

ptenos a hybridizaci (napt. metoda Galled networks) (Willems et al. 2016).

Fylogeneze kultury

Jak uz bylo feceno, nejstar$i publikované rodokmeny kulturnich artefaktti popisuji
ptibuzenské vztahy rukopist literarnich dél. Tradi¢ni metody, které pouZivali stemmatologové
ke stanoveni pfibuzenskych vztahi rukopist, l1ze aplikovat pouze na kratké texty. Fylogeneticka
analyza si poradi s libovolné dlouhymi texty, asoveé naroénym tkolem zlstdva pouze pievod
textu do podoby matice znakt. Fylogenetické analyzy se tak dockaly napiiklad Canterburské
povidky od Geoffreyho Chaucera (Barbrook et al. 1998). Canterburské povidky se dochovaly
ve zhruba 80 verzich, samotny Chaucertiv origindl vSak ne. Fylogenetickd analyza 58
dochovanych verzi prologu Povidky Zeny z Bathu z 15. stoleti umoznila stanovit, které verze

jsou nejbliz§i ztracenému origindlu ze 14. stoleti. Také naznacila, Ze pivodni Chauceriv

%1 Alternativnim vysvétlenim mtiZze byt velmi rychla kladogeneze nebo prosté nedostatek dat.
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rukopis byl nejspiS pracovni, opoznamkovanou verzi. Proto se i verze vychéazejici pfimo z n¢j

mezi sebou znacné lisi jak textem, tak pofadim jednotlivych povidek.

Fylogenetické analyzy se neomezuji pouze na psané¢ verze piibéhlt. I vypravéni
(pohadky, povésti, legendy, myty) je mozné popsat souborem znakt a ty pak podrobit
fylogenetické analyze. Za zminku stoji naptiklad fylogeneticka analyza pohadky O Cervené
karkulce, jejimz autorem je jiz zminény Jamshid Tehrani (2013). Nam znama verze této
pohadky pochéazi z roku 1857 a jejimi autory jsou Jacob a Wilhelm Grimmové. Autorem
nejstarsi tisténé verze z roku 1697 je Charles Perrault. Perraultova verze je oproti verzi bratii
Grimmii temngjsi a vice moralizujici. Historie Cervené karkulky viak podle vieho saha do
mnohem hlub$i minulosti. Rizné verze tohoto piibéhu nalézdme v ustni tradici celé fady
z ¢inské pohadky O tygfti babiéce, nalézame ve vychodni Asii. V Aarne-Thompson-Utherové
katalogu lidovych vypravéni jsou rtizné verze piibéhu o Cervené karkulce uvadény pod
zkratkou ATU 333. N&které verze se svym obsahem bliZi piibéhu o vlku a détech (ATU 123),
roz§ifeném po znacné Casti Eurasie a Afriky, o kterém nckteti folkloristé predpokladaji, ze je
Cervené karkulce vzdalené piibuzny. Do této skupiny spadé naptiklad pohadka O neposluinych
kazlatkach. 58 verzi ptibéhit ATU 333 a ATU 123 rozsitenych v Eurasii a Africe bylo popsano
pomoci matice 72 znak@%?. Parsimonni a bayesianska fylogenetickd analyza ukédzala, Ze
Cervena karkulka a Neposlusna kiizlatka skute¢né pochazi ze spole¢ného predka. P¥ib&h o viku
a détech (ATU 123) je antického plvodu. Jeho nejstars$i psané verze jsou soucasti sbirek
Ezopovych bajek. Cervena karkulka (ATU 333) se od této linie piibéhti odstépila ve stiedovéku.
Africké verze jsou odvozeny od blizkovychodnich verzi ATU 123 a jejich podobnosti
s Cervenou karkulkou jsou vysledkem konvergence®. Cinské verze pohadky O tygii babiéce
jsou podle vSeho hybridniho puvodu, jak ukazala analyza metodou NeighborNet. Vznikly
ziejme& smisenim prvkl nékteré z evropskych verzi ATU 333 a vychodoasijskych verzi ATU
123 v 17. stoleti Analyza tak vyvratila hypotézu nékterych folkloristii a sinologii, ze Cervena

karkulka pochazi z ¢inského folkloru.

Podobné fylogenetické analyzy slibuji rekonstruovat archetypalni verze pohadek a myta

a rekonstruovat davné migrace lidské migrace. Distribuce nékterych kulturnich znakl ziejmé

92 Tyto znaky popisuji naptiklad druhovou piislusnost a pohlavi obéti, druhovou piislusnost Gito¢nika,
pribuzensky vztah k osobé, kterou obét’ ptichazi navstivit, divod navstévy, misto, kde dojde k utoku, zda je obét’
nakonec zachranéna, kdo je jejim zachrancem, jakym zptisobem zachrance zabije Gitocnika atd. Nechybi ani znak
,.Cerveny &epecek obéti neptitomen [0], pfitomen [1]*.

% yyjimkou je nigerijska verze Cervené karkulky v igbogting, ktera je odvozena pfimo od evropskych verzi.
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reflektuje velmi staré ptibuzenské vztahy. Negriti, lovecko-sbéracska etnika tmavé pleti a
drobného vzristu zijici na Andamanskych ostrovech, na Malajském poloostrové a na
Filipinach, sdileji viru v boha hromu a soubor tabu, jejichZ poruseni pfivola jeho hnév®. Tyto
kulturni shody svéd¢i o pribuzenském vztahu mezi témito etniky, jejichz predkové pfisli do
oblasti jihovychodni Asie a Indonésie dlouho pied pfichodem austroasijskych a austronéskych
zemédelen (Blust 2013). Australsti domorodci zijici v pobieznich oblastech Australie sdileji
myty o potopé, které ziejmé reflektuji zvednuti hladin oceanti na konci pleistocénu a zanik
Sahulu (Nunn & Reid 2016). Etnika vychodni Sibife a severu Severni Ameriky sdileji

specifickou verzi mytu, podle které je souhvézdi velké medvédice vyobrazenim lovu®. Jeji

rozsifeni muze souviset s jednou z migracnich vin z Asie do Severni Ameriky (Berezkin 2005).

Analyzy literarnich a folklornich pamétek nicméné tvofi jen malou ¢ast kulturné-
fylogenetickych studii. VEtsi ¢ast tvofi analyzy materidlni kultury, jako jsou vySe zminéné
studie designu vInénych tkanin nebo biidlicovych plaket. Cast studii se zabyva designem
kamennych nastroju, jehoz analyzy vyuziva k rekonstrukei lidskych migraci v pleistocénu,
nebo k odhaleni nezavislych (konvergentnich) vzniki obdobnych technologickych postupt pii
jejich vyrobé. Jiné studie se zabyvaji designem keramiky, prouténych kosii, vytvarného umeni,

hudebnich nastrojit nebo architektury (Lycett 2015).

Tyto analyzy se neomezuji pouze na lidskou kulturu. Antropologové Stephen Lycett a
Mark Collard a primatolog William MacGrew provedli kladistickou analyzu datasetu,
popisujictho 65 znaku chovani u sedmi Simpanzich populaci ze zdpadni, stredni a vychodni
Afriky (Lycett et al. 2007). Fylogeneze zaloZend na téchto znacich neodrdzi fylogenezi
Simpanzich populaci, zaloZenou na genetickych datech, coz je v rozporu S predstavou, Ze
rozdily v chovani téchto populaci jsou podminéné geneticky. Jelikoz behavioradlni odlisnosti
mezi Simpanzimi populacemi nejsou zavislé na mistni ekologii ani na fylogenezi, nezbyva nez
predpokladat, zZe tyto rozdily v chovani, zahrnujici pouzivani ndstroju, hygienické navyky a
socialni normy jsou podminény kulturné (viz kapitolu Jitky Lindové). Hodnoty CI a RI pro tento
dataset jsou srovnatelné jak s hodnotami pro datasety popisujici lidskou kulturu, tak pro
mezidruhové datasety zaloZené na molekularnich, morfologickych a etologickych datech.

Vnitroskupinovy vertikalni prenos hral zirejmé dominantni roli i v evoluci Simpanzi kultury.

% Tato bizarni tabu zahrnuji napt. paleni v&eliho vosku, hvizdani si za zp&vu cikad, pozorovani kopulujicich pst,
pouzivani hrnce k nabirani vody nebo soulozeni za bilého dne. Boha hromu je mozné si udobfit tim, Ze se ¢lovék
fizne do prstu a mrsti nékolik kapek své krve proti vétru ve sméru, z kterého piichazi boufe.

% Jednd se o mytus, jehoZ riizné verze jsou rozsifeny po celé Eurasii, v Severni a v Jizni Americe. Jednou z jeho

verzi je 1 mytus o Kallisto.
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Biologicka evoluce Evoluce jazyka

jednotky dédi¢nosti (napt. nukleotidy, aminokyseliny a geny) jednotky dédi¢nosti (napt. fonémy, slova a syntax)

ptirodni selekce kulturni selekce a trendy

replikace DNA socialni uceni (napf. emulace, imitace a vyuc¢ovani)

mutace inovace (napf. chyby, hlaskové zmény a slovni vyptjcky)

homologické znaky kognaty

drift drift

anageneze (prubézné zmény v ramci evolucénich linif) pribézné zmény jazyka (napf. vznik CeStiny ze starocestiny)

kladogeneze (speciace) Stépeni jazykul (prostfednictvim migrace, socialni nebo politické separace)
horizontélni pfenos genetické informace slovni vypiijcky

hybridni druhy (napft. zubr, jelen milu nebo vlk rudohnédy)  kreolStiny (napf. haitska kreolStina, surinamstina nebo unserdeutsch)

klinalni variabilita nare¢ni kontinua
fosilie star¢ texty
extinkce vymieni jazyka

Tabulka 1 Nékteré paralely mezi biologickou evoluci a evoluci jazyka (upraveno podle Pagel 2009, 406).
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Evoluce a fylogeneze jazyka

Vétsinu kulturné-fylogenetickych analyz tvofi analyzy jazyka, ktery je ,,modelovym
organismem* kulturni fylogenetiky (Tabulka 1). Jazyk splnuje kritéria selek¢né neutralniho

112 7 toho, jak slova zn&ji, by neméla

znaku. Slova jsou arbitrarné znéjici zvuky nesouci vyznam
plynout zadnd selekéni vyhoda. Jazyky, pfinejmensim casti slovni zésoby, jsou velmi
konzervativni. To plati jak pro slova, tak pro gramatickou strukturu (potfadi vétnych ¢lenti
apod.). Jazyk se u¢ime primarn¢ od rodict, sourozenct a dalSich pokrevnich ptibuznych. To,
7e jazyk se prendsi predevsim vertikalng, se v dasledku projevuje tim, zZe rozsifeni ptibuznych
jazykl zpravidla koreluje s rozsifenim urcitych genetickych variant. Fylogeneze zalozené na
genetickych datech a fylogeneze jazyki jsou si ¢asto podobné, a to na riznych geografickych
a jazykovych Skalach. Rozdéleni jedné populace na dvé fyzicky oddélené populace povede ke
snizeni kontaktu mezi jedinci z té€chto populaci, cozZ ptispéje k jejich genetickému 1 jazykovému
odlieni. Geograficka vzdalenost dvou populaci je dobrym prediktorem intenzity migrace mezi

nimi, cozZ se projevi jak na genetické, tak na jazykové diverzité téchto populaci (Creanza et al.

2015).

Tak jako ve fylogenetice rekonstruujeme fylogeneze organismil na zaklad¢ sdilenych
homologickych znakd, at’ uz jde o kosti nebo nukleotidy, v historické lingvistice musime
nejprve identifikovat homologickd slova. Tato slova, kterd podobné znéji (fonologicka
podobnost) a maji podobny vyznam (sémanticka podobnost), se nazyvaji kognaty*®. Naptiklad
slova bratr (Cesky), brat (polsky), opar [brat] (rusky), brother (anglicky), Bruder (némecky),
brodir (islandsky), bror (Svédsky), bralis (litevsky), brawd (velssky), frére (francouzsky),
fratello (italsky), frate (rumunsky), frater (latinsky), epétnp [frdtér] (starofecky), biratar (v
sanskrtu) jsou navzdjem homologick4 a vSechna pochézeji ze spole¢ného predka, kterym je

proto-indoevropské *blréhatertts,

Jestlize jsou kognaty analogii homologickych znakli, pak urceni, kterd slova jsou

kognaty a kterd ne, je analogické postupu, ktery fylogenetici nazyvaji alignment. To mize byt

112 To plati do jisté miry a pro vétsinu sémantickych kategorii. Naptiklad onomatopoicka slova jako bum a kuku
nebo ideofony (expresiva), napiiklad cik cak nebo halabala, ndhodné neznégji a 1ze o¢ekavat, Ze budou znit
podobné i v nepiibuznych jazycich.

113 Kognat (z latinského cognatus, spoleéného piivodu) je antropologicky a pravni pojem pro piibuzné v piimé
linii, a to po otci i po matce.

114 Francouzsky renesanéni uéenec Joseph Justus Scaliger jiz v 16. stoleti klasifikoval evropské jazyky do &ty

skupin na zékladé zptisobu, jakym nazyvaji boha - deus, god, bog a 8¢ [theds]. Uspéiné tak identifikoval
romanské, germanské a slovanské jazyky a izolovanou fectinu.
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docela ofiSek, protoze homologie neznamena nutné¢ podobnost (zatimco napiiklad ceského
bratr a anglické brother jsou zjevné kognaty, u francouzského frére uz si natolik jisti nejsme).
Homologie znac¢i odkaz k piivodnimu stavu, ke spolecnému piedkovi, ale jak se evolucni zmény
v pribéhu &asu hromadi, tak se homologické prvky postupné odlisuji. Ceské bratr je
homologické slovenskému brat a také arménskému efbair, podobné jako je lidska kli¢ni kost
(klavikula) homologicka kli¢ni kosti Simpanze a také sankam (furcule) holuba. Po ur¢itém case
uz kognaty nelze spolehlivé rozeznat a slova ve vzdalené ptibuznych jazycich mohou znit
podobné Cisté nahodou. Tyto takzvané faleSné kognaty jsou analogii konvergenci (homoplasii).
Naptiklad v arabstiné i v mongolstiné se bratr fekne akh, coz ale nevypovida nic o
pribuzenském vztahu téchto jazykl. Kognat mize chybét a mulze byt nahrazen
nehomologickym slovem. Napiiklad $panélsky vyraz pro bratra hermano a podobné znéjici
vyrazy v iberoromanskych jazycich, jako je portugalské irmdo, nejsou odvozena od latinského
frater, ale od latinského adjektiva germanus. Kognaty mohou byt také odlisna slova jednoho
jazyka, napiiklad anglicka slova skirt a shirt jsou kognaty. Tyto takzvané dublety jsou
analogické homologickym molekularnim sekvencim vzniklym nikoli rozdélenim evolu¢nich
linii (speciaci), ale duplikaci uvnitt evolu¢ni linie (takzvané paralogni sekvence). Ve vétsing
jazykl pak nalézdme nemalé mnozstvi slovnich vyptijéek, diisledks horizontalniho pienosul?®.
Naptiklad maltsky vyraz pro bratra brother je vypujcka, nikoli doklad o pfibuzenském vztahu
k angli¢tin¢€. MaltStina neni indoevropsky, ale afroasijsky (semitsky) jazyk. V evoluci jazyka

nalézame také analogie mezidruhové hybridizace - kreolské a smiSené jazyky.

Podobnych anomalii je v jazyce spousta a kazda znamené problém pro fylogenetickou
analyzu. Reseni spodiva v analyze vétiiho souboru dat (slov), ¢imZ se jednotlivé anomalie
navzajem vyrusi. Slova slouZici k rekonstrukci ddvnych ptibuzenskych vztahit ov§em nemohou
byt vybrana nahodn€. Mnoha slova se pro tento ucel nehodi, protoZe budou v mnoha jazycich
chybét nebo pijde o slovni vypajeky zjinych jazyka!'®. Jazykovédci proto pracuji se

souboryslov takzvaného zakladniho slovniku, ktera se vyvijeji pomalu, pfenaseji se vertikalné

115 Rizné jazyky jsou v rtizné mife inkluzivni. Nejméné jazykovych vyptjéek (2 %) obsahuje mandarinska
¢instina, nejvice (63 %) selicka romstina.

116 Anglic¢tina obsahuje nepieberné mnoZstvi jazykovych vypiijéek z rozmanitych jazykd. Tak napiiklad slovo
rajce (tomato) pochazi z jazyka Aztéka (nahuatl), zatimco slovo kecup (ketchup) pochazi z kantonstiny. Slovo
¢aj (tea) pochazi z mandarinské ¢instiny, kdva (cofee) z arabstiny (pfes tureétinu), kavdrna (café)

z francouzstiny, cukr (sugar) ze sanskrtu (pies perstinu a arabstinu). Slovo kamarad (pal) je piejaté z romstiny a
slovo brebentit (jabber) z australského jazyka Woiwurrung. Slova tabu (taboo) a tetovani (tatoo) pochazi

z austronéskych (malajsko-polynéskych) jazykll. Vypujcky z Eestiny do anglictiny zahrnuji slova pistole (pistol),
polka (polka) a robot (robot).
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surinamstina

angli¢tina

pensylvanska némcina

fristina

néméina

hizozemstina holandstina

afrikanitina
némcina
| T surinamstina
anglictina
fristina

afrikanstina

holandétina

nizozemstina
pensylvanskd némcina

Obr. 6 Fylogeneticka sit’ a fylogeneticky strom germanskych jazykd, znazoriujici konflikty se
stromovitym modelem evoluce a hybridiza¢ni udalosti, vytvofené metodami NeighborNet a

Galled networks (upraveno podle Willems et al. 2016, 9).

a malo se vypujcuji mezi nepiibuznymi jazyky (na rozdil od slov jako bandn nebo software).
Slova zakladniho slovniku zahrnuji tdzaci z&jmena, zakladni Cislovky, zakladni slovesa,
oznaceni Casti lidského téla, zakladni tikony, pfirodni substance, zivly a dalsi slova, ktera jsou
vicemén¢ nezavisld na mistnich podminkach a na technologické vyspélosti pfislusného etnika.
Nejznaméjsim takovym souborem slov je takzvany Swadeshliv seznam, pojmenovany podle
Morrise Swadeshe, zakladatele lexikostatistiky. Tti verze tohoto seznamu ¢itaji 200, 100 a 35
slov (jd, ty, to, kdo, co, jeden, dva, ryba, pes, ves, krev, kost, vejce, roh, ocas, ucho, oko, nos,
zub, jazyk, ruka, vedet, umrit, dat, slunce, mésic, voda, sul, kamen, vitr, ohen, rok, plny, novy,

slovo).
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Matici znaku, zakladajici se zpravidla na pfitomnosti/nepiitomnosti kognatu pro dané
slovo v daném jazyce (napt. bratr [0], brat [0], hermano [1], irmdo [1]), je pak mozné
analyzovat nékterou z fylogenetickych metod, ktera rekonstruuje ptibuzenské vztahy mezi
jazyky, které jsou minimalné ovlivnéné horizontdlnim prenosem. Napiiklad angliCtina je
pestrou smésici slov, pochazejicich z jazykt Keltt, Rimant, Angld, Sast, Juti a Normant, s
cetnymi piispévky z latiny a fectiny, francouzstiny a italStiny a také z turectiny, arabstiny,
perstiny a hindstiny. Uvadi se, ze 99 % anglickych slov uvedenych v Oxford English Dictionary
jsou vypujcky z jinych jazyki, pfiCemz vice nez polovina z nich jsou vyptjcky z normanstiny,
které do anglického slovniku pronikly po bitvé u Hastingsu v roce 1066. Ve Swadeshové
seznamu je nicméné z 200 slov pouhych 12 vypujcek a fylogenetickd analyza zakladniho
slovniku tak spolehlivé odhali angli¢tinu jako severogermansky jazyk pfibuzny fristin€. Novéjsi

metody rekonstrukce umoznuji znazornit také horizontalni ptenos (Obr. 6).

Fylogenetickd analyza lexikalnich dat umoziuje rekonstruovat nejen piibuzenské
vztahy, ale také délky vétvi, které odpovidaji poctu zmeén, které se udaly v jednotlivych
ptibuzenskych liniich. Po dosazeni kalibra¢nich bodu, zaloZzenych na historickych pramenech
nebo archeologickém ziznamu, je mozné odvodit stafi jednotlivych uzli a kofene
fylogenetického stromu (tato metoda neptedpokladda konstantni rychlost lexikalni zmény jako
glottochronologie). Tyto metody pak mizeme vyuzit pii studiu historie jednotlivych

jazykovych skupin.

Rekonstrukce davnych lidskych migraci - kulturni fylogeografie

Kde lezela indoevropska pravlast (Urheimat) a jak staré jsou indoevropské jazyky, jsou
jedny z nejvétSich otazek historické lingvistiky. Tradi¢ni, takzvand kurganskd hypotéza
litevsko-americké archeolozky Marije Gimbutasové predpoklada, ze indoevropska pravlast
lezela v oblasti ponticko-kaspickych stepi na sever od Cerného a Kaspického mote (dnesni
jihozapadni Rusko a Ukrajina). Mluv¢i proto-indoevropského jazyka byli koCovni pastevci
skotu, ovci, koz a koni, kteti pfitdhli do Evropy v dobé bronzové, pred 4-6 tisici lety.
Alternativni hypotéza britského archeologa Colina Renfrewa ptedpokladd, ze proto-
indoevropané byli zeméd¢lci, kteti do Evropy piisli z oblasti Anatolie (dneSni Turecko), a to

podstatné diive, pied 8—10 tisici lety.

Prvni bayesianskd fylogenetickd analyza indoevropskych jazykll stanovila stafi

indoevropské jazykové rodiny na 7 800-9 800 let (Gray & Atkinson 2003). Navazujici studie
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urcila jako zdroj expanze Anatolii (Bouckaert et al. 2012). Novéjsi analyza téhoz datasetu,
zalozend na odlisné metodé ¢asové kalibrace fylogenetického stromu stanovila staii spole¢ného
predka indoevropskych jazykt na Sest tisic let!!’ (Chang et al. 2015). Stepni hypotéza byla
podpofena také rozsahlou archeogenetickou analyzou, ktera odhalila, ze lidé kultury jamnaja,
zijici v klicové oblasti ponticko-kaspickych stepi, expandovali ptfed zhruba 4 500 lety do
Evropy, kde vyznamnou mérou pfispéli ke genetickému profilu lidi Kultury sndrové keramiky.
Tato kultura se nasledné rozsitila pfes znacnou ¢ast stiedni a vychodni Evropy. Autoii studie
spekuluji, ze lidé kultury jamnaja by mohli byt onémi zadhadnymi mluvéimi proto-

indoevropského jazyka (Haak et al. 2015).

Rekonstrukce fylogenetického stromu jazyki umoznuje také rekonstrukci slovniku
spole¢ného piedka téchto jazyku (proto-jazyka). Jde o mapovani zmén jednotlivych slov na
topologii stromu od koncovych vétvi ke spoleénym predkiim. Tento postup je analogicky tomu,
co evolucni biologové nazyvaji fylogenetickd rekonstrukce ancestralnich znakovych stavi.
Zatimco biologové mohou rekonstruované morfologické znaky porovnat s fosilnim zaznamem,
jazykovédci, ktefi rekonstruuji lexikdlni znaky, porovnavaji své zdvéry s archeologickym

zdznamem, historickymi prameny a starymi texty.

Rekonstruovany proto-jazyk ndm umoziiuje nahlédnout do zpisobu Zivota, socialniho
usporadani a prostredi v jakém zili jeho mluv¢i a v kombinaci s fylogenetickym stromem nam
muize pomoci lokalizovat pravlast pfisluSné jazykové rodiny. Naptiklad proto-indoevropsky
jazyk obsahoval slova jako ki (*ékwos), dobytek (*g"ous), jaimo (*yugém), kolo (*k ek*lo-)
a ,,cestovat ve voze* (*wegh-), coz dale podporuje hypotézu o stepnim pivodu indoevropskych
jazyku. Rekonstrukce, provadéné autoritami v oboru historické lingvistiky, se tradi¢né neobesly
bez jisté davky intuice a spekulaci. Evolu¢ni biolog Ward Wheeler z Amerického muzea
ptirodni historie, vyvinul k rekonstrukci proto-jazyka algoritmus, vyuzivany v molekularni
fylogenetice k rekonstrukci ancestralnich sekvenci DNA (slova, stejné jako geny, koneckonct
také zapisujeme pomoci sekvenci pismen). Tento algoritmus pak uplatnil pfi rekonstrukei

evoluce a fylogeneze juto-aztéckych jazyki (Wheeler & Whiteley 2015).

Jak hluboko do minulosti je moZzné vztahy mezi jazyky rekonstruovat? VétSina

jazykovédcu je presvédcena, ze vzhledem k rychlosti, jakou se jazyk vyviji, pfestavaji byt po

117 Tato analyza se od obou ptedchozich lisila jednim podstatnym detailem. Stfedoveké a starovéké jazyky,
povazované za piedky dnesnich skupin indoevropskych jazykl (napf. latina jako pfedek romanskych jazykt a
sanskrt jako predek indoiranskych jazyka) vystupovaly v této analyze nikoli na pozici pfibuznych, jako koncové
vétve, ale na skutecné pozici predkd, tj. jako vnitini vétve fylogenetického stromu.
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zhruba osmi tisicich letech kognaty rozeznatelné a vSechny zdanlivé fonologické a sémantické
podobnosti mezi slovy nejsou ni¢im jinym nez dilem nahody (jde o fale$né kognaty). Z toho
vyplyva, Ze na zakladé lexikalnich dat neni mozné rekonstruovat fylogenetické vztahy starsi
nez zhruba osm tisic let. Fylogenetik Mark Pagel, pusobici na Univerzité v Readingu, studoval
rychlost, jakou se vyvijeji slova v indoevropskych jazycich (Pagel et al. 2007). Mezi
jednotlivymi slovy existuji velké rozdily v ,,mutac¢ni“ rychlosti a to i v ramci zakladniho
slovniku (Swadeshiiv seznam o 200 slovech). Zatimco pro slovo bratr existuji v ramci
indoevropskych jazykt dva kognaty, pro slovo spinavy jich existuje 46. ,,Mutacni rychlost®
slov Ize vyjadfit ,,polo¢asem rozpadu slova, coz je doba, po jejimz uplynuti existuje 50 %
Sance, ze kognat bude nahrazen ne-kognatem (at’ uz skrze mutaci nebo slovni vyptjcku).
S vyuzitim fylogeneze indoevropskych jazykt dospél Pagel a jeho tym k zavéru, ze primérny
(medianovy) polocas rozpadu slova v indoevropském jazyce je 2 000-2 500 let. To se miize
zdat jako pomérné kratkd doba, nicméné je to stale vic, nez je primérna délka existence
indoevropského jazyka (500-1 000 let). Homologicka slova tedy piezivaji Stépeni jazykd,
podobn¢ jako homologické geny piezivaji speciaci druhl. Pfitom existuji i mimotadné
konzervativni slova, k nimz patii zajmena ja a kdo nebo zakladni ¢islovky dva, 7 a pét, ktera
maji napfi¢ indoevropskymi jazyky jen jeden kognat, a jejich polocas rozpadu dalece pfesahuje
10 tisic let. Nejkonzervativnéjsi slova jsou ta, ktera pouzivame v kazdodenni mluve s nejvyssi
frekvenci. Sem patfi tazaci zajmena (co, kdy, kde, jak), ukazovaci zajmena (tady, tam), zaporna
zajmena (nic) a zakladni Cislovky (jedna, dvé), tedy obecné slova, ktera slouzi hlavné k
informovani se o socialnich vztazich. Vyjadfujeme jimi, kdo, kdy, kde a co komu udé¢lal,
piipadné jak casto a kolikrat. Frekvence pouzivani slov v soucasnych jazycich tak predikuje
rychlost jejich evoluce v pribéhu tisici let. Tato konzervativni slova je mozné vyuzit
k rekonstrukci davnych piibuzenskych vztahti mezi jazykovymi rodinami. Dal$i moznost
posunuti hranice rekonstruovatelnych vztahii hloubéji do minulosti nabizi vyuZiti strukturnich
(gramatickych a syntaktickych) znaku, jako je ohybani slov nebo potadi vétnych ¢lend, které
se vyvijeji pomaleji a jsou méné nachylné k horizontalnimu pienosu nez lexikalni znaky (Dunn
et al. 2005). Tyto pfistupy tak oteviraji moznost rekonstrukce velmi starych piibuzenskych

vztahli mezi jazykovymi rodinami a izolovanymi jazyky.

VétsSina dosavadnich fylogenetickych analyz jazyka se nicméné tyka jednotlivych
jazykovych rodin, jako je rodina indoevropskd, austronéskd nebo bantuskd, které jsou
holocenniho stafi a jejichz expanze byla podnicena néjakou kulturni inovaci, nejcastéji

vynalezem zemédélstvi.
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Jestlize je jazyk modelovym organismem kulturni fylogenetiky, pak Oceanie je jeji
piirodni laboratoii. Osidleni této oblasti svéta, zejména Vzdalené Oceaniel'®, je relativné mladé
a ostrovni kultury pfedstavuji pomérné dobfe vymezené jednotky. Mnozstvi fylogenetickych

analyz jazyka 1 jiné, materidlni 1 nematerialni kultury, se proto tyka pravée této oblasti svéta.

Otazka, jak lidé dokdzali kolonizovat odlehl¢ tichomoiské ostrovy, fascinovala
Evropany po staleti. Na téchto ostrovech se mluvi polynéskymi jazyky, které jsou soucasti
Austronéskeé jazykové rodiny. Tato jazykova rodina zahrnuje vice nez 1 200 jazyka, rozSifenych
v oblasti Indického a Tichého oceanu o rozloze pies 26 000 km?. Vétsina udenci, pocinaje
Jamesem Cookem, ptedpokladala, ze Oceanie byla kolonizovana od zapadu, odnékud z jizni
nebo jihovychodni Asie. V 50. letech dvacatého stoleti zajem o toto téma vyvrcholil diky usili
Thora Heyerdahla, ktery podnikl v roce 1947 na balzovém voru Kon-Tiki plavbu od pobiezi
Peru k souostrovi Tuamotu ve Francouzské Polynésii ve snaze dokazat, ze Oceanie byla
kolonizovana od vychodu, z Jizni Ameriky. VétSina antropologi, archeologt i jazykovédct

vSak zlstavala presvédcena o asijském ptivodu Austronésand.

Na pielomu stoleti se proti sobé staly dvé hypotézy. Prvni z téchto hypotéz byla v 80.
letech zpopularizovana biologem a antropologem Jaredem Diamondem pod nazvem Express
Train to Polynesia (Diamond 1988) a pozdgji dale rozvedena archeology a lingvisty. Tato
hypotéza predpoklada, ze austronéské jazyky maji ptivod na Taiwanu, odkud se pted zhruba
péti tisici lety zacaly §ifit do Indonésie a Oceanie. Jejich expanze byla spojena s Sifenim tzv.
lapitské kultury spojené se zeméd¢lstvim a chovem domacich zvifat, pokro¢ilymi rybarskymi
a mofteplaveckymi technikami a charakterizované obsidianovymi nastroji a typickou
keramikou. Béhem rychle postupujici expanze pies Filipiny, Indonésii a Melanésii se mluvci
austronéskych jazykiti minimaln€ misili s pivodnimi obyvateli, pfibuznymi Papuanciim, kteti
tyto oblasti svéta kolonizovali dlouho pfed nimi. K miseni genii a kultury mélo dojit az
V nasledujicich obdobich. Druha hypotéza, kterd byla zpopularizovana genetiky Stephenem
Oppenheimerem a Martinem Richardsem pod nazvem Slow Boat model (Oppenheimer &
Richards 2001), predpoklada star$i, pleistocénni pivod austronéskych jazykt v oblasti
Indonésie na vychod od Wallaceovy linie (Sulawesi, Moluky a Malé Sundy) pfed zhruba 15
tisici lety a jejich postupné Sifeni ve vSech smérech, spojeny s intenzivnim genetickym a

kulturnim misenim. Pozd&j$i verze této hypotézy se z velké casti zakladaji na genetice,

118 Oblast Tichomoti na vychod od Salamounovych ostrovi.
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piedevsim analyzach mitochondridlni DNA a chromozomu Y, které¢ dokladaji, Ze obyvatelé

zapadni Polynésie jsou smési vychodoasijskych a papuanskych genetickych komponent.

Fylogeneticka analyza je mimoiadné vhodnym néstrojem pro testovani téchto hypotéz.
Prvni hypotéza implikuje topologii stromu s bazalni pozici taiwanskych (formoskych) jazyka a
hiebinkovitou strukturu, odrazejici postupnou kolonizace ostrovii, v souladu s postupem
expanze navrzenym hypotézou Express Train. Stafi kofene tohoto stromu a délka vétvi by navic
meli odrazet holocénni stafi jazykové rodiny a rychlost expanze. Druhd hypotéza implikuje
strom, zakotenény v oblasti jihovychodni Indonésie, sestavajici ze dvou kladl - vychodniho a
zapadniho. Tento strom by mél mit niz§i rozliSeni, vzhledem k pfedpokladanému
pleistocennimu stafi jazykové rodiny a intenzivnimu horizontdlnimu pfenosu v prubéhu

postupného Sifeni austronéskych jazyk.

Prvni fylogenetickd analyza, zalozena na lexikalnich datech, jejimiz autory jsou
antropologové Russel Gray a Fiona Jordanova z Aucklandské univerzity, podpoftila hypotézu o
rychlé expanzi austronéskych jazykt z Taiwanu (Gray & Jordan 2000). Navazujici analyza
stanovila stafi austronéské jazykové rodiny na zhruba pét tisic let a rekonstruovala chronologii
expanze (Obr. 7). Délka vétvi umoznila stanovit, jak se rychlost expanze ménila v priabéhu ¢asu
(Gray et al. 2009). Fylogenetické analyzy jazyki byly pozdé&ji doplnény o komplementarni
analyzy kulturnich artefakti. Analyza designu lapitské keramiky z oblasti vychodni Melanésie
odhalila mnozstvi konfliktd se stromovitym modelem evoluce, svéd¢icim o intenzivnim
kulturnim miseni v oblasti (Cochrane & Lipo 2010). Naopak analyza designu polynéskych
kanoi urcila jako zdroj expanze do Polynésie FidZi a rekonstruovala postup expanze, ktery je
v souladu s archeologickymi daty (Rogers et al. 2009). Analyzy genetickych dat svéd¢ily spise
pro hypotézu Slow Boat, tedy pleistocénni pivod austronéskych jazyki se zdrojem v Indonésii
vysledkem dlouhodobého miseni piivodnich obyvatel Indonésie a Melanésie s nové ptichozimi
Austronésany. Potvrzeni hypotézy Express Train piinesla az archeogeneticka studie, ktera
prokazala, ze lidé kultury lapita, zijici pfed 23 tisici lety na ostrovech Vanuatu a Tonga, byli

geneticky pfibuzni dne$nim Taiwancim, ale nikoli Papuancim, a k miseni tedy doslo

dodate¢né (Skoglund et al. 2016).
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Obr. 7 Mapa a fylogeneticky strom 400 austronéskych jazyku, zachycujici priubéh austronéské
expanze. Na map€ a na vodorovné Skale jsou vyznafeny dvé delsi pauzy v prib&hu jinak
plynule postupujici expanze. Prvni pfed kolonizaci Filipin (odd€leni malajsko-polynéskych
jazykti od vychodoformoskych jazykl, jedné z deviti skupin austronéskych jazykl na
Taiwanu), druha pied kolonizaci Polynésie (odd€leni polynéskych jazykl od jazykd souostrovi

Fidzi) (upraveno podle Gray et al. 2009, 480).

Archeologie ve spojeni s historickou lingvistikou, kulturni fylogenetikou a populaéni
genetikou tak nakonec poskytly uceleny obraz kolonizace Ocednie mluv¢imi austronéskych
jazykl. Zdrojem austronéské expanze byl pied zhruba péti tisici lety Taiwan. Austronéské
jazyky se dé€li na deset skupin, z nichz devét (zahrnujicich 20 jazykt) se vyskytuje pouze na

Taiwanu, zatimco desata, malajsko-polynéska (zahrnujici 1 237 jazykd) je rozsifena od Filipin



po Madagaskar na zapadé a Velikono¢ni ostrov a Havaj na vychod&!'®. Expanze byla zfejmé
podnicena vynalezem vahadlové kanoe, ktery umoznil ptekonani 350 km Sirokého Luzonského
prulivu a kolonizaci Filipin. Tuto teorii podporuje mimo jiné piitomnost terminologie spojené
s vahadlovymi kanoemi v proto-malajsko-polynéském, ale nikoli proto-austronéském slovniku.
Z Filipin se mluvci austronéskych jazyka Sifili na jihovychod, do oblasti Velkych Sund a do
Indo¢iny a eventudlné také na Madagaskar'?®. Expanze zarovei postupovala na vychod pies
Malé¢ sundy a podél severniho pobtezi Nové Guineje do Melanésie a Vzdalené Ocednie, aniz
by se vyznamné misili s ptivodnimi obyvateli Nové Guineje a okolnich souostrovi. Souostrovi
Fidzi pak slouzilo jako odrazovy miustek pro kolonizaci vzdalenych ostrovli v Polynésii, az
nakonec v 10.—13. stoleti n. 1. byly kolonizovany souostrovi Havaj, Velikono¢ni ostrov a Novy

Zélandt?L,

Dalsi provedené fylogenetické analyzy jazyka zahrnuji jazyky bantuské, semitskeé,
turkické, severokavkazské, uralské, pama-nyunganské, mon-khmerské, japonsko-rjukjuské,
dene-jenisejské, juto-aztécké, aravacké, jazyky tupi-guarani a dalSi. Nadto se objevuji prvni
formalni fylogenetické analyzy zahrnujici vice jazykovych rodin, které davaji nadéji, ze jednou
budeme schopni rekonstruovat globalni fylogenezi vSech sedmi tisic svétovych jazyka (Jager

2015).

Fylogenetické komparativni analyzy kulturnich fenoménti

V roce 1888 mél Edward Burnett Tylor pfednasku na Kralovském antropologickém Institutu
Vv Londyné. Tylor, ktery shromazdil etnografickd data o 350 lidskych spolecnostech, zjistil, ze
spolecnosti s méné¢ komplexnim spoleCenskym uspotaddnim (napf. lovecko-sbéracske

spolec¢nosti s kmenovym uspofadanim) jsou zpravidla matriarchélni, zatimco spole¢nosti

119 Je to jako kdyby se v oblasti zapadni Eurasie sahajici od Velké Britanie po Sri Lanku a Asam hovofilo pouze
slovanskymi jazyky, zatimco vSechny ostatni indoevropské jazyky, véetné romanskych, germanskych, keltskych
a dal$ich se vyskytovaly pouze v Irsku.

120 Malgastina je austronésky jazyk, blizce piibuzny bornejskému jazyku Ma’anyan. Prvky materidlni kultury
spojujici Malgase s obyvateli Indonésie zahrnuji vahadlové ¢luny, hudebni néstroje (napf. xylofon), metalurgické
techniky ¢i péstovani ptivodem asijskych zemedélskych plodin (ryze, banany, yamy a taro). Genetické analyzy
svédci o osidleni Madagaskaru skupinou ¢itajici zfejmé pouhych nékolik desitek lidi indonéského pivodu v 9.
stol. n. I.

121 Austronésti moteplavci, kteid ve 13. stol. n. 1. kolonizovali Velikono&ni ostrov, nakonec dosahli také
zapadniho pobfezi Jizni Ameriky. O pfedkolumbovskych kontaktech mezi obyvateli Polynésie a Jizni Ameriky
svédci genetické i1 kulturni ditkazy, mimo jiné pfitomnost ptivodem jihoamerické plodiny povijnice batatové
(Ipomoea batatas) v Oceanii, archeologické nalezy slepi¢ich kosti v Chile datované do 14. stol. n. L. a

V neposledni fad¢ jihoamericka genetickd komponenta v genomech obyvatel Velikono¢niho ostrova. Oceanie
sice byla kolonizovana od zapadu, ale Thor Heyerdahl mél pravdu v tom, Ze technologie, kterou austronésti
mofteplavci disponovali, umoznovala plavbu z Jizni Ameriky do Polynésie.
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s komplexnéjsSim spoleCenskym uspofddanim (napt. zemédélské spoleCnosti se statnim
zfizenim) jsou zpravidla patriarchalni. Z toho usoudil, ze evoluce lidského rodinného
uspotadani spéje od matriarchalniho k patriarchalnimu. V publiku pfitomny Francis Galton
namitl, Ze z korelace mezi spolecenskym a rodinnym uspotradanim nelze vyvozovat nic o
evoluéni sekvenci. Je nutné vzit v uvahu ptibuzenské vztahy mezi spole¢nostmi 1 mozné
kulturni vyptjcky. Galtonova kritika se v budoucnu stala znamaé pod nazvem Galtoniiv problém
nebo také problém statistické autokorelace. Lidské spole¢nosti nejsou navzajem nezavislymi
jednotkami statistické analyzy jak diky svym pfibuzenskym vztahtim, tak diky své geografické
blizkosti, ktera usnadniuje horizontalni pienos. Tento problém, spolecny antropologii i evolu¢ni
biologii, si antropologové uvédomili jako prvni a v pribéhu dvacatého stoleti se s nim snazili
vyporadat riznymi zpusoby, zpravidla vytvafenim dataseti pro komparativni analyzy,
sestavajicich z ,,nepiibuznych® spolecnosti (napt. Standardni kross-kulturni vzorek). Takové
metody mohou Galtonliv problém umensit, ale nikoli eliminovat. V 80. letech vyvinuli evolu¢ni
biologové statistické metody umoziujici meéfit znakové korelace se zohlednénim
fylogenetickych vztahii a také rekonstruovat evolu¢ni historii. Od 90. let zacali tyto metody
vyuzivat 1 sami antropologové. Zaklddaji se na kombinaci etnografického zidznamu a
fylogenetického stromu lidskych etnik, zalozeného na analyze genetickych nebo lingvistickych
dat, a umoziuji nejen testovat evolu¢ni sekvence navrzené antropology, ale také rekonstruovat

aspekty zivota davnych spolec¢nosti, které nezanechéavaji stopy v antropologickém zaznamu.

Studie antropologi Ruth Maceové a Toma Currieho z University College London mapovala
vzestupy a pady socio-politické organizace v pribéhu kolonizace Oceanie mluvéimi
austronéskych jazyka (Currie & Mace 2011). Austronéska expanze, na jejimz pocatku stali
taiwansti zeméd¢€lci, dala postupné vzniknout vyspélym nacelnictvim i nékolika statnim
utvarim, ovladajicim rozsdhld tizemi. Vyspéld néacelnictvi vznikla napiiklad ve vzdalené
Oceénii na souostrovich Samoa a Tonga, statni ttvary vznikly na Sumatie (Srividzaja) a na
Javeé (MadzZapahit) a pozdéji také na Madagaskaru (Merinska tiSe) a na Havaji (Havajského
kralovstvi). Néktera etnika, napfiklad Maorové na novém Zélandu, naopak dodate¢né piesla
k lovecko-sbéracskému zptisobu zivota a k jednoduchému nacelnictvi. V nékterych piipadech,
napiiklad na Gambierovych ostrovech nebo na Velikonoénim ostrové, doslo k rapidnimu
zhrouceni socio-politické komplexity (Diamond 2008). Oceédnie tak predstavuje unikatni
pfirodni laboratof pro testovani navrZzenych modelt evoluce kultury. Currie a Maceova vyuzili
fylogenezi austronéskych jazykti v kombinaci s etnografickym zaznamem, proti kterym

testovali nékolik modelll evoluce socio-politické organizace. Model, ktery nejlépe odpovida
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distribuci znakovych stavii na fylogenezi, piedpoklada postupny narust socio-politické
komplexity (od kmenového usporadani pres jednoduché a vyspélé nacelnictvi po statni ziizeni)
a jeji postupny, pfipadné rapidni pokles. Studie také zjistila, ze ancestralni austronéska
spolec¢nost byla kmenova, bez jurisdikéni hierarchie a Ze vznik statniho usporadani je podminén
pritomnosti socialni stratifikace. Tyto zavéry jsou v pozoruhodném souladu s ptedpoklady
evolucionistickych antropologii Herberta Spencera a Edwarda Burnetta Tylora. Souvisejici
studie, jejimiz autorkami jsou Fiona Jordanovd a Ruth Maceova, zjistila, Ze ancestralni
austronéskd spole¢nost byla matrilokalni, pficemz ke zménam socidlniho uspotfadani od
matrilokalniho na patrilokdlnimu doslo nezavisle na Filipinach, na Velkych Sundach a

v Mikronésii (Jordan et al. 2009).

Obdobné metody byly uplatnény pfi studiu kulturni historie mluv¢ich indoevropskych jazykii.
Dnes tak vime nejen to, kde a kdy indoevropské jazyky vznikly, ale také, ze jejich mluvci
praktikovali monogamni snatky, platili cenu za nevéstu a jejich socialni organizace byla
patrilokdlni. Nejenze dokazeme rekonstruovat proto-indoevropsky jazyk, ale jsme dokonce

schopni rekonstruovat ptibchy, které si jeho mluvei vypravéli.

Nékteii folkloristé 19. stoleti, naptiklad Wilhelm Grimm?'??, byli presvédéeni, ze evropské
pohadky maji zdklad v Ustni tradici sahajici hluboko do minulosti, zatimco jini pfedpokladali,
Ze vétiina roziifenych pohadek je produktem novovéké literarni tradice. ReSeni tohoto sporu,
ktery se tahl po celé 20. stoleti aZz do soucasnosti, naraZelo na dva problémy. Je t€Zké urcit, jak
staré jsou mezinarodné rozsifené pohadky, protoze jejich nejstarsi psané verze pochazeji z 16.
stoleti nebo z pozd¢€jsi doby a protoze pohadky se, zejména v poslednich staletich, rozsitily diky
ptekladiim. Tyto problémy, absenci fosilniho zdznamu a horizontalni pfenos, fe¢eno evolu¢né-

v ow we

biologickymi pojmy, Ize elegantné fesit pomoci evolu¢né-biologickych metod.

Studie vznikla pod vedeni Jamshida Tehraniho se zabyvala tim, jak hluboko do minulosti saha
historie evropskych pohadek (da Silva & Tehrani 2016), konkrétné ptib&hu, které jsou v Aarne-
Thompson-Utherové katalogu uvedeny pod oznacenim ATU 300-ATU 749. Tyto piibéhy
zahrnuji nékteré nejznaméjsich pohadek, napiiklad Jenicek a Matfenka (ATU 327A) nebo
Kraska a zvite (ATU 425C). Pomoci dvou testi horizontidlniho pfenosu byly ze souboru

vylouceny pohadky, jejichz distribuce na fylogenetickém stromu je vysledkem horizontalniho

122 «The outermost lines [of common heritage in stories] . . . are coterminous with those of the great race which
is commonly called Indo-Germanic, and the relationship draws itself in constantly narrowing circles round the
settlements of the Germans . . . It is my belief that the German stories do not belong to the northern and southern
parts of our fatherland alone but that they are the absolutely common property of the nearly related Dutch,
English and Scandinavians” (Grimm, 1884, p. 576)
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pienosu mezi nepiibuznymi jazyky, i1 ty, jejichz geografickd distribuce je vysledkem
horizontdlniho pfenosu mezi sousednimi populacemi. Takto byli ze souboru vylouceni
naptiklad Jeni¢ek a Marenka, ale ne Kraska a zvife. Dataset popisujici piitomnost ¢i
nepfitomnost jednotlivych pfibéhti byl poté optimizovan na topologii fylogenetického stromu
indoevropskych jazyki. Ctrnact ze 76 piibshi, véetné Krasky a zvifete, saha az ke spole¢nému
predkovi zépadni vétve indoevropskych jazyk (tj. balto-slovanskych, germanskych, keltskych
a romanskych) a Ctyfi z nich sahaji az ke spole¢nému predkovi vSech indoevropskych jazyki.
Ptibéh, jehoz ptitomnost u spoleéného piedka byla rekonstruovana s pravdépodobnosti 87 % je
Kovar a d’abel (ATU 330)1%. V tomto p¥ibéhu kovarf upise svou dusi d’ablu (v nékterych verzich
pfib¢hu smrti nebo dzinovi), aby se stal mistrem ve svém femesle. Diky takto ziskané
dovednosti kovar ptikove d’abla k lavici nebo ke stromu a vyvaze se z dohody. Jednou z variant
tohoto pfibéhu je pohadka Dobre tak, ze je smrt na svéte od Karla Jaromira Erbena, jinou je
Darbujan a Pandrhola od Jana Drdy. Vysledek této studie ndm davd nahlédnout do
technologickych znalosti proto-indoevropantt a mimo jiné¢ dale podporuje kurganskou

hypotézu, ktera piredpoklada pivod indoevropskych jazykti v dobé bronzové.

Vétsina dosavadnich kulturné-fylogenetickych studii studovala pribéh kulturni evoluce v ramci
jednotlivych jazykovych expanzi. Existuji vSak vyjimky, jako naptiklad studie nabozenstvi,
jejimiz autory jsou antropologové Hervey Peoplesova a Frank Marlowe z Univerzity
v Cambridgi (Peoples et al. 2016). Peoplesova a Marlowe zkoumali, jak hluboko do minulosti
sahaji fundamentalni prvky néaboZenstvi, jako napiiklad vira v posmrtny Zivot nebo
Samanismus. Vyuzili k tomu globalni fylogenezi lovecko-sbéracskych etnik, zaloZenou na
kombinaci genetickych a lingvistickych dat a etnografickd data ze Standardniho kross-
kulturniho vzorku. Z fylogenetické analyzy vyplyvd, Ze nejstarSim prvkem naboZenstvi,
sahajicim az ke spole¢nému ptedkovi lovecko-sbéracskych etnik, je animismus, v souladu
s predpoklady Edwarda Burnetta Tylora o fundamentalni roli tohoto fenoménu (viz kapitolu
Lindy Hronikové). Nepotvrdily se vSak Tylorovi a Spencerovi spekulace o uctivani predki
coby zakladu veSkerého nabozenstvi. Studie odhalila, Ze jednotlivé prvky naboZenstvi spolu
koreluji (zména jednoho znaku na fylogenetickém stromu ovliviiuje pravdépodobnost zmény
druhého). Jeden ze studovanych znaki, vira v boha, nicméné nekoreluje s Zddnym jinym

prvkem nédbozenstvi, ani s animismem. To podporuje piedchozi studie, které ukazuji, ze vira

128 Dalsi ptib&hy, sahajici k nejstarsim piedkiim zahrnuji pravé Krasku a zvite (ATU 425C), Tii pirka a Kocoura
v botach (ATU 402), Bilého hada a Véeli kralovnu (ATU 673) nebo Kmotticku Smrt (ATU 332).
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v boha, ovliviiujiciho pozemské déni a trestajiciho moralni piestupky, souvisi spiSe se

zpisobem zivota nez s ostatnimi prvky ndbozenstvi.

Sila a pftislib kulturni fylogenetiky tkvi v rigoréznim pfistupu a v neotfelé kombinaci dat a
metod z obort, které¢ spolu v minulosti nedostate¢né komunikovaly, ptfestoze si Casto kladly
podobné typy otazek a pritom celily podobnym typiim metodologickych problémiim. Znalost
piibuzenskych vztahi a metod, slouzicich ke studiu biologické evoluce, umoziuje vyuzit
bohatstvi dat, nashromdzdénych generacemi antropologl a etnografii poc¢inaje Spencerem a
Tylorem, k novym tcelim. Mimo jiné k demonstraci toho, Ze biologické a evolu¢ni teorie
kultury pfindSeji cenné poznatky, ke kterym bychom se nedobrali, kdybychom nevykrocili za

hranice jednotlivych obort.
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Summary of the results and future perspectives

The aim of this thesis was to infer a supertree of modern human populations based on published
genetic and linguistic phylogenetic trees, and to use this supertree as a framework to study
coevolution between genes and languages and evolution of culture (religion in particular), on a
global scale.

The resulting supertree (Duda & Zrzavy, 2016) includes 186 selected populations that
represent all world regions and major linguistic groups. It is the most comprehensive
phylogenetic tree of human populations published to date. It is also the first use of the supertree
method to reconstruct intraspecific phylogeny.

We devised a new method inspired by the “sensitivity analysis” (Wheeler, 1995) to
assess the stability of the inferred supertree topology. We also identified individual populations
whose phylogenetic position is particularly unstable (“wildcard taxa”), using the IterPCR
method (Pol & Escapa, 2009; Goloboff & Szumik, 2015).

The sensitivity analysis identified three large sections of topological instability, West
Eurasia, Mainland and Island Southeast Asia and Oceania, and East Asia, reflecting the existing
phylogenetic controversies (Friedlaender et al., 2008; Jinam et al., 2012; Busby et al., 2015).
The populations with the least stable phylogenetic position were Andamanese and Malagasy,
reflecting the complex population history of these populations (Regueiro et al., 2008; Chaubey
& Endicott, 2013; Aghakhanian et al., 2015).

The question of coevolution of genes and languages is considered fundamental but
rarely studied by formal phylogenetic methods (Pakendorf, 2014). In order to investigate gene-
culture coevolution on a global scale and to test for monophyly of the proposed linguistic
groupings (language families and macrofamilies), we measured the congruence between
linguistic data and the topology of the supertree and constrained this topology with linguistic
data. This allowed us to reconstruct the relationships between the groups of populations
speaking related languages based on genetic data. Linguistic classification fits rather poorly on
the supertree topology, supporting a view that direct coevolution between genes and languages
is far from universal. Most of the controversial linguistic macrofamilies were not supported by
the resulting topology of the supertree.

Recent studies of the evolution of religion have focused on characteristics of the large prosocial
religions that have emerged since the advent of agriculture. Relatively little attention has been
paid to the religion of hunter-gatherers whose religious beliefs and behaviors have been
evolving during the vast majority of human history (Lee & DeVore, 1968). Despite established
speculations about various beliefs and behaviors that may represent an original form of religion,
specific traits of nascent religiosity and the sequence in which they emerged have remained
unknown. In order to study the origins and evolution of religion, we inferred a supertree of 33
hunter-gatherer populations included in the Standard Cross-Cultural Sample and Ethnographic
Atlas. We reconstructed ancestral states for seven character describing hunter-gatherer religious
beliefs and behaviors, and tested for coevolution between these characters and the direction of
cultural change (Peoples et al., 2016).
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Our results suggest that the oldest trait of religion, present in the most recent common
ancestor of present-day hunter-gatherers, was animism, in agreement with long-standing beliefs
about the fundamental role of this trait (Tylor, 1871). Belief in an afterlife emerged later,
followed by shamanism and ancestor worship. Despite established speculation by Spencer
(1870) and Tylor (1871) that ancestor worship represented the beginning of religion, our results
suggest that worship of dead kin was not among the oldest traits of religion. Ancestor spirits or
high gods who are active in human affairs were absent in early humans, indicating a deep history
for the egalitarian nature of hunter-gatherer societies.

The results suggest that all studied characters evolved in concerted fashion as an
integrated system of religious beliefs and practices but neither high gods nor active high gods
exhibit correlated evolution with any other characters. This is in line with a variety of evidence
from recent studies (Peoples and Marlowe 2012; Norenzayan, 2013; Botero et al., 2014)
suggesting that if a society acquires belief in an omniscient and potentially morally punishing
creator deity, it does so regardless of other aspects of its religion but more as a reflection of its
social and political structure.

The thesis also includes two book chapters from books published by Academia, The Publishing
House of the Academy of Sciences of the Czech Republic. They concern evolutionary history
of Central African pygmies (Duda, 2015) and phylogenetic approaches to evolution of culture
(Duda, in press).

The methods and results developed and presented in this thesis should help to improve the scope
and quality of this research. Since its publication, the supertree has been used as a framework
to investigate the association between men’s social status and reproductive success in
nonindustrial societies (von Rueden & Jaeggi, 2016). More studies investigating evolution of a
broad range of behavioral, cultural and ecological traits will follow. They will require a larger,
more comprehensive supertree, which is currently in preparation. Based on the updated dataset,
a time-calibrated supertree of populations included in the Standard Cross-Cultural Sample is
being prepared. This supertree will be used to reevaluate the existing hypotheses about
ecological and cultural determinants of mating system and parental investment in human
cultures in collaboration with Riana Minocher and Adrian Jaeggi at the Department of
Anthropology of the Emory University in Atlanta. A supertree that will include over 1,000
human populations, including some extinct ones, is also in preparation. It will be used to study
geographical and ecological patterns of cultural diversification in collaboration with David
Storch at the Center for Theoretical Study in Prague.
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SUPPLEMENTARY TABLES

Supplementary Table S1. Type populations used to replace populations groups,
subpopulations, and populations of unspecified ethnic origin in the source trees.

Taxon name(s) (source trees) References Taxon name |ISO 639-3 | Comment
(supertree)
IKung; Bushmen 1-7 IKung vaj, knw
African 8 Yoruba yri Individuals from
Nigeria
Africans; South African; South 9-11 Xhosa xho Individuals from
African Blacks Johanesburg, South
Africa
Zulu zul
Algonquian 12 Ojibwa ojc, ojg,
ojb, ojs
Cree cre
Andamanese; Andaman Islanders 1,13 Andamanese |oon, angq,
gac
Ashkenazi Jews; Polish Jews and 14-19 Ashkenazi Jew | ydd, yih
Russian Jews
Australian aboriginals various studies AUSTRALIAN
Central Australian Aboriginals 20 Warlpiri wbp
CEU; European(s); European various genome-wide | English eng The CEU sample21
(Northwestern); European- SNP- and STR-based shows ancestry
American; U.S.; American White; US | studies most similar to
Caucasian; N.American Caucasoids; British in England
N.A. Caucasoids; Caiucasoids; and Scotland®
Canada; Canadians
Ethiopian 23 Amhara amh
Oromo gax
Great Andamanese 24,25 Andamanese |oon, angq,
gac
Guarani various HLA-based Guarani grn
studies
Han Chinese from Beijing, Shanghai, | various studies Northern Han | cmn
Shandong, and Wuxi Chinese
Han Chinese from Hongkong, Fujian, Southern Han | cmn, yue
Chaosan, Huizhou, Hainan, Chinese
Guangdong, Guangxi, Yunnan,
Guizhou, Huangzhou (Han
Cantonese), and Xiaamen
Han Chinese from Singapore various studies Singapore cmn
Chinese
HGDP Papuan; PNG highland; PNG various studies Goroka for, gim
Highlanders; New Guinea Highlands
Chinese from Taiwan various studies Min Nan nan
Taiwanese
Chinese; Taiwan(ese); Taiwan Han; 2,3,26-33 Min Nan nan
China Taiwan Taiwanese




Jarawa 24 Andamanese |oon, ang,
gac
Lapp(s); Laps; Eur. Saam(i); Saami 1,11,20,23,27,34-45 | Saami sia, smn,
(Lapps); Swedish Lapp; Norwegian sjd, sms,
Lapp; Finnish Lapp; Skolt Saami; sjt
North Saami; Ume Saami; Sweden
South Sami; Sweden North Sami;
Saami Russia
Madagascar 46,47 Malagasy plt
Micronesia(n) 48; various genome- | Kosraean kos
wide SNP- and STR-
based studies
NAN Melanesian; HGDP Melanesian; | 23; various genome- | Naasioi nas
Melanesian; Southeast Bougainville | wide SNP-and STR-
based studies
Nigeria 4,49 Yoruba yor
Non-Ashkenazi Jews from Israel; 16,17; various HLA- Mizrahi Jew
Syria; Iraq; Iran; Turkey; Georgia and | based studies
Azerbaijan; Hebrew
North Dravidian 23 Brahui brh
North European 50,51 German deu
Onge 25,52,53 Andamanese |oon, angq,
gac
Polynesia(n) 48; various genome- | Samoan smo
wide SNP- and STR-
based studies
Romania; Romanian(s); Rumanian; 17,30,54-70 Romanian ron, rup
Romanian List; Vlach
South Dravidian 25,71 Tamil tam
South Indian 17,23,25,36,72 Malayalam mal
Taiwan; Taiwan Aborigine(s); 36,49,73-76 Atayal tay
Taiwanese; Indigenous Taiwanese
Uralic Siberian 23 Nenets yrk
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Supplementary Table S2. The representative dataset. 186 populations included in the study,
ISO 639-3 code, principal source study, country of origin and geographic coordinates (based
on principal source study), presence of the population in the genomic source trees, and
linguistic affiliation accepted from Ethnologue, Ruhlen, and Greenberg & Ruhlen.

Taxon ISO | Principal Location | Latitude Longitude | Genomic | Linguistic | Linguistic
name 639- |source(s) (Degrees (Degrees source classificati | classificati
(supertree) |3 North) East) trees on' on*?
Khwe xuu | Schlebusch | Angola -17.363921 |22.950439 Y Khoisan: Khoisan
et al. (2012) Southern
Africa
Ju'|hoan ktz Rosenberg | Namibia |[-19.597399 |20.494995 Y Khoisan: Khoisan
et al. (2002, Southern
2005); Africa
Ramachand
ran et al.
(2005);
Schlebusch
et al. (2012)
IKung vaj, |Schlebusch |Angola -14.628943 | 17.666016 Y Khoisan: Khoisan
knw |etal.(2012) Southern
Africa
fKhomani ngh | Schlebusch |South -26.974138 |20.794373 Y Khoisan: Khoisan
et al. (2012) | Africa Southern
Africa
Nama nag |Schlebusch |Namibia |[-22.558559 |17.072754 Y Khoisan: Khoisan
et al. (2012) Southern
Africa
Mbuti efe Rosenberg | Congo 1 29 Y Nilo- Nilo-
Pygmy et al. (2002, Saharan Saharan
2005);
Ramachand
ran et al.
(2005)
Aka Pygmy |[axk |Rosenberg |Central 4 17 Y Niger- Niger-
et al. (2002, | African Congo: Kordofani
2005); Republic Bantoid an
Ramachand
ran et al.
(2005)
fuv | Tishkoff et | Nigeria 11 11 Y Niger- Niger-
al. (2009) Congo: Kordofani
Atlantic an
mcn | Tishkoff et | Cameroo |10.3 15.3 Y Afro- Afro-
al. (2009) n Asiatic: Asiatic
Chadic
kot | Tishkoffet |Cameroo |11.8 14.8 Y Afro- Afro-
al. (2009) n Asiatic: Asiatic
Chadic
pbi Tishkoff et | Cameroo |11 12.1 Y Afro- Afro-
al. (2009) n Asiatic: Asiatic
Chadic




nde | Rosenberg |South - 24.25 Niger- Niger-
et al. (2002, | Africa 25.5692643 Congo: Kordofani
2005); Bantoid an
Ramachand
ran et al.
(2005)
ssw | Rosenberg |South - 24.25 Niger- Niger-
et al. (2002, | Africa 25.5692643 Congo: Kordofani
2005); Bantoid an
Ramachand
ran et al.
(2005)
xho | Tishkoff et | South -32 28 Niger- Niger-
al. (2009) Africa Congo: Kordofani
Bantoid an
zul Rosenberg | South - 24.25 Niger- Niger-
et al. (2002, | Africa 25.5692643 Congo: Kordofani
2005); Bantoid an
Ramachand
ran et al.
(2005)
mnk | Rosenberg | Senegal 12 -12 Niger- Niger-
et al. (2002, Congo: Kordofani
2005); Mande an
Ramachand
ran et al.
(2005)
yor HapMap Nigeria 7.4 3.9 Niger- Niger-
Congo: Kordofani
Defoid an
hau | Tishkoff et | Nigeria 10 7 Afro- Afro-
al. (2009) Asiatic: Asiatic
Chadic
Kikuyu kik Tishkoff et | Kenya -1 37 Niger- Niger-
al. (2009) Congo: Kordofani
Bantoid an
Dinka dip Tishkoff et | Sudan 8 30 Nilo- Nilo-
al. (2009) Saharan Saharan
Shilluk shk | Tishkoff et |Sudan 10 32 Nilo- Nilo-
al. (2009) Saharan Saharan
Anuak anu | Paganietal. | Ethiopia |8 34 Nilo- Nilo-
(2012) Saharan Saharan
Hadza hts Tishkoff et | Tanzania |-3.8 35.3 Khoisan: Khoisan
al. (2009) Hatsa
Sandawe sad | Tishkoff et |Tanzania |-5.5 35.5 Khoisan: Khoisan
al. (2009) Sandawe
Maasai mas | Tishkoff et |Tanzania |-4 37 Nilo- Nilo-
al. (2009) Saharan Saharan
Iragw irk Tishkoff et | Tanzania |-4 35.5 Afro- Afro-
al. (2009) Asiatic: Asiatic
Cushtic
Aari aiw | Paganietal. | Ethiopia |6 37 Afro- Afro-
(2012) Asiatic: Asiatic
Omotic
Dogon dds | Tishkoffet | Mali 14 -3 Niger- Niger-
al. (2009) Congo: Kordofani

10




Dogon an
Somali som | Paganietal. | Ethiopia |9 42 Afro- Afro-
(2012) Asiatic: Asiatic
Cushtic
Beta Israel |amh |Tishkoff et |Ethiopia |12 38 Afro- Afro-
al. (2009) Asiatic: Asiatic
Cushtic
Aweer bob | Tishkoffet |Kenya 35 37 Afro- Afro-
al. (2009) Asiatic: Asiatic
Cushtic
Amhara amh |Beharetal. |Ethiopia |10 39 Afro- Afro-
(2010) Asiatic: Asiatic
Semitic
Oromo gax |Tishkoff et |Kenya 3 375 Afro- Afro-
al. (2009) Asiatic: Asiatic
Cushtic
Rendille rel Tishkoff et | Kenya 2.3 375 Afro- Afro-
al. (2009) Asiatic: Asiatic
Cushtic
Beja bej Tishkoff et | Sudan 21 36 Afro- Afro-
Hadandawa al. (2009) Asiatic: Asiatic
Cushtic
Berber shi Izaabel et al. | Morocco |30.93 -7.22 Afro- Afro-
(1998) Asiatic: Asiatic
Berber
Mozabite mzb | Rosenberg | Algeria 32 3 Afro- Afro-
et al. (2002, | (Mzab) Asiatic: Asiatic
2005); Berber
Ramachand
ran et al.
(2005)
Algerian ara Arnaiz- Algeria 36.75 3.2 Afro- Afro-
(arq) | Villena et al. Asiatic: Asiatic
(1995) Semitic
Moroccan ara Gomez- Morocco |33.2 -8.5 Afro- Afro-
(ary) | Casado et Asiatic: Asiatic
al. (2000) Semitic
Egyptian ara Behar et al. | Egypt 29.31 30.84 Afro- Afro-
(arz) |(2010) Asiatic: Asiatic
Semitic
Qatari ara Hunter- Qatar 254 51.2 Afro- Afro-
(arb) | Zinck et al. Asiatic: Asiatic
(2010) Semitic
Yemeni ara Beharetal. |Yemen 15.37 44.19 Afro- Afro-
(arb) | (2010) Asiatic: Asiatic
Semitic
Rwala ayl Rosenberg | Israel 31 35 Afro- Afro-
Bedouin et al. (2002, | (Negev) Asiatic: Asiatic
2005); Semitic
Ramachand
ran et al.
(2005)
Saudi ara Behar et al. | Saudi 24.72 46.70 Afro- Afro-
Arabian (arb) |(2010) Arabia Asiatic: Asiatic
Semitic
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Palestinian |ara Rosenberg | Israel 32 35 Afro- Afro-
(ajp) | etal. (2002, |(Central) Asiatic: Asiatic
2005); Semitic
Ramachand
ran et al.
(2005)
Druze apc | Rosenberg |Israel 32 35 Afro- Afro-
et al. (2002, | (Carmel) Asiatic: Asiatic
2005); Semitic
Ramachand
ran et al.
(2005)
Armenian hye |Beharetal. |Armenia |40.18 44.51 Indo- Indo-
(2010) European | Hittite
Ashkenazi ydd, | Kopelman Israel 31.666667 |34.566667 Indo- Indo-
lew yih et al. (2009) | (Ashkelo European | Hittite
n)
MizrahiJew | heb | Kopelman Israel 31.666667 |34.566667 Afro- Afro-
et al. (2009) | (Ashkelo Asiatic: Asiatic
n) Semitic
Moroccan heb, | Kopelman Israel 31.666667 |34.566667 Afro- Afro-
Jew aju et al. (2009) | (Ashkelo Asiatic: Asiatic
n) Semitic
Syrian ara Behar et al. | Syria 33.51 36.28 Afro- Afro-
(apc) | (2010) Asiatic: Asiatic
Semitic
Lebanese ara Clayton et Lebanon |33.89 35.50 Afro- Afro-
(apc) | al. (1997) Asiatic: Asiatic
Semitic
Kurd ckb | Xingetal. Iraq 36.74 43.89 Indo- Indo-
(2010) European | Hittite
Turk tur Behar et al. | Turkey 36.95 32.84 Altaic: Macro-
(2010) Turkic Altaic
Greek ell Mendizabal | Greece 40.6422 22.9456 Indo- Indo-
et al. (2012) European | Hittite
Romanian ron, |Beharetal. |Romania |44.43 26.10 Indo- Indo-
rup |(2010) European | Hittite
Tuscan ita Rosenberg | Italy 43 11 Indo- Indo-
et al. (2002, European | Hittite
2005);
Ramachand
ran et al.
(2005)
Italian ita Rosenberg | Italy 46 10 Indo- Indo-
et al. (2002, | (Bergamo European | Hittite
2005); )
Ramachand
ran et al.
(2005)
Sardinian src Rosenberg | Italy 40 9 Indo- Indo-
et al. (2002, European | Hittite
2005);
Ramachand
ran et al.
(2005)
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French fra Rosenberg | France 46 2 Indo- Indo-
et al. (2002, European | Hittite
2005);
Ramachand
ran et al.
(2005)
Basque eus Rosenberg | France 43 0 Language | Dene-
et al. (2002, isolate Caucasian
2005);
Ramachand
ran et al.
(2005)
Spanish spa | Martinez- Spain 40.42 -3.70 Indo- Indo-
Laso et al. European | Hittite
1995
German deu |Imanishiet |Germany |51.34 12.37 Indo- Indo-
al. (1992) European | Hittite
English eng | ??? UK 51.5 -0.13 Indo- Indo-
European | Hittite
Polish pol Nowak et al. | Poland 51.11 17.03 Indo- Indo-
(2008) European | Hittite
Hungarian | hun | Mendizabal |Hungary |47.45 19.04 Uralic Uralic
etal., 2012
Orcadian sco Rosenberg | Orkney 59 -3 Indo- Indo-
et al. (2002, |Islands European | Hittite
2005);
Ramachand
ran et al.
(2005)
Russian rus Rosenberg | Russia 61 40 Indo- Indo-
et al. (2002, European | Hittite
2005);
Ramachand
ran et al.
(2005)
Finnish fin Clayton et Finland 60.22 2491 Uralic Uralic
al. (1997)
Saami sia, Evseeva et | Russia 68.00 35.02 Uralic Uralic
smn, |al. (2002) (Kola
sjd, peninsula
sms, )
sjt
Georgian kat Behar et al. | Georgia |42.49 41.83 Kartvelian | Kartvelian
(2010)
Adygei ady |Rosenberg |Russia 44 39 North Dene-
et al. (2002, | (Caucasu Caucasian | Caucasian:
2005); s) Caucasian
Ramachand
ran et al.
(2005)
Iranian pes |Beharetal. |[lIran 32.65 51.66 Indo- Indo-
(2010) European | Hittite
Makrani bcc Rosenberg | Pakistan |26 64 Indo- Indo-
et al. (2002, European | Hittite
2005);
Ramachand
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ran et al.
(2005)

Brahui

brh

Rosenberg
et al. (2002,
2005);
Ramachand
ran et al.
(2005)

Pakistan

30.4987149
2

66.5

Dravidian

Dravidian

Balochi

bgp

Rosenberg
et al. (2002,
2005);
Ramachand
ran et al.
(2005)

Pakistan

30.4987149
2

66.5

Indo-
European

Indo-
Hittite

Sindhi

snd

Rosenberg
et al. (2002,
2005);
Ramachand
ran et al.
(2005)

Pakistan

25.4906355
1

69

Indo-
European

Indo-
Hittite

Pashtun

pst

Rosenberg
et al. (2002,
2005);
Ramachand
ran et al.
(2005)

Pakistan

33.4870056
2

70.5

Indo-
European

Indo-
Hittite

Kalash

kls

Rosenberg
et al. (2002,
2005);
Ramachand
ran et al.
(2005)

Pakistan

35.9936601
4

71.5

Indo-
European

Indo-
Hittite

Madiga

tel

Reich et al.
(2009)

India
(Andhra
Pradesh)

17.58

79.35

Dravidian

Dravidian

Tamil

tam

Rosenberg
et al. (2006)

India
(Tamil
Nadu)

11.1016722
4

77.9482758
6

Dravidian

Dravidian

Malayalam

mal

Rosenberg
et al. (2006)

India
(Kerala)

10

76.25

Dravidian

Dravidian

Burusho

bsk

Rosenberg
et al. (2002,
2005);
Ramachand
ran et al.
(2005)

Pakistan

36.4983856
8

74

Language
isolate

Dene-
Caucasian

Hazara

haz

Rosenberg
et al. (2002,
2005);
Ramachand
ran et al.
(2005)

Pakistan

33.4985560
1

70

Indo-
European

Indo-
Hittite

Uyghur

uig

Rosenberg
et al. (2002,
2005);

China

44

81

Altaic:
Turkic

Macro-
Altaic
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Ramachand

ran et al.
(2005)
Kensiu kns | The HUGO | Malaysia |5.7 100.9 Austro- Austric:
Pan-Asian Asiatic: Austroasia
SNP Mon- tic
Consortium Khmer
Jehai jhi The HUGO | Malaysia |5.4 101.1 Austro- Austric:
Pan-Asian Asiatic: Austroasia
SNP Mon- tic
Consortium Khmer
Amis ami | Friedlaende | Taiwan 23.3 121 Austronesi | Austric:
retal. an Austronesi
(2008) an
Paiwan pwn | Gray et al. Taiwan 22.6 120.8 Austronesi | Austric:
(2009) an Austronesi
an
Taroko trv Friedlaende | Taiwan 23.3 121 Austronesi | Austric:
retal. an Austronesi
(2008) an
Atayal tay The HUGO | Taiwan 24.6 121.4 Austronesi | Austric:
Pan-Asian an Austronesi
SNP an
Consortium
Tagalog tgl The HUGO | Philiippin | 14.6 121.0 Austronesi | Austric:
Pan-Asian es an: Austronesi
SNP Malayo- an
Consortium Polynesian
Cebuano vis The HUGO | Philippin |6.9 122.1 Austronesi | Austric:
Pan-Asian es an: Austronesi
SNP Malayo- an
Consortium Polynesian
Toraja sda, | The HUGO |Indonesia |-4.7 119.7 Austronesi | Austric:
rob Pan-Asian an: Austronesi
SNP Malayo- an
Consortium Polynesian
Bugis bug |Hatinetal. |Malaysia |2.04 103.31 Austronesi | Austric:
(2011) an: Austronesi
Malayo- an
Polynesian
Dayak nij Gray et al. Indonesia | -1.9 114.5 Austronesi | Austric:
Ngaju (2009) (Northwe an: Austronesi
st Malayo- an
Kalimant Polynesian
an)
Malagasy plt Gray et al. Madagas |-18.9 47.5 Austronesi | Austric:
(2009) car an: Austronesi
Malayo- an
Polynesian
Melayu zsm | The HUGO |Indonesia |-3.0 104.7 Austronesi | Austric:
Pan-Asian an: Austronesi
SNP Malayo- an
Consortium Polynesian
Iban Xing et al. Malaysia |3 113 Austronesi | Austric:
(2009) (Sarawak an: Austronesi
) Malayo- an
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Polynesian

Singapore zim | The HUGO |Singapor |1.4 103.8 Austronesi | Austric:

Malay Pan-Asian e an: Austronesi
SNP Malayo- an
Consortium Polynesian

Malay zlm |[The HUGO | Malaysia |5.3 102.0 Austronesi | Austric:
Pan-Asian an: Austronesi
SNP Malayo- an
Consortium Polynesian

Javanese jav The HUGO |Indonesia | -6.2 106.7 Austronesi | Austric:
Pan-Asian an: Austronesi
SNP Malayo- an
Consortium Polynesian

Bidayuh sne |The HUGO |Malaysia |1.4 110.2 Austronesi | Austric:
Pan-Asian an: Austronesi
SNP Malayo- an
Consortium Polynesian

Mamanwa | mmn | The HUGO | Philiippin | 9.7 125.6 Austronesi | Austric:
Pan-Asian es an: Austronesi
SNP Malayo- an
Consortium Polynesian

Agta agt |The HUGO | Philiippin |13.7 123.3 Austronesi | Austric:
Pan-Asian es an: Austronesi
SNP Malayo- an
Consortium Polynesian

Aeta sbl The HUGO | Philiippin | 14.9 120.2 Austronesi | Austric:
Pan-Asian es an: Austronesi
SNP Malayo- an
Consortium Polynesian

Andamanes | oon, | Rosenberg |India 10.30 92.30 Andaman |Indo-

e ang, |etal.(2006) |(Andama ese Pacific

gac n Islands)

Naasioi nas | Rosenberg |Bougainvi|-6.483 155.833 South Indo-
et al. (2002, |lle Bougainvil | Pacific:
2005); le East
Friedlaende Papuan
retal.
(2008)

Goroka for, Rosenberg | New -6.083 145.4 Trans-New | Indo-

gim |etal. (2002, | Guinea Guinea Pacific

2005);
Friedlaende
retal.
(2008)

Ngarinyin ung | Reesinket |Australia |-16.4 126.4 Australian | Australian
al. (2009)

Warlpiri wbp | Reesink et | Australia |-23.7 133.9 Australian: | Australian
al. (2009) Pama-

Nyungan

AUSTRALIA Rasmussen | Australia |? ? Australian | Australian

N et al. (2011)

Manggarai | mqy |The HUGO |Indonesia |-8.6 120.1 Austronesi | Austric:
Pan-Asian an: Austronesi
SNP Malayo- an
Consortium Polynesian
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Kambera xbr | The HUGO |Indonesia|-9.8 120.0 Austronesi | Austric:
Pan-Asian an: Austronesi
SNP Malayo- an
Consortium Polynesian
Alorese aol The HUGO |Indonesia | -8.3 124.7 Austronesi | Austric:
Pan-Asian an: Austronesi
SNP Malayo- an
Consortium Polynesian
Lembata Imf, |The HUGO |Indonesia |-8.3 124.7 Austronesi | Austric:
Imj Pan-Asian an: Austronesi
SNP Malayo- an
Consortium Polynesian
Kosraean kos | Friedlaende |Micrones |5.31 163 Austronesi | Austric:
retal. ia an: Austronesi
(2008) Malayo- an
Polynesian
Samoan smo | Friedlaende | Polynesia |-13.35 -172.2 Austronesi | Austric:
retal. an: Austronesi
(2008) Malayo- an
Polynesian
Tongan ton Gray et al. Polynesia |-21.18 -175.20 Austronesi | Austric:
(2009) an: Austronesi
Malayo- an
Polynesian
Hawaiian haw | Gray et al. Polynesia | 21.30 -157.85 Austronesi | Austric:
(2009) an: Austronesi
Malayo- an
Polynesian
Maori mri Friedlaende | Polynesia |-41 174 Austronesi | Austric:
retal. an: Austronesi
(2008) Malayo- an
Polynesian
Rumai rbb | The HUGO |Thailand |19.9 99.2 Austro- Austric:
Pan-Asian Asiatic: Austroasia
SNP Mon- tic
Consortium Khmer
Lawa lwl, |The HUGO |Thailand |18.4 98.1 Austro- Austric:
Icp Pan-Asian Asiatic: Austroasia
SNP Mon- tic
Consortium Khmer
Yakut sah Rosenberg | Siberia 62.9828784 | 129.5 Altaic: Macro-
et al. (2002, 5 Turkic Altaic
2005);
Ramachand
ran et al.
(2005)
Tuvan tyv Martinez- Russia 51.71 94.45 Altaic: Macro-
Laso et al. (Republic Turkic Altaic
(2001) of Tuva)
Nenets yrk Wang et al. |Siberia 66.08 76.5 Uralic Uralic
(2008)
Khalkha khk, | Rosenberg |Mongolia |48 107 Altaic: Macro-
Mongol mvn | etal. (2002, Mongolic | Altaic
2005);
Ramachand
ran et al.
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(2005);

Reich et al.
(2012)
Daur tdd | Rosenberg | China 48.4975341 | 124 Altaic: Macro-
et al. (2002, 6 Mongolic | Altaic
2005);
Ramachand
ran et al.
(2005)
Hezhen gld Rosenberg | China 47.4976192 | 133.5 Altaic: Macro-
et al. (2002, Tungusic | Altaic
2005);
Ramachand
ran et al.
(2005)
Orogen orh Rosenberg | China 50.4338925 | 126.5 Altaic: Macro-
et al. (2002, 7 Tungusic | Altaic
2005);
Ramachand
ran et al.
(2005)
Xibo sjo Rosenberg | China 43.4979297 | 81.5 Altaic: Macro-
et al. (2002, 3 Tungusic | Altaic
2005);
Ramachand
ran et al.
(2005)
Tu mjg | Rosenberg | China 36 101 Altaic: Macro-
et al. (2002, Mongolic | Altaic
2005);
Ramachand
ran et al.
(2005)
Yi yif Rosenberg | China 28 103 Sino- Sino-
et al. (2002, Tibetan: Tibetan
2005); Tibeto-
Ramachand Burman
ran et al.
(2005)
Naxi nbf | Rosenberg | China 26 100 Sino- Sino-
et al. (2002, Tibetan: Tibetan
2005); Tibeto-
Ramachand Burman
ran et al.
(2005)
Tibetan bod |Kangetal. China 29.65 91.17 Sino- Sino-
(2010) Tibetan: Tibetan
Tibeto-
Burman
Korean kor | The HUGO |Korea 36.9 127.5 Koreanic | Macro-
Pan-Asian Altaic
SNP
Consortium
Japanese jpn HapMap Japan 35.7 139.8 Japonic Macro-
(Honshu) Altaic
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Ainu ain Bannai et al. | Japan 42.35 142.39 Language | Eurasiatic
(200) (Hokkaid isolate
0)
Northern cmn | Rosenberg | China 32.2656681 | 114 Sino- Sino-
Han et al. (2002, 2 Tibetan: Tibetan
Chinese 2005); Chinese
Ramachand
ran et al.
(2005)
Min nan nan |The HUGO |Taiwan 25.0 1215 Sino- Sino-
Taiwanese' Pan-Asian Tibetan: Tibetan
SNP Chinese
Consortium
Southern cmn, | The HUGO | China 23.3 113.5 Sino- Sino-
Han yue | Pan-Asian Tibetan: Tibetan
Chinese SNP Chinese
Consortium
Singapore cmn | The HUGO | Singapor | 1.4 103.8 Sino- Sino-
Chinese Pan-Asian e Tibetan: Tibetan
SNP Chinese
Consortium
Tujia tji Rosenberg | China 29 109 Sino- Sino-
et al. (2002, Tibetan: Tibetan
2005); Tibeto-
Ramachand Burman
ran et al.
(2005)
She shx | Rosenberg | China 27 119 Hmong- Austric:
et al. (2002, Mien Miao-Yao
2005);
Ramachand
ran et al.
(2005)
Miao hmy | Rosenberg | China 28 109 Hmong- Austric:
et al. (2002, Mien Miao-Yao
2005);
Ramachand
ran et al.
(2005)
Dai tdd Rosenberg | China 21 100 Tai-Kadai | Austric:
et al. (2002, Daic
2005);
Ramachand
ran et al.
(2005)
Lahu lhu Rosenberg | China 22 100 Sino- Sino-
et al. (2002, Tibetan: Tibetan
2005); Tibeto-
Ramachand Burman
ran et al.
(2005)
Cambodian | khm | Rosenberg |Cambodi |12 105 Austro- Austric
etal. (2002, |a Asiatic:
2005); Mon-
Ramachand Khmer
ran et al.
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(2005)

Evenki evn | Grahovac et | Siberia 64.1 95.4 Altaic: Macro-
al. (1998); (Evenkiys Tungusic | Altaic
Reich etal. |ky
(2012) District)
Yukaghir vkg | Reich etal. |Siberia 68 150 Yukaghir | Uralic
(2012) (Srednek
olymsky
District)
Ket ket Grahovac et | Siberia 63.8 87.4 Yeniseian | Dene-
al. (1998); (Evenkiys Caucasian:
Reich etal. |ky Caucasian
(2012) District)
Tlingit tli Imanishi et | Canada 51 -123 Eyak- Na-Dene
al. (1992) (British Athabasca
Colombia n
)
Nivkh niv Grahovac et | Siberia 52.7 142.8 Language | Eurasiatic
al. (1998) (Sakhalin isolate
Island)
Dakelh crx, | Monsalve et [Canada |53 -123 Eyak- Na-Dene
bcr al. (1998) (British Athabasca
Colombia n:
) Athabasca
n
Koryak kpy | Grahovacet |Siberia 59.4 163 Chukotko- | Chukchi-
al. (1998); Kamchatk | Kamchatk
Reich et al. an an
(2012)
Chukchi ckt Grahovac et | Siberia 65.1 -173.5 Chukotko- | Chukchi-
al. (1998); (Providen Kamchatk | Kamchatk
Reich et al. | sky an an
(2012) District)
Siberian ess, | Grahovac et |Siberia 66 -175.2 Eskimo- Eskimo-
Yupik ynk, | al. (1998) (Chukots Aleut Aleut
ysr ky
District)
Greenland | kal Reich et al. | Greenlan |65.3 -52 Eskimo- Eskimo-
Inuit (2012) d Aleut Aleut
Haida hai Ward et al. | Canada 53.25 -132 Haida Dene-
(hdn, | (1993) Caucasian:
hax) Na-Dene
Dene chp |Wangetal. |Canada 59.55 -107.3 Eyak- Dene-
(2008) Athabasca | Caucasian:
n: Na-Dene
Athabasca
n
Navajo nav | Budowle et |USA 35.66 -109.07 Eyak- Dene-
al. (2002) (South Athabasca | Caucasian:
Dakota) n: Na-Dene:
Athabasca
n
Cree cre Wang et al. | Canada 50.33 -102.5 Algic Amerind:
(2008) Almosan
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Ojibwa ojc, |Wangetal. |Canada 46.5 -81 Algic Amerind:
ojg, |(2008) Almosan
ojb,
ojs

Mapuche huh, | Wangetal. |Chile -41 -73 Mapudun | Amerind:
arn (2008) gu Andean

Pima pia Rosenberg | Mexico 29 -108 Uto- Amerind:

et al. (2002, Aztecan Central
2005);
Ramachand
ran et al.
(2005)
Yucatec yua Rosenberg | Mexico 19 -91 Mayan Amerind:
Maya et al. (2002, Penutian
2005);
Ramachand
ran et al.
(2005)
Lakota Ikt Leffell et al. | USA 35.66 -109.07 Siouan- Amerind:
(2004) (South Catawban | Keresioua
Dakota) n

Aymara aym |Wangetal. |Chile -22 -70 Aymaran | Amerind:
(ayr, |(2008) Andean
ayc)

Quechua que |Wangetal. |Peru -14 -74 Quechuan | Amerind:

(2008) Andean

Tehuelche | teh Reich et al. | Chile -45 -74 Chon Amerind:

(2012) Andean
Yahgan yag |Reichetal. |Chile -55 -68 Language |Amerind:
(2012) isolate Andean
Cherokee chr Malhietal. |USA 35.81 -94.63 Iroquoian | Amerind:
(2001) (Oklahom Keresioua
a) n
Mixtec mix | Wangetal. | Mexico 17 -97 Otomangu | Amerind:
(2008) ean Central

Zapotec sever | Wang et al. | Mexico 16 -97 Otomangu | Amerind:
al (2008) ean Central
diale
cts

Kaingang xok, |Wangetal. |Brazil -24 -52.5 Jean Amerind:
zkp | (2008) Macro-Ge

Arhuaco arc Wangetal. |Colombia |11 -73.8 Chibchan | Amerind:

(2008) Chibchan

Kogi kog |Wangetal. |Colombia |11 -74 Chibchan | Amerind:

(2008) Chibchan
Guarani grn Wang et al. | Brazil -23 -54 Tupian Amerind:
(2008) Equatorial

Wichi mzh, | Cernaetal. |Argentin |-31 -59 Matacoan | Amerind:
mpt, |(1993) a Macro-
wlv Panoan

Toba tob | Cernaetal. |Argentin |-28 -59 Guaykuru | Amerind:

(1993) a an Macro-
Panoan
Piapoco pio Rosenberg | Colombia |3 -68 Maipurea | Amerind:
et al. (2002, n Equatorial
2005);
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Ramachand

ran et al.
(2005)
Curripaco kpc | Rosenberg |Colombia |3 -68 Maipurea | Amerind:
et al. (2002, n Equatorial
2005);
Ramachand
ran et al.
(2005)
Karitiana ktn Rosenberg | Brazil -10 -63 Tupian Amerind:
et al. (2002, Equatorial
2005);
Ramachand
ran et al.
(2005)
Surui sru Rosenberg | Brazil -11 -62 Tupian Amerind:
et al. (2002, Equatorial
2005);
Ramachand
ran et al.
(2005)
Ache gug |Wangetal. |Paraguay |-24 -56 Tupian Amerind:
(2008) Equatorial
Waiwai waw | Hutz et al. Brazil 0.4 -57.55 Cariban Amerind:
(2002) Macro-
Carib
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Supplementary Table S3. Resolution (number of nodes), tree length, consistency index (CI), and retention index (RI) for 16 semistrict
consensus supertrees based on the sensitivity analysis. (a) Representative dataset. (b) Representative dataset excluding four wildcard taxa. (c)

HGDP dataset.

a

Number |Tree cl RI

of nodes |length

(max 185)
1.A | 164 11764 |0.538 |0.838
1.B | 164 11820 |0.5360.837
1.C | 120 15954 |.0397|0.714
1.D | 111 18620 |0.340|0.635
2.A | 149 12520 |0.506|0.816
2.B | 148 12539 |0.505|0.815
2.C | 146 12978 |0.488 | 0.802
2.D | 146 12872 |0.492 |0.805
3.A| 159 12200 |0.519|0.825
3.B | 148 13399 |0.472|0.790
3.C | 148 13399 |0.472|0.790
3.D| 162 12191 |0.519|0.826
4.A | 148 12863 |0.492 | 0.806
4.B | 148 12863 |0.492 | 0.806
4.C | 160 12863 |0.507|0.817
4.D | 155 12483 |0.503 |0.814

b

Number Tree |CI RI

of nodes length

(max 181)
1.A | 160 11716 | 0.537 | 0.838
1.B | 160 11726 | 0.537 | 0.838
1.C | 152 11921 |0.528 | 0.832
1.D | 155 11803 | 0.533 | 0.836
2.A| 165 11730 | 0.537 | 0.838
2.B | 164 11749 |0.536 | 0.837
2.C | 163 11982 |0.525 | 0.830
2.D| 162 11957 | 0.526 | 0.831
3.A | 165 11940 | 0.527|0.832
3.B|163 11966 |0.526|0.831
3.C | 163 11966 |0.526 | 0.831
3.D|164 12006 |0.524 | 0.830
4.A | 161 12165 | 0.517 | 0.825
4.B | 161 12165 |0.517|0.825
4.C | 161 12156 | 0.517 | 0.825
4.D | 162 12105 |0.520 | 0.827

C

Number |Tree cl RI

of nodes |length

(max 54)
1.A |50 5953 0.605 | 0.857
1.B |54 5912 0.609 | 0.860
1.C |54 5912 0.609 | 0.860
1.D |54 5887 0.612 | 0.861
2.A |53 5956 0.605 | 0.857
2.B |53 5956 0.605 | 0.857
2.C |53 5956 0.605 | 0.857
2.0 |52 5953 0.605 | 0.857
3.A |53 5956 0.605 | 0.857
3.B |53 5956 0.605 | 0.857
3.C |53 5956 0.605 | 0.857
3.D |52 5953 0.605 | 0.857
4.A |53 6035 0.597 | 0.852
4B |53 6035 0.597 | 0.852
4.C |53 6035 0.597 | 0.852
4.D |53 6052 0.595 | 0.851
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Supplementary Table S4. Similarity of the resulting supertrees based on sensitivity analyses measured by SPR distances. Number of SPR
moves and percentage similarity between the two supertrees (in parentheses). (a) Representative dataset. (b) Representative dataset excluding
four wildcard taxa. (¢) HGDP dataset.

1A

1.B

1.C

1.D

2.A

2.B

2.C

2.D

3.A

3.B

3.C

3.D

4.A

4.B

4.C

4.D

1A |-

9(0.9519)

8(0.9572)

10 (0.9465)

28 (0.8503)

28 (0.8503)

37 (0.8021)

37 (0.8021)

38 (0.7968)

38 (0.7968)

38 (0.7968)

49 (0.7380)

38 (0.7968)

40 (0.7861)

42 (0.7754)

40 (0.7861)

1.B

9(0.9519)

6 (0.9679)

8(0.9572)

26 (0.8610)

26 (0.8610)

34 (0.8182)

32 (0.8289)

36 (0.8075)

33 (0.8235)

34 (0.8182)

45 (0.7594)

39 (0.7914)

39 (0.7914)

43 (0.7701)

41 (0.7807)

1.C

8 (0.9572)

6 (0.9679)

3(0.9840)

14 (0.9251)

15 (0.9198)

20 (0.8930)

24 (0.8717)

24 (0.8717)

24 (0.8717)

23 (0.8770)

29 (0.8449)

26 (0.8610)

27 (0.8556)

28 (0.8503)

28 (0.8503)

1.D

10 (0.9465)

8(0.9572)

3(0.9840)

14 (0.9251)

15 (0.9198)

18 (0.9037)

17 (0.9091)

22 (0.8824)

20 (0.8930)

20 (0.8930)

23 (0.8770)

24 (0.8717)

24 (0.8717)

27 (0.8556)

23 (0.8770)

2.A

28 (0.8503)

26 (0.8610)

14 (0.9251)

14(0.9251) | -

1(0.9947)

13 (0.9305)

16 (0.9144)

18 (0.9037)

18 (0.9037)

18 (0.9037)

25 (0.8663)

35 (0.8128)

36 (0.8075)

37(0.8021)

40 (0.7861)

2.B

28 (0.8503)

26 (0.8610)

15 (0.9198)

15 (0.9198)

1(0.9947)

13 (0.9305)

16 (0.9144)

18 (0.9037)

17 (0.9091)

18 (0.9037)

25 (0.8663)

35 (0.8128)

35 (0.8128)

37 (0.8021)

40 (0.7861)

2.C

37 (0.8021)

34 (0.8182)

20 (0.8930)

18 (0.9037)

13 (0.9305)

13 (0.9305) | -

9(0.9519)

21(0.8877)

20 (0.8930)

19 (0.8984)

34 (0.8182)

36 (0.8075)

37 (0.8021)

39 (0.7914)

43 (0.7701)

2.D

37 (0.8021)

32 (0.8289)

24 (0.8717)

17 (0.9091)

16 (0.9144)

16 (0.9144)

9(0.9519)

20 (0.8930)

20 (0.8930)

20 (0.8930)

30 (0.8396)

38 (0.7968)

38 (0.7968)

38 (0.7968)

39 (0.7914)

3.A

38 (0.7968)

36 (0.8075)

24 (0.8717)

22 (0.8824)

18 (0.9037)

18 (0.9037)

21(0.8877)

20(0.8930) | -

2(0.9893)

2(0.9893)

13 (0.9305)

40 (0.7861)

41 (0.7807)

43 (0.7701)

41 (0.7807)

3.B

38 (0.7968)

33(0.8235)

24 (0.8717)

20 (0.8930)

18 (0.9037)

17 (0.9091)

20 (0.8930)

20 (0.8930)

2(0.9893)

1(0.9947)

12 (0.9358)

38 (0.7968)

38 (0.7968)

41 (0.7807)

39 (0.7914)

3.C

38 (0.7968)

34 (0.8182)

23 (0.8770)

20 (0.8930)

18 (0.9037)

18 (0.9037)

19 (0.8984)

20 (0.8930)

2(0.9893)

1(0.9947)

12 (0.9358)

38 (0.7968)

39 (0.7914)

40 (0.7861)

39 (0.7914)

3.D

49 (0.7380)

45 (0.7594)

29 (0.8449)

23 (0.8770)

25 (0.8663)

25 (0.8663)

34 (0.8182)

30 (0.8396)

13 (0.9305)

12 (0.9358)

12 (0.9358) | -

45 (0.7594)

46 (0.7540)

49 (0.7380)

42 (0.7754)

4.A

38 (0.7968)

39 (0.7914)

26 (0.8610)

24 (0.8717)

35 (0.8128)

35 (0.8128)

36 (0.8075)

38 (0.7968)

40 (0.7861)

38 (0.7968)

38 (0.7968)

45 (0.7594) | -

1(0.9947)

2(0.9893)

6 (0.9679)

4.B

40 (0.7861)

39 (0.7914)

27 (0.8556)

24 (0.8717)

36 (0.8075)

35 (0.8128)

37 (0.8021)

38 (0.7968)

41 (0.7807)

38 (0.7968)

39 (0.7914)

46 (0.7540)

1(0.9947)

2(0.9893)

6 (0.9679)

4.C

42 (0.7754)

43 (0.7701)

28 (0.8503)

27 (0.8556)

37 (0.8021)

37 (0.8021)

39 (0.7914)

38 (0.7968)

43 (0.7701)

41 (0.7807)

40 (0.7861)

49 (0.7380)

2(0.9893)

2(0.9893)

7(0.9626)

4.D

40 (0.7861)

41 (0.7807)

28 (0.8503)

23 (0.8770)

40 (0.7861)

40 (0.7861)

43 (0.7701)

39 (0.7914)

41 (0.7807)

39 (0.7914)

39 (0.7914)

42 (0.7754)

6 (0.9679)

6 (0.9679)

7(0.9626)

24



1A

1.B

1.C

1.D

2.A

2.B

2.C

2.D

3.A

3.B

3.C

3.0

4.A

4.B

4.C

4.D

1A

8 (0.9563)

11 (0.9399)

14 (0.9235)

27 (0.8525)

28 (0.8470)

44, (0.7596)

46 (0.7486)

35 (0.8087)

38 (0.7923)

38 (0.7923)

45 (0.7541)

40 (0.7814)

41 (0.7760)

41 (0.7760)

41 (0.7760)

1.B

8 (0.9563)

12 (0.9344)

15 (0.9180)

25 (0.8634)

25 (0.8634)

41 (0.7760)

39 (0.7869)

35 (0.8087)

34 (0.8142)

35 (0.8087)

43 (0.7650)

41 (0.7760)

41 (0.7760)

42 (0.7705)

42 (0.7705)

1.C

11 (0.9399)

12 (0.9344)

3(0.9836)

30 (0.8361)

31 (0.8306)

36 (0.8033)

38 (0.7923)

30 (0.8361)

30 (0.8361)

29 (0.8415)

36 (0.8033)

36 (0.8033)

37(0.7978)

36 (0.8033)

36 (0.8033)

1.D

14 (0.9235)

15 (0.9180)

3(0.9836)

30 (0.8361)

31 (0.8306)

38 (0.7923)

34 (0.8142)

33 (0.8197)

31(0.8306)

31(0.8306)

34(0.8142)

39 (0.7869)

40 (0.7814)

40 (0.7814)

36 (0.8033)

2.A

27 (0.8525)

25 (0.8634)

30 (0.8361)

30 (0.8361)

1(0.9945)

25 (0.8634)

24 (0.8689)

17 (0.9071)

17 (0.9071)

17 (0.9071)

22 (0.8798)

40 (0.7814)

41 (0.7760)

41 (0.7760)

43 (0.7650)

2.B

28 (0.8470)

25 (0.8634)

31(0.8306)

31(0.8306)

1(0.9945)

25 (0.8634)

24 (0.8689)

17 (0.9071)

16 (0.9126)

17 (0.9071)

22 (0.8798)

40 (0.7814)

40 (0.7814)

41 (0.7760)

43 (0.7650)

2.C

44 (0.7596)

41 (0.7760)

36 (0.8033)

38 (0.7923)

25 (0.8634)

25 (0.8634)

5(0.9727)

22 (0.8798)

21(0.8852)

20 (0.8907)

33 (0.8197)

43 (0.7650)

44 (0.7596)

43 (0.7650)

44 (0.7596)

2.D

46 (0.7486)

39 (0.7869)

38 (0.7923)

34 (0.8142)

24 (0.8689)

24 (0.8689)

5(0.9727)

25 (0.8634)

24 (0.8689)

24 (0.8689)

33(0.8197)

49 (0.7322)

50 (0.7268)

50 (0.7268)

47 (0.7432)

3.A

35 (0.8087)

35 (0.8087)

30 (0.8361)

33 (0.8197)

17 (0.9071)

17 (0.9071)

22 (0.8798)

25 (0.8634)

2(0.9891)

2(0.9891)

11 (0.9399)

40 (0.7814)

41 (0.7760)

41 (0.7760)

40 (0.7814)

3.B

38 (0.7923)

34 (0.8142)

30 (0.8361)

31 (0.8306)

17 (0.9071)

16 (0.9126)

21 (0.8852)

24 (0.8689)

2(0.9891)

1(0.9945)

10 (0.9454)

40 (0.7814)

40 (0.7814)

41 (0.7760)

40 (0.7814)

3.C

38 (0.7923)

35 (0.8087)

29 (0.8415)

31(0.8306)

17 (0.9071)

17 (0.9071)

20 (0.8907)

24 (0.8689)

2(0.9891)

1(0.9945)

10 (0.9454)

40 (0.7814)

41 (0.7760)

40 (0.7814)

40 (0.7814)

3.0

45 (0.7541)

43 (0.7650)

36 (0.8033)

34 (0.8142)

22 (0.8798)

22 (0.8798)

33(0.8197)

33(0.8197)

11 (0.9399)

10 (0.9454)

10 (0.9454)

44 (0.7596)

45 (0.7541)

45 (0.7541)

42 (0.7705)

4.A

40 (0.7814)

41 (0.7760)

36 (0.8033)

39 (0.7869)

40 (0.7814)

40 (0.7814)

43 (0.7650)

49 (0.7322)

40 (0.7814)

40 (0.7814)

40 (0.7814)

44, (0.7596)

1(0.9945)

1(0.9945)

4(0.9781)

4.B

41 (0.7760)

41 (0.7760)

37 (0.7978)

40 (0.7814)

41 (0.7760)

40 (0.7814)

44 (0.7596)

50 (0.7268)

41 (0.7760)

40 (0.7814)

41 (0.7760)

45 (0.7541)

1(0.9945)

1(0.9945)

4(0.9781)

4.C

41 (0.7760)

42 (0.7705)

36 (0.8033)

40 (0.7814)

41 (0.7760)

41 (0.7760)

43 (0.7650)

50 (0.7268)

41 (0.7760)

41 (0.7760)

40 (0.7814)

45 (0.7541)

1(0.9945)

1(0.9945)

4(0.9781)

4.D

41 (0.7760)

42 (0.7705)

36 (0.8033)

36 (0.8033)

43 (0.7650)

43 (0.7650)

44 (0.7596)

47 (0.7432)

40 (0.7814)

40 (0.7814)

40 (0.7814)

42 (0.7705)

4(0.9781)

4(0.9781)

4(0.9781)
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1.A 1.8 1.c 1.D 2.A 2.8 2.C 2.D 3.A 3.8 3.C 3.0 4.A 4.8 a.c 4.0

1A |- 13 (0.7636) | 13 (0.7636) | 13 (0.7636) | 14 (0.7455) | 15 (0.7273) | 15 (0.7273) | 15 (0.7273) | 14 (0.7455) | 15 (0.7273) | 15 (0.7273) | 15 (0.7273) | 15 (0.7273) | 16 (0.7091) | 16 (0.7091) | 17 (0.6909)
1.B | 13 (0.7636) | - 1(0.9818) | 1(0.9818) |7(0.8727) |7(0.8727) | 8(0.8545) |8(0.8545) |7(0.8727) |7(0.8727) |8(0.8545) | 8(0.8545) |9(0.8364) |9(0.8364) |10(0.8182) | 11 (0.8000)
1.c | 13(0.7636) | 1(0.9818) |- 1(0.9818) | 7(0.8727) |8(0.8545) |7(0.8727) |8(0.8545) |7(0.8727) | 8(0.8545) |7(0.8727) |8(0.8545) |9(0.8364) |10(0.8182)|9(0.8364) | 11 (0.8000)
1.D | 13 (0.7636) | 1(0.9818) |1(0.9818) | - 7(0.8727) |8(0.8545) |8(0.8545) |7(0.8727) |7(0.8727) | 8(0.8545) |8(0.8545) |7(0.8727) |9(0.8364) |10 (0.8182) | 10(0.8182) | 10(0.8182)
2.A | 14(0.7455) | 7(0.8727) | 7(0.8727) |7(0.8727) |- 1(0.9818) | 1(0.9818) |1(0.9818) |0(1.0000) |1(0.9818) |1(0.9818) | 1(0.9818) |5(0.9091) |6(0.8909) |6(0.8909) | 7(0.8727)
2.B | 15(0.7273) | 7(0.8727) | 8(0.8545) |8(0.8545) |1(0.9818) |- 1(0.9818) | 1(0.9818) |0(1.0000) | 0(1.0000) | 1(0.9818) |1(0.9818) |5(0.9091) |5(0.9091) |6 (0.8909) |7 (0.8727)
2.C | 15(0.7273) | 8(0.8545) | 7(0.8727) |8(0.8545) |1(0.9818) |1(0.9818) |- 1(0.9818) | 0(1.0000) |1(0.9818) |0(1.0000) | 1(0.9818) |5(0.9091) |6(0.8909) |5(0.9091) |7 (0.8727)
2.D | 15(0.7273) | 8(0.8545) | 8(0.8545) | 7(0.8727) |1(0.9818) | 1(0.9818) |1(0.9818) |- 0(1.0000) |1(0.9818) |1(0.9818) |0(1.0000) |5 (0.9091) |6(0.8909) |6 (0.8909) |6 (0.8909)
3.A | 14(0.7455) | 7(0.8727) | 7(0.8727) |7(0.8727) |0(1.0000) | 0(1.0000) |0(1.0000) |0 (1.0000) |- 1(0.9818) | 1(0.9818) |1(0.9818) |5(0.9091) |6(0.8909) |6 (0.8909) |7 (0.8727)
3.B | 15(0.7273) | 7(0.8727) | 8(0.8545) |8(0.8545) |1(0.9818) | 0(1.0000) |1(0.9818) |1(0.9818) |1(0.9818) |- 1(0.9818) | 1(0.9818) |5(0.9091) |5(0.9091) |6(0.8909) |7(0.8727)
3.C | 15(0.7273) | 8(0.8545) | 7(0.8727) |8(0.8545) | 1(0.9818) | 1(0.9818) |0(1.0000) |1(0.9818) |1(0.9818) |1(0.9818) |- 1(0.9818) | 5(0.9091) |6(0.8909) |5 (0.9091) |7(0.8727)
3.D | 15(0.7273) | 8(0.8545) | 8(0.8545) |7(0.8727) |1(0.9818) |1(0.9818) |1(0.9818) | 0(1.0000) |1(0.9818) |1(0.9818) |1(0.9818) |- 5(0.9091) |6(0.8909) |6(0.8909) |6 (0.8909)
4.A | 15(0.7273) | 9(0.8364) | 9(0.8364) |9(0.8364) | 5(0.9091) |5(0.9091) |5(0.9091) |5(0.9091) |5(0.9091) |5(0.9091) |5(0.9091) |5(0.9091) |- 1(0.9818) | 1(0.9818) | 2(0.9636)
4.8 | 16(0.7091) | 9(0.8364) | 10(0.8182) | 10 (0.8182) | 6 (0.8909) |5(0.9091) | 6(0.8909) | 6(0.8909) |6(0.8909) | 5(0.9091) |6(0.8909) |6(0.8909) |1(0.9818) |- 1(0.9818) | 2(0.9636)
4.C | 16(0.7091) | 10 (0.8182) | 9(0.8364) | 10(0.8182) | 6(0.8909) | 6(0.8909) |5(0.9091) | 6(0.8909) |6(0.8909) | 6(0.8909) |5(0.9091) |6(0.8909) |1(0.9818) |1(0.9818) |- 2(0.9636)
4.0 | 17 (0.6909) | 11 (0.8000) | 11 (0.8000) | 10 (0.8182) | 7 (0.8727) | 7(0.8727) | 7(0.8727) | 6(0.8909) |7(0.8727) |7(0.8727) |7(0.8727) |6(0.8909) | 2(0.9636) |2(0.9636) |2 (0.9636) |-
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Supplementary Table S5. (a) Wildcard taxa identified in each parameter set of the
sensitivity analysis of the representative dataset, with the number of additional nodes of the
consensus gained by their exclusion (in parenthesis). Wildcard taxa decreasing the resolution
of the consensus by 5 nodes or more are in bold. (b) Sum of wildcard taxa identified in each
parameter set and the sum of additional nodes of the consensus gained by their exclusion. (c)
Wildcard taxa identified in all parameters of the sensitivity analysis, the sum of parameter sets
in which these taxa acted as wildcard taxa and the sum of additional nodes of the consensus
gained by their exclusion.

a
A B C D

1| Amhara (1) Aari (1) Ache (1) Ache (1)

Aari (1) Ambhara (1) Andamanese (21) Andamanese (5)
Alorese (1) Andamanese (2) Armenian (1) Armenian (1)
Dogon (1) Burusho (1) Egyptian (1) Dayak Ngaju (10)
Egyptian (1) Dogon (1) Georgian (2) Egyptian (1)
Georgian (2) Egyptian (1) Malagasy (7) Malagasy (20)
Guarani, Toba, Wichi (1) | Guarani, Toba, Wichi (1) | Singapore Malay (1) Mapuche, Yahgan, Tehuelche (4)
Mozabite (1) Mozabite (1) Waiwai (1) Singapore Malay (1)
Yahgan, Tehuelche (3) | Yahgan, Tehuelche (3) | Waiwai (1)

2 | Amhara (1) Ambhara (1) Ache (1) Ache (1)
Andamanese (3) Andamanese (2) Cherokee (1) Ambhara (1)
Dogon (2) Dogon (2) Malagasy (3) Andamanese (1)
Guarani, Toba, Wichi (1) | Guarani, Toba, Wichi (1) | Nenets (1) Dogon (2)
Cherokee (1) Cherokee (1) Qatari (21) Nenets (1)
Malagasy (23) Malagasy (23) Waiwai (2) Qatari (21)

Waiwai (2)

3 | Andamanese (7) Andamanese (14) Andamanese (14) Guarani, Toba, Wichi (1)
Cherokee (1) Cherokee (1) Cherokee (1) Andamanese (1)
Guarani, Toba, Wichi (1) | Guarani, Toba, Wichi (1) | Guarani, Toba, Wichi (1) | Malagasy (5)
Malagasy (5) Malagasy (3) Malagasy (3) Nenets (1)
Nenets (1) Nenets (1) Nenets (1)

Orcadian (2) Orcadian (2) Orcadian (2)

4 | Andamanese (7) Andamanese (7) Amhara (1) Andamanese (1)
Cherokee (1) Cherokee (1) Andamanese (7) Cherokee (1)
Malagasy (9) Malagasy (9) Bidayuh (1) Dayak Ngaju (1)
Tibetan (2) Tibetan (2) Dogon (2) Malagasy (9)
Toba, Wichi (1) Toba, Wichi (1) Cherokee (1) Tibetan (2)
Yahgan (1) Yahgan (1) Mozabite (1) Toba, Wichi (1)

Tibetan (2) Yahgan (1)
Toba, Wichi (1)
Yahgan (1)
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b C
Sum of Sum of
parameter | nodes
A B C D Sum sets
1/8/9 [9/12 |9/38 |9/44 |35/103 Aari 2 4
2|6/31 |6/30 |6/29 7/29 |25/119 Ache 4 4
3|6/17 |6/22 |6/22 4/9 22/70 Alorese 1 1
4(6/21 |6/21 |9/17 7/16 |28/75 Amhara 6 6
Sum | 26/78 | 27/85 |30/106 |27/98 Andamanese 14 92
Armenian 2 2
Burusho 1 1
Dayak Ngaju 2 11
Dogon 6 10
Egyptian 4
Georgian 2
Guarani, Toba, 8
Wichi
Cherokee 10 10
Malagasy 12 119
Mapuche, Yahgan, | 1 4
Tehuelche
Mozabite 3
Nenets 6
Orcadian 3
Qatari 2 42
Singapore_Malay |2
Tibetan 4
Toba, Wichi 4
Waiwai 4
Yahgan,
Tehuelche
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Supplementary Table S6. List of characters included in the linguistic classification datasets.
Characters that are phylogenetically informative for 186 taxa in the representative dataset are
in black. Characters that are phylogenetically informative for 186 taxa in the representative
dataset are in gray. Characters not used to constrain the topology of the language-constrained
supertree (Fig. 3) are in red. (a) Ethnologue dataset. (b) Greenberg—Ruhlen dataset.

a) Ethnologue dataset

[1] Khoisan

[4]  Khoisan: Southern Africa
[5]  Niger-Congo

[7] Niger-Congo: Atlantic-Congo

[12] Niger-Congo: Atlantic-Congo: Volta-Congo: Benue-Congo
[13] Niger-Congo: Atlantic-Congo: Volta-Congo: Benue-Congo: Bantoid

[17] Nilo-Saharan
[18] Afro-Asiatic
[19] Afro-Asiatic: Berber
[20] Afro-Asiatic: Chadic
[21] Afro-Asiatic: Cushtic

[23] Afro-Asiatic: Semitic
[24] Dravidian

[27] Indo-European
[28] Uralic

[30] Chukotko-Kamchatkan
[31] Eskimo-Aleut

[32] Altaic

[33] Altaic: Turkic

[34] Altaic: Mongolic
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[35]
[37]

[38]
[39]

[42]
[43]
[44]

[46]
[47]

[49]
[50]
[51]

[61]

[65]

[78]

Altaic: Tungusic
Sino-Tibetan

Sino-Tibetan: Chinese
Sino-Tibetan: Tibeto-Burman

Eyak-Athabascan
Eyak-Athabascan: Athabascan
Hmong-Mien

Austro-Asiatic
Austro-Asiatic: Mon-Khmer

Austronesian
Austronesian: Malayo-Polynesian
Austronesian: Malayo-Polynesian: Oceanic

Australian

Algic

Chibchan
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[89]

[99]

Maipurean

Tupian

b) Greenberg-Ruhlen dataset

[1]
[2]
[3]
[4]
[5]

[7]
[8]
[9]
[10]
[11]

Khoisan
Niger-Kordofanian
Nilo-Saharan
Afro-Asiatic
Dravidian

Indo-Hittite

Uralic
Chukchi-Kamchatkan
Eskimo-Aleut
Macro-Altaic
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[12]
[13]
[14]
[15]
[16]

[18]
[19]

[26]

[30]
[31]
[32]

[35]
[36]
[38]
[39]

[42]

Sino-Tibetan
Na-Dene

Austric

Austric: Austroasiatic
Austric: Miao-Yao

Austric: Austronesian
Indo-Pacific

Australian

Amerind
Amerind: Almosan
Amerind: Keresiouan

Amerind: Central
Amerind: Chibchan

Amerind: Andean
Amerind: Equatorial

Amerind: Macro-Panoan
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Supplementary Table S7. Consistency index (CI), retention index (RI), and normalized ClI
and RI values for linguistic groupings resulting from the optimization of the linguistic
classification datasets on the topology of the purely genetic and combined supertree (based on
parameter set 1.A of the sensitivity analysis). (a) Ethnologue dataset. (b) Greenberg—Ruhlen
dataset. (c) Additional linguistic macrofamilies accepted from Ruhlen®.

a

c.i. r.i. normalized c.i. normalized r.i.
Linguistic N Genetic Combined Genetic Combined Genetic Combined Genetic tree | Combined
grouping taxa tree tree tree tree tree tree tree
Khoisan 7 0.33333333 | 0.33333333 0.66666667 | 0.66666667 2.33333331 | 2.33333331 4.66666669 | 4.66666669
Khoisan: Southern | 5 1 1 1 1 5 5 5 5
Africa
Niger-Congo 10 0.16666667 | 0.16666667 0.44444444 | 0.44444444 1.6666667 1.6666667 4.4444444 4.4444444
Niger-Congo: 9 0.16666667 | 0.16666667 0.375 0.375 1.50000003 | 1.50000003 3.375 3.375
Atlantic-Congo
Niger-Congo: 6 0.33333333 | 0.33333333 0.6 0.6 1.99999998 | 1.99999998 3.6 3.6
Atlantic-Congo:
Volta-Congo:
Benue-Congo
Niger-Congo: 6 0.33333333 | 0.33333333 0.6 0.6 1.99999998 | 1.99999998 3.6 3.6
Atlantic-Congo:
Volta-Congo:
Benue-Congo:
Bantoid
Nilo-Saharan 5 0.25 0.25 0.25 0.25 1.25 1.25 1.25 1.25
Afro-Asiatic 28 0.11111111 | 0.16666667 0.7037037 0.81481481 3.11111108 | 4.66666676 19.7037036 | 22.81481468
Afro-Asiatic: 2 0.5 0.5 0 0 1 1 0 0
Berber
Afro-Asiatic: 4 0.5 0.5 0.66666667 | 0.66666667 2 2 2.66666668 | 2.66666668
Chadic
Afro-Asiatic: 7 0.16666667 | 0.25 0.16666667 | 0.5 1.16666669 | 1.75 1.16666669 | 3.5
Cushtic
Afro-Asiatic: 14 0.16666667 | 0.2 0.61538462 | 0.69230769 2.33333338 | 2.8 8.61538468 | 9.69230766
Semitic
Dravidian 4 0.5 0.5 0.66666667 | 0.66666667 2 2 2.66666668 | 2.66666668
Indo-European 22 0.11111111 | 0.125 0.61904762 | 0.66666667 2.44444442 | 2.75 13.6190476 | 14.66666674

4

Uralic 4 0.33333333 | 0.33333333 0.33333333 | 0.33333333 1.33333332 | 1.33333332 1.33333332 | 1.33333332
Chukotko- 2 0.5 0.5 0 0 1 1 0 0
Kamchatkan
Eskimo-Aleut 2 0.5 0.5 0 0 1 1 0 0
Altaic 11 0.16666667 | 0.16666667 0.5 0.5 1.83333337 | 1.83333337 5.5 5.5
Altaic: Turkic 4 0.25 0.25 0 0 1 1 0 0
Altaic: Mongolic 3 0.33333333 | 0.33333333 0 0 0.99999999 | 0.99999999 0 0
Altaic: Tungusic 4 0.33333333 | 0.33333333 0.33333333 | 0.33333333 1.33333332 | 1.33333332 1.33333332 | 1.33333332
Sino-Tibetan 9 0.25 0.33333333 0.625 0.75 2.25 2.99999997 5.625 6.75
Sino-Tibetan: 4 1 1 1 1 4 4 4 4
Chinese
Sino-Tibetan: 5 0.33333333 | 0.33333333 0.5 0.5 1.66666665 | 1.66666665 2.5 2.5
Tibeto-Burman
Eyak-Athabascan 4 0.25 0.25 0 0 1 1 0 0
Eyak-Athabascan: | 3 0.33333333 | 0.33333333 0 0 0.99999999 | 0.99999999 0 0
Athabascan
Hmong-Mien 2 0.5 0.5 0 0 1 1 0 0
Austro-Asiatic 5 0.33333333 | 0.33333333 0.5 0.5 1.66666665 | 1.66666665 2.5 2.5
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Austro-Asiatic: 5 0.33333333 | 0.33333333 0.5 0.5 1.66666665 | 1.66666665 2.5 2.5

Mon-Khmer

Austronesian 28 0.2 0.25 0.85185185 | 0.88888889 5.6 7 23.8518518 | 24.88888892

Austronesian: 24 0.11111111 | 0.25 0.65217391 | 0.86956522 2.66666664 | 6 15.6521738 | 20.86956528

Malayo-Polynesian 4

Austronesian: 5 0.5 0.33333333 0.75 0.5 2.5 1.66666665 3.75 2.5

Malayo-

Polynesian:

Oceanic

Australian 3 0.5 0.33333333 0.5 0 1.5 0.99999999 1.5 0

Algic 2 1 1 1 1 2 2 2 2

Chibchan 2 1 1 1 1 2 2 2 2

Maipurean 2 1 1 1 1 2 2 2 2

Tupian 4 0.5 0.5 0.66666667 | 0.66666667 2 2 2.66666668 | 2.66666668
c.i. ri. rescaled c.i. rescaled r.i.

Linguistic N taxa | Genetic tree | Combined tree | Genetic tree | Combined tree | Genetic tree | Combined tree | Genetic tree | Combined tree

grouping

Khoisan 7 0.33333333 | 0.33333333 0.66666667 | 0.66666667 2.33333331 | 2.33333331 4.66666669 | 4.66666669

Niger- 10 0.16666667 | 0.16666667 0.44444444 | 0.44444444 1.6666667 1.6666667 4.4444444 4.4444444

Kordofanian

Nilo-Saharan 5 0.25 0.25 0.25 0.25 1.25 1.25 1.25 1.25

Afro-Asiatic 28 0.11111111 | 0.16666667 0.7037037 0.81481481 3.11111108 | 4.66666676 19.7037036 | 22.81481468

Dravidian 4 0.5 0.5 0.66666667 | 0.66666667 2 2 2.66666668 | 2.66666668

Indo-Hittite 22 0.1 0.125 0.57142857 | 0.66666667 2.2 2.75 12.57142854 | 14.66666674

Uralic 5 0.25 0.25 0.25 0.25 1.25 1.25 1.25 1.25

Chukchi- 2 0.5 0.5 0 0 1 1 0 0

Kamchatkan

Eskimo-Aleut 2 0.5 0.5 0 0 1 1 0 0

Macro-Altaic 13 0.14285714 | 0.14285714 0.5 0.5 1.85714282 | 1.85714282 6.5 6.5

Sino-Tibetan 9 0.25 0.25 0.625 0.625 2.25 2.25 5.625 5.625

Na-Dene 5 0.2 0.2 0 0 1 1 0 0

Austric 36 0.1 0.1 0.74285714 | 0.77142857 3.6 3.6 26.74285704 | 27.77142852

Austric: 5 0.5 0.5 0.66666667 | 0.66666667 2.5 2.5 3.33333335 | 3.33333335

Austroasiatic

Austric: Miao-Yao | 2 0.5 0.5 0 0 1 1 0 0

Austric: 28 0.14285714 | 0.16666667 0.77777778 | 0.81481481 3.99999992 | 4.66666676 21.77777784 | 22.81481468

Austronesian

Indo-Pacific 3 0.33333333 | 0.33333333 0 0 0.99999999 | 0.99999999 0 0

Australian 3 0.5 0.33333333 0.5 0 1.5 0.99999999 1.5 0

Amerind 25 0.5 0.5 0.95833333 | 0.95833333 12.5 12,5 23.95833325 | 23.95833325

Amerind: 2 1 1 1 1 2 2 2 2

Almosan

Amerind: 2 0.5 0.5 0 0 1 1 0 0

Keresiouan

Amerind: Central | 3 0.33333333 | 0.33333333 0 0 0.99999999 | 0.99999999 0 0

Amerind: 2 1 1 1 1 2 2 2 2

Chibchan

Amerind: Andean | 4 0.25 0.25 0.25 0.25 1 1 1 1

Amerind: 6 0.33333333 | 0.33333333 0.6 0.6 1.99999998 | 1.99999998 3.6 3.6

Equatorial

Amerind: Macro- | 2 1 1 1 1 2 2 2 2

Panoan

34




c.i. r.i. rescaled c.i. rescaled r.i.
Linguistic N taxa | Genetic tree | Combined tree | Genetic tree | Combined tree | Genetic tree | Combined tree | Genetic tree | Combined tree
grouping
Eurasiatic 46 0.05882353 | 0.0625 0.64444444 | 0.66666667 2.70588238 | 2.875 29.64444424 | 30.66666682
Nostratic (incl. 76 0.0625 0.07692308 0.8 0.84 4.75 5.84615408 60.8 63.84
Afro-Asiatic and
Dravidian)
Na-Dene (incl. 6 0.16666667 | 0.16666667 0 0 1.00000002 | 1.00000002 0 0
Yeniseian)
Dene-Caucasian 36 0.07142857 | 0.07142857 0.27777778 | 0.27777778 2.57142852 | 2.57142852 10.00000008 | 10.00000008
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Supplementary Table S8. Supertree dataset references.
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SUPPLEMENTARY FIGURES
Supplementary Figure S1. Semistrict consensus supertree based on parameter set 1.A of the

sensitivity analysis of the representative dataset. A symbol “|O|” indicates clades which would
be collapsed into polytomies in a strict consensus supertree.
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Supplementary Figure S2. Semistrict consensus supertree based on parameter set 1.B of the
sensitivity analysis of the representative dataset. A symbol “|O|” indicates clades which would
be collapsed into polytomies in a strict consensus supertree.
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Supplementary Figure S3. Semistrict consensus supertree based on parameter set 1.C of the
sensitivity analysis of the representative dataset. A symbol “|O|” indicates clades which would
be collapsed into polytomies in a strict consensus supertree.
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Supplementary Figure S4. Semistrict consensus supertree based on parameter set 1.D of the
sensitivity analysis of the representative dataset. A symbol “|O|” indicates clades which would

be collapsed into polytomies in a strict consensus supertree.
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Supplementary Figure SS. Semistrict consensus supertree based on parameter set 2.A of the
sensitivity analysis of the representative dataset. A symbol “|O|” indicates clades which would
be collapsed into polytomies in a strict consensus supertree.
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Supplementary Figure S6. Semistrict consensus supertree based on parameter set 2.B of the
sensitivity analysis of the representative dataset. A symbol “|O|” indicates clades which would
be collapsed into polytomies in a strict consensus supertree.
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Supplementary Figure S7. Semistrict consensus supertree based on parameter set 2.C of the
sensitivity analysis of the representative dataset. A symbol “|O|” indicates clades which would

be collapsed into polytomies in a strict consensus supertree.
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Supplementary Figure S8. Semistrict consensus supertree based on parameter set 2.D of the
sensitivity analysis of the representative dataset. A symbol “|O|” indicates clades which would
be collapsed into polytomies in a strict consensus supertree.
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Supplementary Figure S9. Semistrict consensus supertree based on parameter set 3.A of the
sensitivity analysis of the representative dataset. A symbol “|O|” indicates clades which would
be collapsed into polytomies in a strict consensus supertree.
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Supplementary Figure S10. Semistrict consensus supertree based on parameter set 3.B of
the sensitivity analysis of the representative dataset. A symbol “|OJ” indicates clades which
would be collapsed into polytomies in a strict consensus supertree.
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Supplementary Figure S11. Semistrict consensus supertree based on parameter set 3.C of
the sensitivity analysis of the representative dataset. A symbol “|OJ” indicates clades which
would be collapsed into polytomies in a strict consensus supertree.
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Supplementary Figure S12. Semistrict consensus supertree based on parameter set 3.D of
the sensitivity analysis of the representative dataset. A symbol “|OJ” indicates clades which
would be collapsed into polytomies in a strict consensus supertree.
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Supplementary Figure S13. Semistrict consensus supertree based on parameter set 4.A of
the sensitivity analysis of the representative dataset. A symbol “|OJ” indicates clades which

would be collapsed into polytomies in a strict consensus supertree.
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Supplementary Figure S14. Semistrict consensus supertree based on parameter set 4.B of
the sensitivity analysis of the representative dataset. A symbol “|OJ” indicates clades which

would be collapsed into polytomies in a strict consensus supertree.
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Supplementary Figure S15. Semistrict consensus supertree based on parameter set 4.C of
the sensitivity analysis of the representative dataset. A symbol “|OJ” indicates clades which
would be collapsed into polytomies in a strict consensus supertree.
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Supplementary Figure S16. Semistrict consensus supertree based on parameter set 4.D of
the sensitivity analysis of the representative dataset. A symbol “|OJ” indicates clades which
would be collapsed into polytomies in a strict consensus supertree.

Analysis space plot

Equal weights |1.A[1.B|1.C|1.D

Trees upweighted (2.A|2.B|2.C|2.D

Genetic trees upweighted [3.A[3.B|3.C[3.D

>
=

Genomic trees upweighted

>
@

- &
All-0 outgroup >
Trees rooted

Genetic trees rooted | £

Rooted by apes and archaic hominins

65



Supplementary Figure S17. Pruned strict consensus supertree based on parameter set 1.C of
the representative dataset. Alternative positions of the identified wildcard taxa are indicated.
A symbol “>" indicates wildcard taxa which would be placed within a polytomy, if included
in the analysis.
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Supplementary Figure S18. Pruned strict consensus supertree based on parameter set 1.D of
the sensitivity analysis of the representative dataset. Alternative positions of the identified
wildcard taxa are indicated. A symbol “>” indicates wildcard taxa which would be placed
within a polytomy, if included in the analysis.
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Supplementary Figure S19. Semistrict consensus supertree based on admixture plots.
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Supplementary Figure S20. Pruned strict consensus supertree based on admixture plots.
Alternative positions of the identified wildcard taxa are indicated. A symbol “>" indicates
wildcard taxa which would be placed within a polytomy, if included in the analysis.
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Supplementary Figure S21. Semistrict consensus supertree based on parameter set 1.A
showing the taxa for which there are informative linguistic characters and the clades

supported by linguistic characters (in red).
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Supplementary Figure S22. (a) Supertree constrained by Greenberg-Ruhlen dataset based on
linguistic classification from Ethnologue, Ruhlen, and Greenberg & Ruhlen. White circles
indicate linguistic topological constraints. Grey circles indicate an unconstrained taxon or
clade (usually a language isolate) recovered within a constrained one. (b) A section of the
supertree constrained by linguistic classification of the Amerind macrofamily based on
Greenberg & Ruhlen® but without a constraint on the monophyly of the Amerind itself.
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Supplementary Figure S23. Tanglegram comparing supertrees based on a representative
dataset. (a) The purely genetic supertree. (b) Galled network based on two supertrees
constrained by linguistic classification based on Ruhlen'. Branches supported by linguistic
information (i.e., informative characters based either on the linguistic classification datasets or
on the linguistic source trees) are in black. Branches based solely on genetic information are
in gray. Instances of recent language shifts in selected populations (C African Pygmies,
“Negritos” of Malaysia and Philippines, and Ashkenazi Jews) are indicated by reticulations in
red. Dashed red lines indicate the phylogenetic placement of the population based on its
linguistic affiliation, solid red lines indicate the phylogenetic placement of the population
based on genetic/genomic data. Brackets delimit corresponding monophyletic or paraphyletic
groups in the two supertrees. Black lines connect corresponding (monophyletic or
paraphyletic) groups, gray lines connect terminal taxa. Both trees are right-ladderized.

I— Khwe [ Mbuti Pygmy
Juhoan Aka Pygmy
Kung [ Hadza N
Khomani L Sandawe \
Nama Khwe \
[~ Mbuti Pygmy Juhoan
- Aka Pygmy ] Kung n
Khomani I\
L Nama n
] Maasai n
Anuak \
] [ Dinka \
L Shilluk \
L |
I
Dogon |
Kikuyu |
— Kikuyu r
LE Dinka ]
Shilluk
Anuak L
Hadza
Sandawe ]
Aari [
Iraqw
Maasai Aari
Dogon Somali
Malagasy Iraqw J
Somali Beja Hadandawa
Beta Israel Oromo
Aweer Aweer
Amhara Rendille
Oromo Beta Israel
Rendille Mozabite
Beja Hadandawa Berber
Mozabne Qatari
Berber Amhara
LE Algerian ] [ Algerian
Moroccan Moroccan —
Egyptian Yemeni
— Qatari Egyptian
L vemeni Rwala Bedouin

Rwala Bedouin / [ Saudi Arabian
Saudi Arabian Palestinian

|

Toraja Chukchi “l
Mamanwa Koryak \ !!
Agta Siberian Yupik |'|
§ il

Palestinian Druze
Druze Syrian
] Turk Moroccan Jew
Iranian Lebanese
Armenian Mizrahi Jew _'J
Ashkenazi Jew Ashkenazi Jew <
Kurd Brahui \
Mizrahi Jew Madiga X
Moroccan|Jew Tamil :I_I \
Syrian Malayalam \
Lebanese Nenets
Tuscan Hungarian \
Sardinian Yukaghir ‘—‘
Greek [ Finnish
Romanian Saami
Italian Georgian
French Armenian —
Basque ] Greek
Spanish [ Kalash
German Sindhi
B English ] Pashtun
Polish Burusho
Hungarian Hazara
Orcadian Iranian
Russian Kurd
Finnish [ Balochi
Saami ] Makrani
Adygei Adygei
Georgian Russian
Balochi Polish
Makrani ] Orcadian
-1 Pashtun German
Kalash ] [ English
Sindhi Romanian
Brahui Tuscan
] Andamanese Sardinian
Madiga Italian
|_E Tamil ] [ French
Malayalam Basque
Burusho Spanish
I~ Hazara [ Kensiu
L Uyghur Jehai
I~ Kensiu ] AUSTRALIAN |
L jeha Ngarinyin ll
E Rumai ] Warlpiri 1
Lawa Naasioi HJ |
Malay Goroka |
Javanese Andamanese
Bidayuh ] Mamanwa |
Singapore Malay [ Agta \
Melayu Aeta !

Aeta Greenland Inuit \
Cebuano Haida
Tagalog Tlingit Iy
Bugis [ Nivkh
1 Taroko Dakelh iy
Atayal Dene [
Amis Navajo ll lll
Paiwan [ Cree :l—H:*
Iban Ojibwa 1y
Kambera M Lakota )
Manggara\] Cherokee ||l
Lembata Yucatec Maya iy
Hawaiian Waiwai H
Kosraean, Wichi :|_|i||_
Samoan Toba 1
Tongan Pima !
Maori Mixtec ]
Alorese Zapotec |
Naasioi \ Kaingang |
1 Goroka Arhuaco ]
AUSTRALIAN Kogi :|_l ll
Ngarinyin Aymara |
Warlpiri Quechua |
Evenki Mapuche !l
Ket ] Tehuelche B
Yukaghir Yahgan :
Tlingit Piapoco
Nivkh ] Curripaco I
Dakelh ‘ Karitiana=—)
Koryak ‘«\ Surui |
Chukchi Acheg_ﬂ
Siberian Yupik L Guarani I
Greenland Indit Northern Han Chinese I
Haida Southern Han Chinese |
Dene \ Min|\Nan Taiwanese I
Navajo \ Singapore Chinese |
Cree ] Lahu
Ojibwa Tujia
Mapuche T ‘ T\b«-\lm
Pima \
Yucatec Maya \ Nﬁx\
Lakota Korean
Aymara Jn anese
Quechua Ainu
E Tehuelche Xibo
Yahgan Hezhen i
Cherokee Orogen
Mixtec Evenk\
Zapotec Ket
Kaingang Tu
Arhuaco Daur —
Kogi KhalkhaMgngolian
Guarani Yakut
Wichi \ Tuvan l‘
Toba | Wyghur
Piapoco ’ Turk
Curripaco / Dai
Karitiana M\ a0
Surui Shpj_l
Ache w bodian
Waiwai Rumai
Yakut Lawa :|_
Tuvan Taroko = !
Nenets Atwyﬂ—' :
Khalkha Mongdlifn. Amis 1
Daur P’ﬂ van T
Hezhen Tagalog
Orogen, Cebuano
Xibo Rayak Ngaju
Tu Malagasy
Yi [ Javanese
Naxi ] Bidayuh
Tibetan Singapare_Malay
Korean Malay
Japanese Melayu
Ainu Iban
Dayak Ngajy Toraja
Northern Han Ghingse Bugis
Min Nan Taiwdngse Kosraean
Southern/Harl Zhinese, Samoan
Singapgre Cifinese Tongan
Tujia Hawaiian
She Maori
Miao ] Kambera
Dai [Manggara\
Lahu Lembata
Cambodian Alorese

72



Supplementary Figure S24. (a) An “anticonsensus” tree showing groups present in the
purely genetic supertree (Supplementary Figure S23a) that are absent from the supertree
constrained by linguistic classification (Supplementary Figure S23b). (b) An “anticonsensus”
tree showing groups in the supertree constrained by linguistic classification (Supplementary
Figure S23b) that are absent from the genetic supertree (Supplementary Figure S23b).
Polytomies indicate absence of conflict. A symbol “|O” indicates compatible groups, a
symbol “|X|” indicates contradictory groups.
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SUPPLEMENTARY METHODS

Data collection and manipulation

Source trees. The source trees were searched on the electronic databases Web of Science,
ScienceDirect, and Google Scholar. Complete bibliographies of all collected papers, as well
as papers that cite them, were searched in order to find additional source trees.

Only the source trees that were inferred by formal phylogenetic methods and based on
original analyses of real datasets (both genetic and linguistic) were included. To ensure
accessibility of data and accountability of the supertree sensu Gatesy et al.® with respect to its
source data, only trees published in peer-review sources (including web journals) were
collected. The only exception was an unpublished extension® of the published article* and two
conference papers>°. Trees published exclusively as parts of doctoral dissertations were not
included. The tree-like schemes derived solely from the formal linguistic classifications were
not considered valid source trees. Trees and admixture plots that include, exclusively or
predominantly, mixed ancestry populations such as African Americans, Mexican Mestizos, or
Cape Coloreds’® were not included, nor were the trees including only subpopulations of a

single population®*°.

The source trees were translated exactly as they appear in print. Standardization of taxonomic
nomenclature and taxonomic level, as well as pruning of invalid taxa, was performed after the
translation of a tree into matrix representation (MR).

Both rooted and unrooted trees of human populations or languages were utilized. Trees
including individuals or individual genotypes of known ethnic population origin instead of
ethnic populations™™2 were utilized also. Replacement of individuals/individual genotypes
with respective populations sometimes resulted in the MR implying that a terminal taxon is
placed at multiple positions of a tree. These taxa were then fused together, which resulted in a
less resolved tree.

The translation routine applies generally to all phylogenetic trees regardless of the method
used for estimating phylogeny (i.e., UPGMA, neighbor-joining, maximum parsimony,
maximume-likelihood, and Bayesian inference methods). The trees constructed by the program
TreeMix* were also utilized, with the “admixture edges” omitted during translations to MR.

Admixture plots. In addition to the source trees, we utilized admixture plots for the first time
as additional sources of data for the supertree construction. Admixture plots are graphical
outputs of programs STRUCTURE™, FRAPPE*, and ADMIXTURE®", developed to estimate
individual ancestry and population structure on the basis of recombining genetic markers such
as single nucleotide polymorphisms (SNPs), short tandem repeats (STRs), or sequence
haplotypes. These programs have been utilized extensively in human population genetic
studies. The STRUCTURE program has also been utilized to investigate the structure and
history of human populations based on linguistic markers'®. All the programs use iterative
maximume-likelihood or Bayesian clustering algorithms that attribute individual genotypes of
known ethnic population origin to K clusters such that Hardy—-Weinberg equilibrium is
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maximized within the clusters. Individuals are given a membership coefficient for each cluster
such that the estimated membership coefficient of each individual sums to 1 across K clusters.

The graphical outputs of these programs are plots indicating proportions of the individual
genotypes attributable to K clusters by color. Although these programs do not model history
explicitly, the inferred clusters can be interpreted post hoc as representing historical
populations, and individuals or populations that are mixtures of different components as
evidence of admixture between these populations®. Hierarchical information contained within
the admixture plot was converted into matrix representation as follows. Each population was
coded as “present” (“1”) or absent (“0”) based on proportions of individual genotypes
attributable to each cluster. Limited attribution to a given cluster (less than ca. 10%) was
neglected, and ambiguous sections of a plot (borderline proportions or different proportions in
individuals within a single population) were scored as “unknown” (“?”). The resulting matrix
of additive binary characters was analyzed by maximum parsimony to produce a phylogenetic
tree corresponding roughly to population clustering implied by the admixture plot. The trees
based on admixture plot often contained unresolved sections due to membership of some
populations in several clusters, but they still preserve enough valuable branching information.

Controlling for data non-independence and duplication. It is common practice in human
population history studies that both molecular and linguistic datasets are obtained from the
literature or open databases and re-used in a novel analysis. The re-use of the old data is
facilitated by on-line archiving molecular datasets including the Human Genome Diversity
Project (HGDP) panel’” or the International HapMap Project’®, and linguistic datasets
available online, such as the Austronesian Basic Vocabulary Database (ABVD)™.

Many molecular phylogenetic analyses of human populations are therefore extensions of
previous studies. This applies especially to analyses based on genome-wide data and on
human leukocyte antigen system (HLA). Also, analyses of the same linguistic groups are
often based on identical sets of cognates. As a result, the same character information can
contribute to more than one source tree. In all cases of data duplication, the overlap of
character data between source studies means that the associated source trees are not
independent of one another, a key assumption of phylogenetic analysis. Non-independence
can arise among trees from different studies, as well as among trees presented within a single
source study (“between-“ and “within-study non-independence”, respectively?®). The
consequence of data non-independence and the associated data duplication is that some data
partitions are effectively upweighted and might affect the supertree topology
disproportionally***. While the problem of data set non-independence cannot be eliminated
entirely, it can be largely ameliorated using an appropriate source tree collection and
exclusion protocol.

The most widely used protocol called “garbage in, garbage out”® is difficult to implement

since there is no explicit dependence threshold between analyses, and its strict application
neglects a huge amount of data and likely oversimplifies the existing phylogenetic
controversies®. It is also likely to introduce bias in the supertree dataset due to exclusion and
downweighting of matrices based on source trees derived from overlapping datasets. For these
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reasons, we used the so-called “less restricted” protocol for source tree retention and
exclusion®. In this approach, studies derived from modifications of previous datasets (e.g.,
new scoring for certain taxa, addition of taxa or characters) were regarded as separate
analyses. If a paper provides two or more different topologies, derived from modifications of
the same dataset (e.g. addition/exclusion of few taxa, different scoring for some characters),
these were included as separate source trees. However, secondary representations of a tree
taken from another study were not considered valid source trees.

Standardization of taxonomic nomenclature and taxonomic level. Merging MRs of the
source trees by terminal taxa requires prior standardization of taxonomic nomenclature.
Standardizing taxonomic nomenclature throughout the source trees is a daunting task since
there is no universally accepted taxonomic nomenclature of human populations. Numerous
alternate names of human ethno-linguistic groups (ethnonyms) exist®, reflecting differences
between population and language names, between auto/endonyms and exonyms, political
influences, or merely different spelling.

Taxonomic nomenclature was standardized using 1SO 639-3 codes from Ethnologue®, a
reference work cataloging all of the world’s known living and recently extinct languages.
Information on geographic range of a population in question, sampling location(s) of
genotyped individual(s), language affiliation and ethnonyms was utilized in order to
standardize taxonomy of the terminal taxa within and between source trees*?. Data provided
by Dediu & Ladd* were used to match groups of individuals included in HGDP panel*” with
the most likely corresponding ethno-linguistic groups.

Auto/endonyms were not systematically preferred over exonyms, since most of them are
scarcely used and largely unknown to both the general public and expert audience. We
avoided the use of exonyms that are nowadays considered derogatory (e.g., “Bushmen”,
“Hottentot”, “Semang”, “Eskimo”, “Chipewyan”, “Mataco Indians”%).

The source trees often include taxa (or operational taxonomic units, OTUs) that are
hierarchically nested one in another as different studies investigate human population
structure and history on different levels. The taxa for molecular analyses are often less
specified in comparison with taxa used in linguistic analyses. Nested taxa appear in published
human population-level phylogenetic trees as well as in admixture plots. In some cases, taxa
that are hierarchically inter-dependent appear within a single source tree (e.g., “S. Bantu” and
“Xhosa” in Tishkoff et al.*").

The taxonomic level of the terminal taxa was standardized to correspond to ethno-linguistic
groups listed in Ethnologue®. Lower-level taxa (i.e., subpopulations) took on the names of the
corresponding higher-level taxa in Ethnologue. Higher-level taxa (i.e., above the level of
groups listed in Ethnologue) were replaced by constituent lower-level taxa based on the
information provided in the source study. When this information was unavailable, “type”
population(s) were used in place of the higher taxon. They were selected with respect to the
sampling location(s), language affiliation of the genotyped individual(s), and other available
information (Supplementary Table S1).
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Multiple taxa from a single source tree representing subpopulations were fused together to
form a single taxon in the supertree dataset. Some subpopulations that are clearly
distinguishable geographically and/or culturally and are sufficiently represented across the
source trees (e.g., Cypriot Greek, Singapore Chinese) were retained in the supertree dataset.
When two or more subpopulations were present in the source tree in too distant positions so
that their fusion would lead to a great loss of the resolution of the tree, only the most
representative subpopulation (with respect to the number of genotyped individuals and the
sampling location) was retained in the supertree dataset.

Pruning invalid taxa. Matrix representations of the source trees with standardized taxonomic
nomenclature and taxonomic level were merged into a single supertree dataset and further
edited in Winclada ver. 1.00.08%,

The dataset was trimmed to include only valid taxa. Decisions on what constitutes a valid
taxon were guided by the appearance of the taxa in source trees, representation of these taxa
across the source trees, and the ability to unambiguously associate these taxa with ethno-
linguistic groups listed in Ethnologue?®®.

Mixed ancestry populations (e.g., “African American”, “US Hispanic”, or “Cape Mixed
Ancestry”) and colonial populations (e.g., Boer) were not considered valid taxa, but heavily
admixed indigenous populations (e.g., Malagasy, Naasioi, Aleut, Yucatec Maya) were
included. Extinct populations based solely on linguistic source trees were not considered, but
the populations from genetic source trees that have recently lost their original languages (e.g.,
Zenu) were included. Creole languages (e.g., Haitian) and colonial forms of Indo-European
languages (e.g., Afrikaans), based solely on linguistic source trees, were not considered valid,
whereas indigenous populations speaking creole languages (e.g., Karretjie, Rabaul), present in
genetic source trees, were retained. Loosely specified higher-level taxa in the source trees
(e.g., “African”, “S.W. Asian”, or “Native North American”), for which constituent
population(s) could not be identified nor type population(s) established, were excluded from
the supertree dataset. The only exceptions were “Australian Aboriginals” and “Northern
Australian Aboriginals” of unspecified ethnic population origin. Australia is poorly sampled
and unspecified samples outnumber those that are specified in the source trees. All
unspecified Australian and Northern Australian “Aboriginals” were fused together and
analyzed as a single terminal taxon named “AUSTRALIAN”, together with the ethnically
specified Australian Aboriginal populations. Taxa present in just one linguistic tree or in a
single admixture plot were not included.

Population samples. The resultant supertree dataset (unpublished) included 973 valid taxa
(human populations) and 5 great apes or archaic hominins that featured in the source trees
(Gorilla gorilla, Pan paniscus, Pan troglodytes, Denisova hominin, Homo neanderthalensis).
The representation of 973 taxa in the dataset is highly unequal: Cheyenne were scored only
for five (0.05%) and Northern Han Chinese for 4,153 (44.28%) “characters” (“matrix
elements™?) out of 9,380 phylogenetically informative characters.
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In order to facilitate comprehension and visualization of the inferred human population
relationship patterns, and to minimize the influence of unequal representation of individual
taxa in the combined data matrix, we created two datasets based on restricted samples of the
supertree dataset. The first dataset includes 186 populations and 5,717-5,987 phylogenetically
informative characters, depending on outgroup selection (“representative dataset”
hereinafter). This dataset included 52 populations from the HGDP panel*’**: 16 populations
which were added to represent additional “ancestral components” identified on the basis of
meta-analysis of 12 human genomic diversity projects by Shriner et al.**; and 16 more
populations added to represent “ancestral components” that were admittedly missing in this
meta-analysis® (i.e., Hadza, Sandawe, Fulani, Chadic, Cushitic, and Polynesian). Additional
102 populations were included in order to describe human diversity across world regions that
are underrepresented in meta-analyses of human genomic diversity projects®>* (Island SE
Asia, Melanesia, Australia, “Remote Oceania”, Europe, Siberia, and North America). We
included populations that seem to play a key role in understanding population expansions, as
they could potentially represent sister or basal groups of the expanding population groups,
e.g., populations of Caucasus (Armenian, Georgian, Adygei), Aboriginal Taiwanese (Amis,
Paiwan, Taroko, Atayal), or E Siberians (Yukaghir, Ket, Nivkh). We also included language
isolates and groups of debatable origin, e.g., Khwe, Andamanese, “Negritos” of Malaysia
(Jehai and Kensiu) and Philippines (Agta, Aeta, and Mamanwa), Malagasy, Australian
Aboriginals, Ainu, and Haida. The resulting dataset included both populations that are well
represented across source trees, and based on overlapping genetic, genomic and linguistic
trees and those that are poorly represented across source trees. Twenty-one populations in the
dataset were not included in any source trees based on genome-wide data. These are mostly
populations from Island South East Asia, Australia, and North America (Supplementary table
S2). The least represented populations were Cherokee and Haida, both scored for 28
characters (0.47%), whereas the best represented Northern Han Chinese were scored for 3,272
characters (54.65%) out of 5,987 phylogenetically informative characters.

The second dataset was created in order to investigate the stability of principal phylogenetic
groupings and to identify conflicts within the data, using only those populations that are best
represented across the source trees. Its population sample consists of populations included in
the HGDP panel'™* plus three additional populations: “AUSTRALIAN”, Kosraean, and
Samoan, representing Australia, Micronesia, and Polynesia, respectively (“HGDP dataset”
hereinafter). This dataset included 52 populations and 2,874-3,070 phylogenetically
informative characters, depending on outgroup selection. The least represented Kosraean were
scored for 84 characters (5.99%), whereas the best represented Northern Han Chinese were
scored for 2,250 characters (73.28%) out of 3,070 phylogenetically informative characters.
Most populations in the dataset were scored for over 10% of phylogenetically informative
characters.

Analyses

Phylogenetic analyses. Phylogenetic analyses were performed in TNT ver. 1.1¥. The
following tree-searching algorithm was used for each analysis:
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xinact; hold 10000; xmult= level 10 fuse 5 drift 30 rss css xss rat 50;
bbreak= tbr safe; tsave trees.ctf; save; tsave /; comcomp*; tchoose /;
tsave supertree.ctf; save; tsave /; tchoose -.;

The dataset was analyzed under “new technology search” with search level 10 using sectorial,
ratchet, and tree fusing searches, obtaining trees from a 10,000-replicate random addition
sequence, treating gaps as missing data and all character changes as equal and nonadditive.
The recovered most parsimonious trees (MPTs) were then subject to additional branch
swapping using a tree-bisection and reconnection method. The datasets were analyzed without
any topological constraints (i.e., without any assumptions on monophyly of any geographical
region or linguistic group). Up to 10,000 MPTs and one semistrict consensus supertree was
recovered in each of 16 parameter sets of the sensitivity analysis (see below). Tree length,
consistency index (Cl) and retention index (RI) for the resulting supertrees were calculated
after removal of parsimony-uninformative characters.

Sensitivity analysis. One of the major drawbacks of the phylogenetic supertree method is the
inapplicability of standard resampling or step-counting techniques for evaluating tree support
(i.e., bootstrap and jackkife support, or Bremer support) and the general inability to measure
uncertainty of inferred phylogenetic groupings (but see Bininda-Emonds*® and Wilkinson et
al.*).

To investigate stability of the inferred supertree topology, and to identify conflicts within the
data (i.e., to identify alternative taxonomic groupings inherent to the data), we used a method
inspired by sensitivity analysis sensu Wheeler®®. Sensitivity analysis is carried out by
selecting a set of parameters and examining the effect of these parameter sets on the stability
of inferred tree topologies. The sensitivity analysis examines the influence of parameter sets
on taxonomic groupings recovered in the analysis. The results are graphically represented
using so called “analysis space plots”* or “sensitivity plots”*. In this way, a sensitivity
analysis can discern between robust clades (those that appear under most or all parameter set
combinations) and unstable ones (those that appear only under one or few parameter sets).

The supertree dataset was analyzed under 16 different sets of values for the analysis
parameters. These 16 analyses consisted of combinations of four weighting schemes and four
rooting options. Successive downweighting of data partitions and rooting by different
outgroups leads to weakening the influence of respective data partitions on overall topology
of the supertree. This allows to assess the support for various phylogenetic groupings across
various types of data and to identify the causes of topological conflicts. The weighting
schemes and rooting options were as follows:

Either (1) all data partitions were weighted equally, or (2) genetic and linguistic trees (5,066
phylogenetically informative characters) were upweighted by a factor of 1,000 relative to
admixture plots; or (3) genetic trees (4,428 phylogenetically informative characters) were
upweighted relative to linguistic trees and admixture plots; or (4) genomic trees data (1,704
phylogenetically informative characters) were upweighted relative to all the remaining data
partitions; and either (A) all rooted source trees and admixture plots were treated as rooted (by
inserting a hypothetical ,,all-0* outgroup), or (B) only the trees were treated as rooted, or (C)
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only the genetic trees were treated as rooted, or (D) only source trees that featured real great
ape and/or archaic hominin outgroups (Gorilla gorilla, Pan paniscus, P. troglodytes,
Denisova hominin, Homo neanderthalensis) (a total of 28 source trees) were treated as rooted
in this analysis.

When performing sensitivity analysis of HGDP dataset, the data partitions were both
successively downweighted and successively deactivated to test whether the weighting
scheme used for sensitivity analysis of the representative dataset (1:1,000) is sufficient for
minimizing the effect of downweighted data partitions on the resulting supertree topologies.

Wildcard taxa identification. Taxa that possess a limited amount of informative characters
can act as “wildcard” taxa*’. Wildcard taxa can adopt multiple positions in optimal topologies,
which lead to poorly resolved consensus trees with large polytomies that hamper the
interpretation of the phylogenetic results.

Each set of MPTs recovered in the sensitivity analysis of the full dataset was analyzed using
the IterPCR script*®, implemented in TNT, to improve the resolution of the consensus tree by
identifying wildcard taxa. Altogether, 24 wildcard taxa were identified (Supplementary Table
S5). Alternative positions of the identified wildcard taxa were investigated using reduced
strict consensus (nelsen//) in TNT that displays all alternative positions of the pruned taxa
within a single consensus tree: (1) by comparing alternative positions of wildcards in each set
of MPTs recovered under each parameter set (i.e., in a total of 16,000 trees); and (2) by
comparing positions of wildcards across supertrees based on 16 parameter sets (i.e., in 16
consensus trees).

Four wildcards causing the greatest loss of supertree resolution were excluded from the
dataset. The pruned version of the representative dataset (182 OTUs and 5,676-5,949
phylogenetically informative characters, depending on outgroup selection) was used for
subsequent analyses. In the resulting supertrees based on sensitivity analysis (Fig. 1), the
excluded wildcards were displayed in the basalmost position of all the positions they acquire
when included in the dataset, but they were not taken into account when assessing node
support and group support.

Linguistic classification. In order to measure congruence between the supertree and
linguistic classification and to infer relationships of the language families and
“macrofamilies”, two datasets based on formal linguistic classifications were created to be
optimized on the supertree and to serve as a “linguistic scaffold” (compare to “morphological
scaffold” sensu Springer*"). The inclusion of linguistic classification was necessary for
inferring a well-resolved tree which shows the relationships of language families, considering
the taxonomic coverage of published language phylogenetic trees is very limited, with most of
them covering Indo-European, Austronesian, or Bantu language families.

The first classification-based dataset included 37 parsimoniously informative characters
derived from Ethnologue® on the level of language families. The controversial higher-level
groups within Ethnologue (i.e., Khoisan, Afro-Asiatic, Altaic, and Australian) were not used
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for constraining the supertree topology. The second dataset included an additional 26
parsimoniously informative characters based on linguistic classification by Ruhlen! and
Greenberg & Ruhlen? on the highest levels of language macrofamilies and linguistic stocks.
Highly controversial linguistic macrofamilies (e.g., “Eurasiatic”/“Nostratic”, *“Dene-
Caucasian”) were not included in this dataset (Supplementary Table S6). Consequently,
several populations were unclassified in both these datasets, scored entirely using “?” (these
included Adygei, Basque, Burusho and Ket classified as “Dene-Caucasian®, Ainu and Nivkh
classified as “Eurasiatic* by Ruhlen®). Both datasets were fully congruent (i.e., there was no
hard conflict between them).

Hunter-gatherer populations speaking languages of neighboring agriculturalists, as a result of
relatively recent language shifts, were scored as “unknown” (*?”) in the linguistic
classification dataset in order to avoid inserting unnecessary dramatic conflicts between
genetic and linguistic information. They included C African Pygmies who speak Nigero-
Kordofanian or Nilo-Saharan languages®, Jehai and Kensiu (the “Negrito” populations of
Malaysia) who speak Austro-Asiatic languages*®*’, and Agta, Aeta and Mamanwa (the
“Negritos” of Philippines) speaking Malayo-Polynesian Austronesian languages*. Similarly,
Ashkenazi Jews, who traditionally speak Germanic Indo-European language (Yiddish), were
also scored using “?” as to avoid conflict between grouping them within the C-E European
and Middle East peoples. Alternatively, the above mentioned hunter-gatherer populations
were scored according to their present-day language affiliation, and Ashkenazi Jews were
classified as Indo-Europeans.

In order to compare genetic and linguistic information, the purely genetic supertree was
inferred by analyzing data partitions based exclusively on genetic/genomic source trees and
genomic admixture plots. The language-constrained supertrees were inferred by analyzing all
data partitions (including language-based trees and admixture plots) together with Ethnologue
and Greenberg-Ruhlen datasets, based on linguistic classification. The linguistic data
partitions and the linguistic classification datasets were upweighted by a factor of 1,000
relative to the remaining data partitions. All language-constrained supertrees were inferred
under parameter set 1.A of the sensitivity analysis (see above).

Measuring incongruence between supertrees. The resulting supertree topologies were
compared using subtree prune and regraft (SPR) distance measure (sprdiff), using the
following algorithm:

sprdiff: noviol; sprdiff 0 1 1000x100;

Topology of the supertree constrained by Greenberg—Ruhlen classification was compared
with a purely genetic supertree using a “tanglegram™® computed in Dendroscope ver.
3.2.10%°. Language-constrained supertrees, based on the two versions of the Greenberg—
Ruhlen dataset (Supplementary Fig. S23), were reconciled, using galled networks® computed
in Dendroscope to visualize language shifts of selected populations within a single tree.
Purely genetic and language-constrained supertrees were additionally compared using an
“anticonsensus” measure (tcomp) in TNT showing compatible and contradictory groups
present in one tree but not in another, and vice versa (Supplementary Fig. S24).
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In order to assess the support for proposed linguistic groupings (language macrofamilies,
linguistic stocks, and language families), consistency index (CI) and retention index (RI)
values were calculated in Mesquite ver. 3.02°% for each character in the linguistic
classification datasets optimized onto the purely genetic and combined supertree topologies
based on parameter set 1.A of the sensitivity analysis. The resulting CI values were compared
to the minimum possible CI values (for a binary character, Clyin = 1/N, where N taxa were
scored positively for presence of a character), which made the values directly comparable for
language families represented by different numbers of taxa.
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Methods

Supertree dataset manipulations

Some sample populations are underrepresented or absent from the supertree dataset. Many hunter-
gatherer populations live in areas that are difficult to access and some of them, e.g., Vedda, Botocudo,
and Yahgan, are nowadays extinct or near-extinct. Taxa possessing insufficient amount of character
information can act as so called ‘wildcard’ taxa sensu (Nixon and Wheeler 1993). These taxa adopt
multiple positions in optimal topologies leading to poorly resolved consensus trees with large
polytomies that hamper the interpretation and further utilization of the phylogenetic results. Population
absent from the supertree dataset were replaced by more inclusive (i.e., higher level) taxon or by
genetically closely related taxon (population) present in the dataset that was used as a proxy for the
population in question (ESM Table A2). Positions of four North American populations — Kaska, Eyak,
Twana, and Yurok — were based solely on linguistic classification (ESM Table A2). Six populations
not present in the source trees for which sufficient linguistic classification was not available — Ingalik,
Micmac, E. Pomo, Yokuts (Lake), Klamath, and Kutenai — were excluded from the dataset. The
analysis of most parsimonious trees (MPTs) using the IterPCR script (Pol and Escapa 2009)
implemented in TNT (Goloboff et al. 2008) identified these populations as wildcard taxa, supporting
their exclusion.

Some hunter-gatherer populations act as wildcard taxa because of conflicting information
implied by the source trees. This conflict is often caused by recent genetic admixture with (often
distantly related) immigrant populations. For example Aleut of southwestern Alaska who have
undergone a pervasive admixture with Russian colonizers and Scandinavian and English fishermen
since the Russian contact in 1741. As a consequence, underlying patterns of genetic structure of the
Aleut population are obscured (Rubicz et al. 2010a, b). Genetic admixture between hunter-gatherers
and agriculturalists is often sex-biased as documented for Central African Pygmies and Bantu
immigrants (Batini et al. 2011; Quintana-Murci et al. 2008; Verdu et al. 2009), causing conflicts
between source trees based on maternally, paternally, and biparentally inherited genetic markers.
Contacts between hunter-gatherers and agriculturalists are often followed by some degree of cultural
assimilation that can include language shifts (Bahuchet 2012).

In order to overcome the problem of the lack of data and the conflicting signals caused by
recent genetic admixture and language shifts in some hunter-gatherer populations in the study sample,
the characters based on linguistic classifications were up-weighted by a factor of 100 to serve as a
topological constraint or ‘scaffold’. This ‘linguistic scaffold’ (compare to ‘molecular scaffold’ sensu
Springer et al. (2001)) constrains the topology for a subset of populations for which linguistic
affiliation can be determined (i.e., those scored for characters). Language isolates according to
Ethnologue classification (Lewis et al. 2013) were scored entirely using ‘?’. Languages of American
hunter-gatherers classified were classified as Amerindian (Ruhlen 1991) merely to ensure their
presence within the American clade.

Hunter-gatherer populations speaking languages of agriculturalists as a result of relatively
recent language shift were scored entirely using ‘?” in the scaffold tree. This allowed these populations
to adopt a position on the MRP supertree based on contributing source trees alone. These populations
include Mbuti and Aka Pygmies who speak Niger- Kordofanian and Nilo-Saharan languages
(Bahuchet 2012), Vedda of Sri Lanka who speak Indo-European language (Dharmadasa 1974),
Semang, the Negritos of Malaysia who speak Austro-Asiatic (Aslian) language (Burenhult et al. 2011;
Dunn et al. 2013), and Agta, the Negritos of Philippines who speak Malayo-Polynesian (Austronesian)
language (Reid 2013).

The linguistic scaffold tree included 20 phylogenetically informative characters for the 33
populations in the study sample. Note that this linguistic scaffold implied relatively few internal
groupings (clades based on linguistic classification), particularly among the Old World hunter-
gatherers (ESM Fig. Al).
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Table Ala. Sample of hunter-gatherer societies: matrix of religiosity characters

SCCS/  Society Name References  Animism Afterlife Shamanism Ancestor High Active  Active
EA Worship Gods Ancestor High
Number Worship Gods
2 'Kung 1-7 1 1 1 0 1 0 1
— G/wi 8,9 1 1 1 0 1 1
9 Hadza 1,10 1 0 0 0 0 0 0
301 Sandawe 11 1 1 0 1 0 0 0
13 Mbuti 1-3, 12,13 1 0 0 0 0 0 0
— Aka 14, 15 1 0 0 0 0 0 0
77 Semang 1-4,16, 17 1 1 1 0 1 0 1
79 Andamanese 1,4, 18 1 1 1 0 0 0 0
80 Vedda 1,4,19,20 1 1 1 1 0 1 0
86 Badjau Tawi 21,22 1 1 1 0 0 0 0
— Agta 23,24 1 0 1 0 1 0 0
90 Tiwi 1,25-27 1 1 0 1 1 0 0
91 Aranda 1,4,28-30 1 1 1 1 0 0 0
1177 Walbiri 31 1 1 1 1 0 0 0
118 Ainu 1,32-35 1 1 1 1 0 1 0
119 Gilyak 1, 36,37 1 1 1 1 1 1 0
120 Yukaghir 38 1 1 1 1 1 1 0
123 Aleut 1,39-41 1 1 1 1 1 1 0
124 Copper Eskimo 1, 28,4246 1 1 1 1 0 1 0
125 Montagnais 1-3,47-49 1 1 1 0 0 0 0
127 Salteaux 1,4,50,51 1 1 1 1 0 0 0
128 Slave 1,52 1 0 1 0 1 0 0
129 Kaska 1-3, 53, 54 1 1 1 0 0 0 0
130 Eyak 1,55 1 1 1 0 0 0 0
131 Haida 1,56-61 1 1 1 0 0 0 0
132 Bellacoola 1,62, 63 1 1 1 1 1 0 0
133 Twana 1-3, 64, 65 1 1 1 0 0 0 0
134 Yurok 1,28,64,66 1 1 1 0 0 0 0
162 Warrau 1,67, 68 1 1 1 1 1 1 1
173 Siriono 1-3, 69 1 0 0 0 1 0 0
178 Botocudo 4,70,71 1 0 0 0 0 0 0
180 Aweikoma 1,4, 72-74 1 1 1 1 0 1 0
186 Yahgan 1,28,75 1 1 1 1 1 0 1

Present = 1, absent =0
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Table A1b. References for 33 hunter-gatherer societies religiosity characters
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Table A2. Hunter-gatherer populations in the study sample, their taxonomic
nomenclature, representation across source trees, and proxies selected for hunter-
gatherer populations absent in source trees.

ISO Alternative Lewis et al. (2013)

Name* 639-3" name’ Classification classification?

IKung ktz Ju’hoan Khoisan Khoisan, Southern Africa

G/wi gwj |Gwi Khoisan Khoisan, Southern Africa

Hadza hts Hatsa Khoisan Khoisan, Hatsa

Sandawe sad Sandawe Khoisan Khoisan, Sandawe

Mbuti efe Efe ? (Niger-Kordofanian) 7 (Nilo-Saharan)

Aka axk Yaka ? (Nilo-Saharan) ? (Niger-Congo)

Semang jhi Jehai ? (Austric, Austro-Asiatic)| ? (Austro-Asiatic, Mon-
Khmer)

Agta agt Agta ? (Austric, Austronesian) | ?Austronesian, Malayo-
Polynesian

Andamanesel | abj Aka-Bea Indo-Pacific, Andaman Is. | ? (Andamanese)

Vedda2:T ved Veddah ? (Indo-Hittite) ? (Indo-European)

Badjau Tawi | bdl Bajau Austric, Austronesian Austronesian, Malayo-
Polynesian

Tiwi tiw Tiwi Australian Australian

Aranda3sT axl Aranda Australian, Pama- Australian, Pama-Nyungan

Nyungan
Walbiri wbp Warlpiri Australian, Pama- Australian, Pama-Nyungan
Nyungan

Ainu ain Ainu ? (Eurasiatic) ? (language isolate)

Gilyak niv Gilyak ? (Eurasiatic) ? (language isolate)

Yukaghir niv Yukaghir ? (Altaic) ? (language isolate)

Aleut ale Aleut Eskimo-Aleut Eskimo-Aleut

Copper ikt Inuinnaqgtun Eskimo-Aleut Eskimo-Aleut

Eskimo?

Montagnais moe Montagnais Amerind, Almosan Algic, Algonquian

Saulteaux® ojw Ojibwa, Western ~ Amerind, Almosan Algic, Algonquian

Slaved xls Slavey, South Na-Dene Eyak-Athabaskan,
Athabaskan

Kaska’>t kkz Kaska Na-Dene Eyak-Athabaskan,
Athabaskan

Eyak&T eya Eyak Na-Dene Eyak-Athabaskan

Haida® hdn Haida, Northern =~ Na-Dene ? (Haida)

Bellacoola blc Bella Coola Amerind, Almosan Salish

TwanalO,T twa Twana Amerind, Almosan Salish

Yurokl1,T yur Yurok Amerind, Almosan Algic

Warrau wba Warao Amerind, ? (Paezan) ? (language isolate)

Siriono srq Siriono Amerind, Equatorial Tupian

Botocudol2 | xok Xokleng Amerind, Macro-Ge Jean

Aweikomal3 | xok Xokleng Amerind, Macro-Ge Jean

Yahgan yag Yémana Amerind, ? (Andean) ? (language isolate)

1 Population not present in source trees.
a. SCCS/eHRAF, b. Ethnologue, c. Greenberg and Ruhlen 2007; Ruhlen 1991, 2007, d. Ethnologue
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More inclusive taxon Andamanese (oon, anq, gac) used as a proxy for Andamanese

Sinhalese (sin), a population speaking Sinhalese-Maldivian language related to Veddah (Lewis et
al. 2013) and identified as genetically closest relative of Vedda (ref.) used as proxy for Vedda.
Arrernte (aer), a closely related population speaking Arandic language (Lewis et al. 2013)
used as a proxy for Aranda.

More inclusive taxon Canadian Inuit (ikt, ike) used as a proxy for Copper Eskimo.

More inclusive taxon Ojibwa (ojc, 0jg, ojb, 0js) used as a proxy for Saulteaux.

More inclusive taxon Slave (den (scs, xsl)) used as a proxy for Slave.

Kaska position based solely on linguistic classification

Eyak position based solely on linguistic classification

More inclusive taxon Haida (hdn, hax) used as a proxy for Haida.

. Twana position based solely on linguistic classification.

. Yurok position based solely on linguistic classification.

. More inclusive taxon Kaingang (xok, zkp) used as a proxy for Botocudo.

. More inclusive taxon Kaingang (xok, zkp) used as a proxy for Aweikoma.
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Figure Al. Linguistic scaffold for supertree typology
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Figure A2. Supertree topology used in the study
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Table A3a. Divergence table of hunter-gatherer populations in the study sample

Node [Branching event Divergence Dates

1 South African Khoisan+Pygmies+East African Khoisan divergence An oldest divergence event in Africa

2 South African Khoisan+Pygmies/East African Khoisan divergence

3 Hadza/Sandawe

4 South African Khoisan/Pygmies

5 IKung/G/wi North/Central South African Khoisan divergence
6 Mbuti/Aka Eastern/Western Pygmies divergence

7 Vedda divergence Out of Africa expansion into East Asia via ‘Southern route’
8 Andamanese + Australian Aboriginals divergence Initial colonization of East Asia

9 Andamanese/Australian aboriginals Initial colonization of Sahul

10 Tiwi/Aranda + Walbiri Pama-Nyungan/non-Pama-Nyungan languages divergence
11 Aranda/Walbiri Pama-Nyungan languages dispersal

12 East Asians/Native Americans Colonization of East Asia via ‘Northern route’

13 South/North East Asians

14 Semang/Philippinese

15 Agta/Badjau Tawi

16 Ainu/Gilyak + Yukaghir

17 Gilyak/Yukaghir

18 Eskimo-Aleut + Na-Dene + Amerindian divergence Asian and Native American lineages divergence
19 Eskimo-Aleut/Na-Dene

20 Aleut/Copper Eskimo

21 Haida/Eyak-Athabaskan Na-Dene languages dispersal

22 Eyak/Athabaskan Eyak-Athabaskan languages dispersal

23 Kaska/Slave Athabaskan languages dispersal

24 Amerindian divergence Initial colonization of North America

25 Salish/Algic Almosan languages dispersal

26 Bellacoola/Twana Salishan languages dispersal

27 Yurok/Algonguian Algic languages dispersal

28 Montagnais/Saulteaux Algonquian languages dispersal

29 Yahgan divergence Initial colonization of the Southern tip of South America
30 Tupi/Macro-Ge Occupation of Lowland South America

31 Warrau/Siriono

32 Botocudo/Aweikoma Jean languages dispersal
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Time estimate (kya) - shallow divergence dates

Type of data

OCooNOOTULT B~ WNER

[ I T
A WNRO

15
16

17
18
19
20
21

22
23
24
25
26
27
28
29
30
31
32

90
60
23
51
2
18
65
55.2
50

3 (expansion of Pama-Nyungan languages)
?
?
30 (divergence of haplogroups in Austronesian speaking groups,
Malaysia)

4 (Austronesian entry into the Philippines)

12 (disappearance of last land bridges between Japan/continental
Asia)

?

20
8 (Na-Dene migration to America)

5

5 (appearance of coastal art, aesthetic styles associated with NW
Coast)

3 (proto-Athabascan origin in the subarctic region of North America)
2
11.5 (expansion of a Beringian source population)
?
2 (unbroken ancestor/descendant relationships in American SW)
4

3 (dispersal of the Algonquian family)

8 (disappearance of last land bridges of the Straits of Magellan)

6 (Macro-Ge dispersal)

3 (beginning of the Tupi-Guarani expansion)

1.8 (expansion of Southern Jé languages through Southern Brazil)

genetic (mtDNA, Y-chromosome, autosomal, genome-wide SNP)
genetic (mtDNA, genome-wide SNP data)

genetic (mtDNA; genome-wide SNP data)

genetic (mtDNA, genome-wide SNP data)

genetic (mtDNA)

genetic (mtDNA, autosomal data, genome-wide data)
genetic (mtDNA, autosomal data, genome-wide SNP data)
genetic (mtDNA)

archeological

genetic(mtDNA, genome-wide SNP data)

linguistic and archeological

genetic (mtDNA + genome-wide SNP data)

archeological and linguistic
archeological

genetic (mtDNA) and archeological
linguistic and archeological
linguistic and archeology
archeological

linguistic and archeological
linguistic
genetic, linguistic, archeological and paleoclimatology

genetic (mtDNA)
linguistic
linguistic
archeological
linguistic
archeological
archeological
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Node Reference

O 00N UL B WN

W W WNNNNMNMNNNNMNNNRRRPREPRPPL PP P PP
NP O WOLNOUDRNWNRPROWVOONOOOUDAWNIEPERO

Knight et al 2003; Zhivotovsky et al. 2004; Gonder et al. 2007; Behar et al. 2008; Veeramah et al. 2012; Shriner et al. 2014
Tishkoff et al. 2007; Schlebush et al. 2012

Tishkoff et al. 2007

Tishkoff et al. 2007; Schlebush et al. 2012; Shriner et al. 2014

Barbieri et al. 2014

Chen et al. 2000; Destro-Bisol et al. 2004; Batini et al. 2007; Quintana-Murci et al. 2008; Patin et al. 2009; Verdu et al. 2009; Tishkoff et al. 2009
Macaulay et al. 2005; Liu et al. 2006; Gronau et al. 2011; Rasmussen et al. 2011; Fu et al. 2013b

Kumar et al. 2009

Bowler et al. 2003; O’Connell and Allen 2004; Summerhayes et al. 2010

Redd and Stoneking 1999; Pugach et al. 2013

McConvell 1996; Evans and McConvell 1998

Jinam et al. 2012
Pawley 2002; Reid 2013
Hammer et al. 2006

Torroni et al. 1992; Saillard et al. 2000; Zlojutro et al. 2006; Goebel et al. 2008
Greenberg 1986

Greenberg 1986; Holman et al. 2011; Davis and Knecht 2010

Schurr et al. 2012

Schurr et al. 2012

Holman et al. 2011

Greenberg 1987; Kemp et al. 2007; Tamm et al. 2007; Achilli et al. 2013

Eshleman et al. 2004

Golla 2007

Golla 2007

Borrero and McEwan 1997; McCulloch et al. 1997
Urban 1992; Callegari-Jacques et al. 2011
Walker et al. 2012

de Souza 2011
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Node Time estimate (kya) Deeper divergence dates

O 00N O UV B WN B

W W WNNNNNNMNNNNNRRLRRPRERERPPRP P PP
N PR OWRNOODUDRWNROWOKLONOOUNDMWNIEPEPO

140
97.6

51 (the Click Speaker ancestral component divergence)

35.3

27

93.5

87 (the Melanesian ancestral component divergence)

60

50

6 (expansion of Pama-Nyungan languages)

53 (the Native American ancestral component divergence)

40 (occupation of East Asia by populations ancestral to present day East Asians)
?
36 (divergence times for Australian + Papuan aboriginals + Phillippine negritos)
19.4 (start of spread of Y-chromosomal lineage D associated with Jomon culture)
?
30 (beginning of the radiation of Amerindian-specific mtDNA lineages)
12.1 (Beringian sublineage of mtDNA haplogroup A coalescence)

6 (Aleut-specific A and D mtDNA sublineages coalescence)

8 (Na-Dene portion of the Haelll np 663 mtDNA lineage coalescence)

2

16.5 (first migration from Beringia to the Americas)
?

14.6 (earliest occupation of Mante Verde site, Chile)

11

4 (early occupation of the Orinoco river delta)

3 (separation of Southern Jé languages from the Northern and Central branches)
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Node Type of data

1 genetic (mtDNA; Y-chromosome, autosomal, genome-wide SNP data)
2 genetic (genome-wide SNP data)

3 genetic (mtDNA)

4 genetic (mtDNA, genome-wide SNP data)
5 genetic (mtDNA, genome-wide SNP data)
6 genetic (mtDNA)

7 genetic (genome-wide SNP data)

8 genetic (genome-wide SNP data)

9 genetic (mtDNA)

10 archeological

11 linguistic and archeological

12 genetic (genome-wide SNP data)

13 archeological and genetic (mtDNA)

14

15 genetic (genome-wide SNP data)

16 genetic (Y-chromosome)

17

18 genetic (mtDNA, Y-chromosome)and archeological
19 genetic (mMtDNA)

20 genetic (mtDNA) and archeological

21 genetic (mtDNA)

22 linguistic

23 linguistic

24 genetic (mtDNA, Y-chromosome) and archeological
25

26 linguistic

27 linguistic

28 linguistic

29 archeological

30 genetic and archeological

31 archeological

32 linguistic
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Node Reference

O 00N O UV & WN B

W W WNNNNNNNNNNRERERPRPREPR PP R PP
NP OWOWRNOODU DR WNRPROWVOKLONOOURNAWNIPRLO

Chen et al. 2000; Knight et al. 2003; Zhivotovsky et al. 2004; Behar et al. 2008; Gronau et al. 2011; Veeramah et al. 2012

Schlebush et al. 2012

Gonder et al. 2007

Tishkoff et al. 2007; Schlebush et al. 2012; Shriner et al. 2014
Gonder et al. 2007, Tishkoff et al. 2007; Behar et al. 2008; Schlebush et al. 2012
Batini et al. 2011

Shriner et al. 2014

Shriner et al. 2014

Macaulay et al. 2005; Hill et al. 2006

O’Connell and Allen 2004

McConvell 1996; Evans and McConvell 1998

Shriner et al. 2014

Fuetal. 2013a

Pugach et al. 2013
Hammer et al. 2006

Torroni et al. 1992; Saillard et al. 2000; Zlojutro et al. 2006; Goebel et al. 2008
Achilli et al. 2013

Rubicz et al. 2003; Zlojutro et al. 2006; Davis and Knecht 2010

Torroni et al. 1992

Holman et al. 2011

Holman et al. 2011

Goebel et al. 2008

Holman et al. 2011

Holman et al. 2011

Holman et al. 2011

Dillehay et al. 2008

Rothhammer and Dillehay 2009

Gasson 2002

Urban 1992; Callegari-Jacques et al. 2011
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Table A3b. References for divergence dates for hunter-gatherer populations in the study sample
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Table A4a. Ancestral reconstruction for three characters of hunter-gatherer religiosity in all nodes: Animism, Afterlife, Shamanism

Ancestral node Reconstruction method Time calibration Animism Belief in an Afterlife Shamanism
Parsimony ancestral states - 1 0.5 0
1 . shallow divergences 0.98935669* 0.50525806 0.55770544
Likelihood ancestral states .
deep divergences 0.98855061* 0.54626414 0.57603722
Parsimony ancestral states - 1 0.5 0
2 o shallow divergences 0.99978439* 0.49614074 0.34514788
Likelihood ancestral states .
deep divergences 0.9992759* 0.51593342 0.42783392
Parsimony ancestral states - 1 0.5 0
3 o shallow divergences 0.99995378* 0.49974141 0.06760492*
Likelihood ancestral states .
deep divergences 0.99995883* 0.50208167 0.05310023*
Parsimony ancestral states - 1 0.5 0
4 o shallow divergences 0.99992715* 0.49164308 0.35377935
Likelihood ancestral states .
deep divergences 0.99998478* 0.51717751 0.49593014
Parsimony ancestral states - 1 1 1
5 o shallow divergences 0.99999957* 0.99469716* 0.99922111*
Likelihood ancestral states .
deep divergences 0.99998875* 0.72794605 0.81660599
Parsimony ancestral states - 1 0 0
6 . shallow divergences 0.99997597* 0.250521 0.04693761*
Likelihood ancestral states .
deep divergences 0.9999904* 0.18028348 0.09180091*
Parsimony ancestral states - 1 1 1
7 . shallow divergences 0.99961897* 0.53856939 0.83548137
Likelihood ancestral states .
deep divergences 0.99985014* 0.70772543 0.87487299
Parsimony ancestral states - 1 1 1
8 . shallow divergences 0.9999881* 0.57241813 0.91262316*
Likelihood ancestral states .
deep divergences 0.99998102* 0.74213059 0.90140422*

Asterisk (*) indicates significant result p < 0.05.
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Ancestral

node Reconstruction Method Time Calibration Animism Belief in an Afterlife Shamanism
Parsimony ancestral states - 1 1 1
9 . shallow divergences 0.99996997* 0.56556156 0.90538627*
Likelihood ancestral states .
deep divergences 0.99998954* 0.78460594 0.87452778
Parsimony ancestral states - 1 1 1
10 . shallow divergences 0.99999949* 0.99165112* 0.84383663
Likelihood ancestral states .
deep divergences 0.9999868* 0.8038125 0.83073051
Parsimony ancestral states - 1 1 1
11 o shallow divergences 0.99999997* 0.99769778* 0.98743635*
Likelihood ancestral states .
deep divergences 0.99999915* 0.99340609* 0.99847948*
Parsimony ancestral states - 1 1 1
12 o shallow divergences 0.99999893* 0.73089051 0.99469604*
Likelihood ancestral states .
deep divergences 0.99999445* 0.89199822* 0.98944864*
Parsimony ancestral states - 1 1 1
13 . shallow divergences 0.99999965* 0.73103535 0.99593307*
Likelihood ancestral states ]
deep divergences 0.99999992* 0.9155599* 0.99909357*
Parsimony ancestral states - 1 1 1
14 o shallow divergences 0.99999485* 0.7047243 0.99353478*
Likelihood ancestral states .
deep divergences 0.99999994* 0.91351938* 0.99911158*
Parsimony ancestral states - 1 1 1
15 . shallow divergences 0.9999991* 0.53063856 0.99931817*
Likelihood ancestral states .
deep divergences 0.99999752* 0.87068323 0.99765799*
Parsimony ancestral states - 1 1 1
16 o shallow divergences 0.9999967* 0.91450125* 0.9973549*
Likelihood ancestral states .
deep divergences 0.99999794* 0.97538817* 0.99837651*

ESM-22




Ancestral

node Reconstruction Method Time Calibration Animism Belief in an Afterlife Shamanism
Parsimony ancestral states - 1 1 1
17 o shallow divergences 0.99999951* 0.97574001* 0.99948763*
Likelihood ancestral states )
deep divergences 0.9999995* 0.99381645* 0.99954537*
Parsimony ancestral states - 1 1 1
18 o shallow divergences 0.99999677* 0.87608822 0.9969949*
Likelihood ancestral states .
deep divergences 0.99999701* 0.9633506* 0.99689702*
Parsimony ancestral states - 1 1 1
19 o shallow divergences 0.99999976* 0.98712943* 0.99977702*
Likelihood ancestral states )
deep divergences 0.99999976* 0.99699529* 0.99977844*
Parsimony ancestral states - 1 1 1
20 . shallow divergences 0.99999984* 0.99353513* 0.99986176*
Likelihood ancestral states .
deep divergences 0.99999988* 0.99899329* 0.99990679*
Parsimony ancestral states - 1 1 1
21 . shallow divergences 0.99999993* 0.99353513* 0.99994319*
Likelihood ancestral states )
deep divergences 0.99999993* 0.99852242* 0.99993989*
Parsimony ancestral states - 1 1 1
22 o shallow divergences 0.99999999* 0.98827912* 0.99998903*
Likelihood ancestral states .
deep divergences 0.99999998* 0.99557049* 0.9999853*
Parsimony ancestral states - 1 1 1
23 o shallow divergences 0.99999999* 0.95388015* 0.99999317*
Likelihood ancestral states )
deep divergences 1* 0.96353441* 0.99999643*
Parsimony ancestral states - 1 1 1
24 . shallow divergences 0.99999953 * 0.94280473* 0.99861319*
Likelihood ancestral states .
deep divergences 0.99999985* 0.98661895* 0.99885499*
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Ancestral

node Reconstruction Method Time Calibration Animism Belief in an Afterlife Shamanism
Parsimony ancestral states - 1 1 1
25 o shallow divergences 0.99999998* 0.99907201* 0.9999851*
Likelihood ancestral states .
deep divergences 0.99999999* 0.99989791* 0.99999276*
Parsimony ancestral states - 1 1 1
26 o shallow divergences 0.99999998* 0.99948244* 0.99998451*
Likelihood ancestral states )
deep divergences 0.99999998* 0.99987743* 0.99998721*
Parsimony ancestral states - 1 1 1
27 o shallow divergences 1* 0.99959627* 0.9999955*
Likelihood ancestral states .
deep divergences 1* 0.99994808* 0.99999633*
Parsimony ancestral states - 1 1 1
28 o shallow divergences 0.99999998* 0.99946611* 0.99998532*
Likelihood ancestral states )
deep divergences 0.99999999* 0.99991261%* 0.99999068*
Parsimony ancestral states - 1 1 1
29 . shallow divergences 0.99999987* 0.92760674* 0.99526214*
Likelihood ancestral states .
deep divergences 0.99999994* 0.98201006* 0.99753155*
Parsimony ancestral states - 1 1 1
30 o shallow divergences 0.99999994* 0.86947973 0.97269425*
Likelihood ancestral states .
deep divergences 0.99999989* 0.93207902* 0.97216753*
Parsimony ancestral states - 1 1 1
31 - shallow divergences 0.99999994* 0.79676298 0.94075587*
Likelihood ancestral states .
deep divergences 0.99999994* 0.84931385 0.9264907*
Parsimony ancestral states - 1 1 1
32 . shallow divergences 0.99999997* 0.77185503 0.92859314*
Likelihood ancestral states .
deep divergences 0.99999996* 0.83886236 0.92033659*
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Table A4b. Ancestral reconstruction for four characters of hunter-gatherer religiosity in all nodes: Ancestor Worship, High Gods,
Active High Gods and Ancestor Worship

Ancestral Reconstruction Ancestor Active Active
node Method Time calibration Worship High Gods High Gods Ancestor Worship
Parsimony - 0 0 0 0
1 Likelihood shallow divergences 0.5 0.5 0.04649112* 0.43429948
Ancestral states deep divergences 0.5 0.5 0.07916184* 0.10739427*
Parsimony - 0 0 0 0
2 Likelihood shallow divergences 0.49999984 0.5 0.06306996* 0.3534881
ancestral states deep divergences 0.5 0.49999999 0.12071412 0.06484999*
Parsimony - 0 0 0 0
3 Likelihood shallow divergences 0.5 0.49967258 0.01172006* 0.18041384
ancestral states deep divergences 0.5 0.49676052 0.01412709* 0.01828653*
Parsimony - 0 0 0 0
4 Likelihood shallow divergences 0.49999815 0.5 0.09924286* 0.33153467
ancestral states deep divergences 0.5 0.5 0.29764904 0.01194196*
Parsimony - 0 1 1 0
5 Likelihood shallow divergences 0.06488181* 0.89889098* 0.99946059* 0.00201257*
ancestral states deep divergences 0.5 0.50133933 0.80457262 0.00837643*
Parsimony - 0 0 0 0
6 Likelihood shallow divergence 0.49221734 0.49812636 0.00958869* 0.12433432
ancestral states deep divergences 0.49999989 0.4936424 0.03991104* 0.00594483*
Parsimony - 0.5 0 0 0
7 Likelihood shallow divergences 0.50000002 0.5 0.0147429* 0.40874244
Ancestral states deep divergences 0.5 0.49999995 0.01351448* 0.08523942*
Parsimony - 0.5 0 0 0
8 Likelihood shallow divergences 0.50000011 0.49999999 0.00509984* 0.34535215
ancestral states deep divergences 0.5 0.49999988 0.00723788* 0.05094172*
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Ancestral Reconstruction Time Ancestor Active Active
node Method Calibration Worship High Gods High Gods Ancestor Worship
Parsimony - 0.5 0 0 0
9 Likelihood shallow divergences 0.50000086 0.49999997 0.00751864* 0.33788734
ancestral states deep divergences 0.5 0.49998812 0.00506884* 0.01994129*
Parsimony - 0.5 0 0 0
10 Likelihood shallow divergences 0.86638714 0.4003842 0.00008568* 0.002961*
ancestral states deep divergences 0.5 0.49996439 0.00511664* 0.01621562*
Parsimony - 0.5 0 0 0
11 Likelihood shallow divergences 0.91601139* 0.23857514 0.00000794* 0.00056653*
ancestral states deep divergences 0.52822414 0.20606209 0.00020569* 0.00045198*
Parsimony - 0.5 0 0 0
12 Likelihood shallow divergences 0.4999709 0.49999631 0.00269126* 0.2670984
ancestral states deep divergences 0.5 0.4999766 0.0022686* 0.01833662*
Parsimony - 0.5 0.5 0 0
13 Likelihood shallow divergences 0.49998523 0.50000421 0.00385904* 0.27570418
ancestral states deep divergences 0.5 0.50053666 0.00237663* 0.02320494*
Parsimony - 0 0.5 0 0
14 Likelihood shallow divergences 0.49965116 0.50001396 0.02166731%* 0.24326767
ancestral states deep divergences 0.5 0.50053968 0.00285221* 0.02030816*
Parsimony - 0 0.5 0 0
15 Likelihood shallow divergences 0.19529316 0.5 0.00023072* 0.00718567*
ancestral states deep divergences 0.5 0.50027495 0.00235248* 0.01497359*
Parsimony - 1 0.5 0 1
16 Likelihood shallow divergences 0.55725585 0.50737492 0.00062315* 0.93293674*
ancestral states deep divergences 0.50001471 0.51254573 0.00058618* 0.94440009*
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Ancestral Reconstruction Time Ancestor Active Active
node Method Calibration Worship High Gods High Gods Ancestor Worship

Parsimony - 1 1 0 1
17 Likelihood shallow divergences 0.69400272 0.62055337 0.00009844* 0.98948634*
ancestral states deep divergences 0.50313132 0.65638219 0.00013518* 0.99662563*

Parsimony - 0.5 0 0 0
18 Likelihood shallow divergences 0.49826689 0.49850052 0.00103311* 0.15734521
ancestral states deep divergences 0.49999998 0.49472749 0.00124285* 0.01505229

Parsimony - 0.5 0 0 0
19 Likelihood shallow divergences 0.45586828 0.44045262 0.00004553* 0.28690215
ancestral states deep divergences 0.49932472 0.40121434 0.00006578* 0.0820227*

Parsimony - 1 0 0 1
20 Likelihood shallow divergences 0.68882479 0.47909209 0.00002802* 0.88555905*
ancestral states deep divergences 0.52818629 0.46849228 0.00002801* 0.96743862*

Parsimony - 0 0 0 0
21 Likelihood shallow divergences 0.19239451 0.33042693 0.00001137* 0.02137913*
ancestral states deep divergences 0.48374344 0.28716776 0.00001737* 0.00370175*

Parsimony - 0 0 0 0
22 Likelihood shallow divergences 0.05982445 0.2874466 0.00000222* 0.00085507*
ancestral states deep divergences 0.38447096 0.23094688 0.00000443* 0.00006444*

Parsimony - 0.5 0 0 0
23 Likelihood shallow divergences 0.02906697 0.35004854 0.00000142* 0.0001209*
ancestral states deep divergences 0.21364036 0.32182248 0.00000109* 0.00000285*

Parsimony - 0.5 0 0 0
24 Likelihood shallow divergences 0.49982502 0.48841483 0.0027186* 0.03498002*
ancestral states deep divergences 0.5 0.47689201 0.00319949* 0.00165965*
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Ancestral Reconstruction Time Ancestor Active High Active
node Method Calibration Worship High Gods Gods Ancestor Worship
Parsimony - 0.5 0 0 0
25 Likelihood shallow divergences 0.35041263 0.23064584 0.0000053* 0.00025072*
ancestral states deep divergences 0.48629034 0.15911451 0.0000039* 0.00000516*
Parsimony - 0.5 0 0 0
26 Likelihood shallow divergences 0.42170835 0.38340443 0.00000333* 0.00012641*
ancestral states deep divergences 0.49640135 0.27635687 0.00000399* 0.00000806*
Parsimony - 0.5 0 0 0
27 Likelihood shallow divergences 0.3326565 0.19004611 0.00000095* 0.00007796*
ancestral states deep divergences 0.48098824 0.12137504 0.0000012* 0.0000023*
Parsimony - 0.5 0 0 0
28 Likelihood shallow divergences 0.37222357 0.13970302 0.00000312* 0.00012309*
ancestral states deep divergences 0.49485905 0.05293082 0.00000288* 0.00000587*
Parsimony - 0.5 0.5 0 0
29 Likelihood ancestral shallow divergences 0.54906057 0.53114357 0.02124681* 0.03821882*
states deep divergences 0.50007616 0.50257617 0.01054609* 0.00253994*
Parsimony ancestral )
states 0.5 0.5 0 0
30 Likelihood ancestral shallow divergences 0.52860332 0.5263287 0.01481972* 0.0788802*
states deep divergences 0.50000896 0.50746724 0.00797786* 0.02437226*
Parsimony ancestral )
states 0.5 1 0 0
31 Likelihood ancestral shallow divergences 0.51273333 0.79383241 0.03472997* 0.13325871
states deep divergences 0.50000014 0.87539264 0.04073876* 0.06411901*
Parsimony ancestral
states i 0.5 0 0 0
32 Likelihood ancestral shallow divergences 0.50921197 0.09371939* 0.00008399* 0.15299041
states deep divergences 0.50000008 0.07598965* 0.00005246* 0.06951924*
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Table A5. Pagel's test for correlated discrete character evolution

Character X Character Y Independent model Dependent model
gl2(alphal) 0.017922678171600308 2.955006068003479E-7
gl3(alpha2) 3.5141401263485466 3.876039800319336E-6
g21(betal) 7.547566959924306E-4 4.876833291438565
g31(beta2) 1.0812738648986855 0.001330532761444173
q24 - 6.963364043052747

. o ) q34 - 11.770106926545987
Animism Belief in an Afterlife q42 i 1.916250063082763E-5
g43 - 2.753450428794025
log Likelihood (L) -20.611133199198772 -18.5037576532465
log Likelihood difference (LD) 2.107375545952273
p-value 0.041000000000000036*
ql2(alphal) 0.017922679679795207 1.0453676822495886E-4
gl13(alpha2) 2.611746557985332 5.466212448651201E-7
g21(betal) 7.547530435731249E-4 3.2146092549083307
g31(beta2) 0.8036310168494801 9.801534639612092E-4
q24 - 2.986507679741015
Anirmism Shamanism q34 - 2.3082172206318075
q42 - 3.878578851844866E-5
q43 - 0.6022309534477134
log Likelihood (L) -20.61113662702108 -18.43901665082429
log Likelihood difference (LD) 2.1721199761967895
p-value 0.029000000000000026*
gl2(alphal) 0.01792268529659327 1.0615647497622018E-5
gl3(alpha2) 0.16814429612889825 5.003935597094861E-7
g21(betal) 7.547560491754113E-4 0.9826259441965896
g31(beta2) 0.2728853651313188 2.4115585431978422E-4
q24 - 0.9668616658801443
. . q34 - 0.4816886228320609
Animism High Gods q42 - 2.5009443596585324E-5
q43 - 0.7121275394333404
log Likelihood (L) -24.58771065166488 -23.506430016941867

log Likelihood difference (LD)
p-value

1.081280634723015
0.17900000000000005
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Character X Character Y Independent model Dependent model

gl2(alphal) 5.218879100103742 3.769966946383435E-5
gl3(alpha2) 9.1998518117755 0.6567008570002618
g21(betal) 1.6058090787256674 1.2789864728129487
g31(beta2) 2.8307237237801117 0.7640944397067033
q24 - 1.275241216945288

Belef in an Afterlife Shamanism 323 : é;?gg;ggii;gggﬁis
q43 - 4.1732939719157696E-7
log Likelihood (L) -35.71413666880457 -28.747538310792255
log Likelihood difference (LD) 6.966598358012316
p-value
gl2(alphal) 4.062588573214016 0.07729929525467856
gl3(alpha2) 0.1316880632191157 0.3423011923963714

Belef in an Afterlife

Ancestor Worship

g21(betal)
g31(beta2)
q24
q34
q42
q43

1.2500272153269685
0.15935550941025572

9.849092744435119
0.11805877538869874
1.859174871172054
0.13335933543247983
0.11193154654817793
9.717776444793614E-8

log Likelihood (L)

-40.48177159569678

-34.65735223063223

log Likelihood difference (LD)
p-value

5.82441936506455
0.0030000000000000027*

Belef in an Afterlife

High Gods

gl2(alphal)
gl3(alpha2)
g21(betal)
g31(beta2)
q24

q34

q42

q43

4.4941435818152
0.16814436626199697
1.3828132507988233
0.2728854530140183

1.5833328218838048
2.428529741694923
3.1337798343938976
0.6503667749932317
7.829647431342137E-6
0.11160233996231926
0.17082008637351465
3.035481021877122E-8

log Likelihood (L)

-39.69071419127651

-39.337955277123875

log Likelihood difference (LD)
p-value

0.3527589141526377

0.736
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Character X

Character Y

Independent model

Dependent model

gl2(alphal)
gl13(alpha2)

4.395323925248568
0.13168786236526236

41.625709147923466
0.13779603960001932

g21(betal) 1.3524075349737754 101.14497024117185
g31(beta2) 0.15935523841411559 2.919637565200422E-7
q24 - 0.5929928616459182
. . 34 - 0.08712683229206851
Shamanism Ancestor Worship 342 ) 0.1676741087519177
q43 - 7.131724941334274E-7
log Likelihood (L) -40.48177159146289 -36.602667272039206
log Likelihood difference (LD) 3.879104319423682
p-value 0.010000000000000009*
gl2(alphal) 4.254852997372292 0.21941655975829275
gl3(alpha2) 0.024119413532695626 1.7896916645488917E-5
g21(betal) 1.3091859333853737 3.6826969861781986
g31(beta2) 0.07192919182033762 0.03730735853886139
q24 - 11.81473513324769
Shamanism Active Ancestor Worship 313:21 : éZg;gggig;?gizgiE_G
q43 - 0.059289818102207396
log Likelihood (L) -34.73547880446629 -28.717411054843915
log Likelihood difference (LD) 6.018067749622375

p-value

0.0010000000000000009°*

Ancestor Worship

High Gods

gl2(alphal)

0.13168795974909628

0.12272137671597863

gl3(alpha2) 0.16814428896352349 0.34750012782276024
g21(betal) 0.1593553811356608 0.2770546994789072
g31(beta2) 0.2728853524995929 0.5496547163764938
q24 - 6.226891899527741E-6
q34 - 5.4257204773097305
q42 - 2.236504233470032E-5
q43 - 6.214980189961206
log Likelihood (L) -44.45834911234516 -43.560892189874494
log Likelihood difference (LD) 0.897456922470667

p-value

0.529
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Character X

Character Y

Independent model

Dependent model

Ancestor Worship

Active Ancestor Worship

gl2(alphal)
gl3(alpha2)
g21(betal)
g31(beta2)
q24

q34

q42

q43

0.13168794114432877
0.024119429548873753
0.15935535472867446
0.07192921083907078

0.04236040487972608
0.04301070470687921
7.93553170358179
0.12185613637053422
15.919166612679389
1.0147909229550855E-5
0.17943526424508463
4.3823101954721057E-7

log Likelihood (L)

-39.5031137244075

-30.182930342847683

log Likelihood difference (LD)
p-value

9.320183381559815

High Gods

Active High Gods

gl2(alphal)
gl3(alpha2)
g21(betal)
g31(beta2)
q24

q34

q42

q43

0.1681442651727595
0.018183457243443422
0.2728853051596625
0.09893275509479003

3.642066233186282E-7
0.25937024676865095
14.92329103446345
0.6885715270306392
3.919324295428966
0.06872501587988517
1.6855097188720912E-6
0.1061500550737619

log Likelihood (L)

-33.579043578951854

-27.93444889583701

log Likelihood difference (LD)
p-value

5.644594683114843
0.0010000000000000009*

Active High Gods

Active Ancestor Worship

gl2(alphal)
gl3(alpha2)
g21(betal)
g31(beta2)
q24

q34

q42

q43

0.018183458135025643
0.024119427628359044
0.09893274533510152
0.07192920929065762

0.03218896757368417
0.00624367320658855
0.07723439624163879
0.04597475587572726
7.7471500624074565
6.597699131357802E-7
54.09955636099969
0.11583308097744709

log Likelihood (L)

-28.623808191014163

-27.726982419315043

log Likelihood difference (LD)
p-value

0.8968257716991204
0.5860000000000001
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