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Phylogenetic inference based on language is a vital tool for tracing the dynamics of human population
expansions. The timescale of agriculture-based expansions around the world provides an informative
amount of linguistic change ideal for reconstructing phylogeographies. Here we investigate the expansion
of Arawak, one of the most widely dispersed language families in the Americas, scattered from the Antilles
to Argentina. It has been suggested that Northwest Amazonia is the Arawak homeland based on the large
number of diverse languages in the region. We generate language trees by coding cognates of basic voca-
bulary words for 60 Arawak languages and dialects to estimate the phylogenetic relationships among
Arawak societies, while simultaneously implementing a relaxed random walk model to infer phylogeo-
graphic history. Estimates of the Arawak homeland exclude Northwest Amazonia and are bi-modal, with
one potential homeland on the Atlantic seaboard and another more likely origin in Western Amazonia.
Bayesian phylogeography better supports a Western Amazonian origin, and consequent dispersal to the
Caribbean and across the lowlands. Importantly, the Arawak expansion carried with it not only language
but also a number of cultural traits that contrast Arawak societies with other lowland cultures.

Keywords: Amazonian languages and cultures; population expansions; phylogenetic trees;
ancient histories

1. INTRODUCTION

The dynamics of prehistoric agricultural expansions of
human populations around the world are interpretable
in light of contemporary ethnolinguistic and geographic
distributions [1]. Homelands are often inferred using
the heuristic approach of locating a linguistic outgroup
or delimiting the geographical region of highest linguistic
diversity [2,3], but a model-free approach gives limited
insight into the actual spatial dynamics of expanding
populations. In contrast, a Bayesian framework for infer-
ence of phylogeography offers the opportunity to fully
reconstruct likely ancestral histories while accounting for
phylogenetic uncertainty [4], and can also provide funda-
mental understanding of the evolutionary dynamics of
human culture [5].

Arawak is a geographically dispersed language family
scattered across lowland South America from Argentina
to the Bahamas and from the mouth of the Amazon
River to the foothills of the Andes (see map in electronic
supplementary material, figure S1). Arawak societies are
encountered in a diverse array of ecologies, including tro-
pical forests, Andean foothills, Caribbean coasts and
islands, dry forests of central Brazil, and the savannahs
of Colombia/Venezuela and Bolivia. Arawak forms an
outgroup to the other major lowland language families
Je, Carib and Tupi, according to genetic [6], linguistic
[7] (but see [8]) and cultural [9,10] evidence.

Phylogenetic trees based on language have proven to be
an important analytical tool for reconstructing human
population and cultural histories (e.g. Austronesia [11],
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Bantu [12], Indo-European [13], Semitic [14]). Although
contested (e.g. [15-17]), these studies fruitfully use a
Bayesian statistical approach on the systematic codings of
linguistic cognates [18]. Here we extend this method to
lowland South America by modelling the continuous
spatial dispersal of the Arawak expansion with a relaxed
random walk (RRW) model. The RRW model was recen-
tly developed for the spread of viral outbreaks and has
the advantage of accommodating branch-specific variation
in dispersal rates across time and space [19]. Our goal
is to test hypotheses concerning the homeland of the
Arawak expansion and pursue a deeper understanding of
Amazonian prehistory and contemporary ethnolinguistic
variation.

2. METHODS

We compiled Swadesh [20] lists of 100 common vocabulary
items and scored cognate sets across 60 Arawak languages
and dialects representing all the major branches of the
Arawak language family (see electronic supplementary
material, table S1). It was not deemed necessary to exclude
dialects given that phylogenetic analyses simply clump
dialects together. An advantage of the Swadesh list is that
it contains lexical terms (e.g. simple nouns, adjectives, num-
bers and pronouns) that are relatively resistant to borrowing
(although there are clearly exceptions, e.g. [21]) and demon-
strate low rates of change [16,22]. We relied heavily on
Payne’s [23] cognate reconstructions of shared lexical reten-
tions. The words in a cognate set are derived from a single
common ancestral form that was present in an ancestral
language. However, we acknowledge that it is not always
easy to distinguish loanwords from true cognates, and our
data probably include unidentified borrowed words that
may affect our results.

This journal is © 2011 The Royal Society
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Figure 1. Neighbor-Net analysis of Arawak basic vocabulary. Reticulations represent evidence of borrowing or exchange and are
visible within and among Northwest Amazonia, Central Brazil and Central Amazon clades. Clades are well formed into
geographical regions, but the order of divergence for early linguistic splits is difficult to uncover, given the ‘star-like’ formation

and the presence of basal reticulations.

We transformed coded cognates into binary codes for
each variant with sites representing whether any particular
cognate set is present (‘1’) or absent (‘0’) in that language
(see example of coding in electronic supplementary material,
table S2; sequence data in electronic supplementary
material, table S3; and word lists at http:/anthropology.
missouri.edu/people/walker.html). The words T’, ‘you’,
‘we’, ‘know’ and ‘sun’ were coded as having only a single
cognate across all Arawak languages, while at the other
extreme the word ‘moon’ has 15 cognate sets. The method
yields 694 sites of which 88 per cent are complete. Before
generating phylogenies, we first analysed the sequence data
in Neighbor-Net, a distance-based method for constructing
phylogenetic networks that does not assume a tree-like struc-
ture [24]. This exercise assured us that, while there is
evidence of borrowing or exchange within and among North-
west Amazonia, Central Brazil and Central Amazon clades,
that there is still much tree-like signal underlying the major
Arawak clades (figure 1). The Neighbor-Net analysis
suggests that clades are well formed into geographical regions
but that the order of divergence for early linguistic splits may
be difficult to uncover given Neighbor-Net’s ‘star-like’
appearance and the presence of basal reticulations.

We implemented a recent Bayesian estimation technique,
the RRW model [19], to infer evolutionary histories through
time and across space. A Bayesian implementation of a Brow-
nian diffusion model is fitted simultaneously with a binary
covarion model of language sequence evolution. This pro-
cedure accommodates a continuous Brownian diffusion
process along phylogenies. The geographical locations (lati-
tude and longitude) of extant or recently extant languages
are known (electronic supplementary material, table S1)
and represent the end result of the inferred diffusion process.

Proc. R. Soc. B (2011)

Both sequence and geographical data inform the phylogenies
in a joint inference (in the Arawak case, similar phylogenies
are generated with sequence data only). Under a spatial dif-
fusion process, the additional parameters to be estimated are
the unobserved locations of language ancestors at all times
along the phylogenies. Employing strict Brownian diffusion
to model non-directional spatial movement assumes that
the diffusion process remains homogeneous over the entire
phylogeny, such that the same rate of diffusion applies to
all branches at all times. The RRW approach builds on
uncorrelated relaxed clock models [25] that relax the rate
constancy assumption of strict molecular clocks [19]. More
specifically, RRW integrates a model in which a diffusion
rate scalar on each branch of the phylogeny is drawn indepen-
dently and identically from an underlying discretized rate
distribution [25]—in this case a lognormal distribution—by
assigning to each branch a rate scalar [19]. RRW models
avoid the restrictive assumption that the rate of spatial move-
ment is homogeneous over the entire phylogeny through
time, a significant improvement over standard Brownian diffu-
sion models. This allows movement processes to vary over
time and space (i.e. migration rate heterogeneity [4]).

A covarion binary model with gamma-distributed rate
variation, Yule speciation (a pure birth process), and a
strict clock was used in BEAST v. 1.6.1 [25] to generate phy-
logenies. An important advantage of BEAST for our
purposes is that no outgroup is required a priors; instead,
BEAST samples the root position along with the rest of the
nodes in the tree. We ran Markov chains for 2 x 107 gener-
ations, sampling trees every 10%? generations to remove
autocorrelation and disregarding the initial half to allow
ample burn-in time (based on diagnostics in TRACER) to gen-
erate 1000 trees. One advantage of the Bayesian method for


http://anthropology.missouri.e.du/people/walker.html
http://anthropology.missouri.e.du/people/walker.html
http://anthropology.missouri.e.du/people/walker.html
http://rspb.royalsocietypublishing.org/

Downloaded from rspb.royalsocietypublishing.org on July 26, 2011

2564 R. S. Walker & L. A. Ribeiro Arawak expansion

7 Marawan

AN

L—— Palikur
7 Kinikinau

I 0.96

1 Terena
Baure

ynog

[ B

1 r7— Trinitario
Ignaciano

Apurina

0.89 031

—
1 Inapari
\—| 0.67 T Piro

Manxineri

II— Caquinte

Asheninka
\—[E Matchiguenga

Nomatsiguenga
I Amuesha

eluoZeWY
[ESIEEYVY

Chamicuro

0.93

0.37

T Waraicu
Marawa

Taino
— o fica
1 Garifuna

|
by
1%
ueaqqLe))
wnoi)

1zeig
[enua)

ka
Sar
Yawalapiti
! T ‘Waura
Mehinaku

Anauya

0.44

0.29

0.88

0.23

[T An
1 Guinau
L KT

7 Bahuana

4{ 0.95

—— Manao
Arua

uozewry
[enu2)

Maipure
—— 080 [ Yavieno

[1 5 Cabiai
. Mawayana
092 Wapixana

Baniva
0.98 Warekena
T Pase
———— Yumana
Resigaro
Cabiyari

0.04

0.84 [ Kauixam
1 Yukuna

Mariate
Wainuma
Achagua
Piapoco
Mandawaka
Guarekena
Tariana
1 Kurripako

0.95 Baniwa
Karutana

1

BIUOZRWY 1SIMYMON

Figure 2. Maximum clade credibility tree from 1000 Bayesian Markov chain Monte Carlo trees. Nodes are labelled with
posterior probabilities representing the proportion of trees that support the formation of a particular clade. Clade labels

represent geographical regions. ‘NE’ represents Northeast.

inferring phylogeny is that trees are sampled in proportion to
their likelihood and phylogenetic certainty is represented by
the proportion of trees in which certain clades emerge (i.e.
posterior probabilities or clade credibilities). The continuous
RRW model generates a posterior probability distribution of
potential homeland locations that are overlaid on a map of
South America.

3. RESULTS

(a) Arawak phylogeny

The Arawak maximum clade credibility tree presented
here (figure 2; for phylogram see electronic supple-
mentary material, figure S2) is broadly consistent with
expert classifications by linguists [8,23,26—31], at least
near the tips. The main point of departure is that some
linguists have suggested a deep North—South split in
the Arawak language family [29] or other ancient
clades [30]. Instead, our results support, with a posterior
probability of 0.89, a deep divergence at the base separ-
ating the Marawan and Palikur which are located in the
Northeast near the Atlantic seaboard north of the
mouth of the Amazon River. The other deeper diver-
gences in our phylogeny have considerable uncertainty
in terms of their order of divergence (posterior probabil-
ities range from 0.29 to 0.44). Clades are fairly well
formed (i.e. posterior probabilities > 0.89) into the follow-
ing geographical regions in the order of divergence:
(1) Northeast, (ii)) South (Bolivia and southern Brazil),
(ii1) three clades in Western Amazonia (Purus River basin
and two clades in the Andean foothills), (iv) Circum-
Caribbean, (v) Central Brazil, (vi) two clades in Central
Amazon, and (vii) two clades in and around Northwest

Proc. R. Soc. B (2011)

Amazonia. These latter two geographic regions—Central
Amazon and Northwest Amazonia—cluster together
deep in the phylogeny with a posterior probability of 0.88.

Interestingly, the Marawa and Waraicu languages
located near the Amazon River form a deep clade with
Circum-Caribbean languages (posterior probability of
0.93). These languages do not show especially high conser-
vatism (figure 1 and electronic supplementary material,
figure S2). This suggests that this ancient clade may have
originated around the main branch of the Amazon River,
with a potential migration up the Rio Branco towards the
Guyanas and later the Caribbean, and not a migration orig-
inating from Northwest Amazonia. In fact, Northwest
Amazonia is the last clade to diverge according to our phy-
logeny, making it an unlikely candidate for the Arawak
homeland, despite its numerosity.

(b) Continuous phylogeographic dispersal

Figure 3 plots the homeland estimates based on the RRW
model overlaid onto a map of South America. While there
is considerable variation across the 1000 samples, the
Bayesian chains commonly visited two potential home-
lands in a bi-modal geographical distribution. One
potential homeland is the Atlantic seaboard around the
recent location of the Marawan and Palikur languages.
These languages represent the Northeast clade, the ear-
liest divergence in the phylogeny (figure 2). However,
Bayesian chains more frequently sampled a large area of
Western Amazonia, at about twice the frequency of
the potential Northeast homeland (figure 3). The centre
of this Western Amazonian scatter is approximately
the present-day location of the Apurina language in the
Purus region. The geographical regions within the
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Figure 3. RRW model estimates of the geographical homeland of the Arawak expansion (grey circles) overlaid on a map of
South America. Results are bi-modal with one potential homeland on the Atlantic seaboard and another more likely originate
somewhere in Western Amazonia. Northwest Amazonia (NW, or the ‘dog’s head’ of northwest Brazil) is not well supported as a
potential homeland. Lines show a likely diffusion scenario assuming a Western Amazonian homeland and the ordering of splits
from the phylogenetic analysis (although these have low posterior probabilities; figure 2). An early migration may have been to
the northeast (NE) down the Amazon River (line not shown). Subsequent diffusions are numbered in order. Central Amazon is

denoted CA.

95 per cent high probability density (HPD) of the home-
land include both Central Amazon and Western
Amazonia clades. The HPD excludes Northwest Amazo-
nia (i.e. the ‘dog’s head’ region of northwest Brazil) as a
purported Arawak homeland. Other regions excluded
from the HPD are South, Central Brazil and Circum-
Caribbean, all unlikely Arawak homelands.

(¢) Discrete phylogeographic dispersal

To better evaluate among potential homeland alternatives,
we also implemented a phylogeographic model of dispersal
as a discrete process among our seven geographical
regions. We used a gamma-distributed reversible-jump
hyperprior (RJHP) in BayesTRrarrs [18] to reconstruct a
discrete dispersal process onto the phylogenies. With
RJHP, Markov chains explore the model and parameter
space to automatically discover whether fewer transition
rates can adequately explain the data. The total number
of possible (reversible) transition rates among the seven
regions is 42. The most common transition rate (non-
zero in 93% of all samples) is from Central Amazon to
Northwest Amazonia, tentatively suggesting movement up
the Rio Negro from the main branch of the Amazon River.
However, all of the 42 transition rates commonly appear in
our model at least 76 per cent of the time. In other words,
we do not have the ability to correctly reconstruct a likely
sequence of discrete migrations owing to considerable
phylogenetic uncertainty in the middle of the Arawak
phylogeny after the divergence of the Northeast clade.

The discrete RJHP model does produce a pattern of
likely homelands. RJHP takes the root estimate of each
sample to indicate a likely homeland, just as ancestral bio-
logical or cultural traits are reconstructed when mapped
onto phylogenies. Western Amazonia emerged as the

Proc. R. Soc. B (2011)

most likely homeland with a mean posterior probability
of 44 per cent. Both Northeast and South had probabilities
of 16 per cent. Central Amazon received 12 per cent sup-
port, Caribbean and Central Brazil both 4 per cent, and
Northwest Amazonia was the least-supported potential
homeland with a posterior probability of only 3 per cent.

4. DISCUSSION

Phylogeographic reconstructions are essential for evaluat-
ing plausible scenarios for Arawak and other language
family expansions. Our results generally point to a Wes-
tern Amazonian homeland for the Arawak language
family. While our phylogeny indicates that the deepest
divergence in the Arawak tree is the Northeast clade,
this region was less frequently sampled by the continuous
phylogeographic dispersal model in comparison with the
Western Amazonian homeland. We find the Western
Amazonian homeland scenario to be more probable
because it is supported more by both the continuous
(RRW) and discrete (RJHP) phylogeographic dispersal
models. The continuous RRW also includes Central
Amazon as a potential homeland, but this region is not
well supported by the discrete RTHP model. Importantly,
despite the fact that Northwest Amazonia contains the
largest number of Arawak languages, this region was not
supported by the phylogeny nor either of the dispersal
models.

While there is considerable uncertainty in both the
location of the Arawak homeland and the exact orderings
of early linguistic splits, we propose the following scenario
as the most likely given our phylogeographic results.
A Western Amazonian homeland implies that an early
migration was probably down the Madeira or Purus
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River to the main Amazon River and then down to the
mouth near the present-day Palikur and Marawan in
the northeast. An overland migration or diffusion to the
South is likely to have occurred next, followed by a north-
ern riverine migration that ended up in and around the
Caribbean. Later migration or diffusion to Central
Brazil may have also been terrestrial, followed by riverine
colonization of Central Amazon and finally up the Rio
Negro to Northwest Amazonia (figure 3).

A Western Amazonian homeland for Arawak reopens the
question of manioc cultivation as a potential driver for
population expansion [32]. Manioc is derived from a
single wild South American progenitor found in transitional
forests in the ecotone between southern lowland Amazonian
rainforests, the Bolivian savannahs and the dry forests of
Central Brazil [33,34]. This region includes the southern
border of the homeland estimates for Western Amazonia
around the Brazilian—Bolivian border (figure 3 and elec-
tronic supplementary material, figure S1). This general
area harbours a number of other early horticultural domesti-
cates [35], as well as many prehistoric earthworks including
geoglyphs, canals, causeways and raised fields [36,37].

Perhaps the most significant aspect of the Arawak
expansion is that it carried with it not only language but
also a number of cultural traits that contrast many
Arawak-speaking peoples with most other lowland
societies. Ethnographers have identified a set of cultural
practices considered together as being distinctively
Arawak, albeit with considerable variation. These cultural
traits include socio-political alliances with ethnolinguisti-
cally distant peoples; strong emphasis on religion, class
and descent; and limited endo-warfare that contrasts
with cycles of vendetta and within-group warfare
common for many lowland Amazonians [9,10,38—40].
At one extreme were Arawak chiefdoms in the Circum-
Caribbean, the Taino and Lokono, with strict hierarchical
orderings, divine ancestry and chiefly elite lineages.
Social hierarchy was also strongly present in Northwest
Amazonia, Central Amazon, Central Brazil and the
South [9,10]. Arawak identity was apparently based in
many places on control of fertile floodplains and trade
routes along major rivers at the expense of their neigh-
bours [9]. Post-marital residence in Arawak societies
tends more towards virilocality (whereby females transfer)
in contrast to the common lowland pattern of uxorilocal-
ity (whereby males transfer). Paternity beliefs in Arawak
societies often involve only one father, or singular
paternity (although there are at least two exceptions),
whereas most other Amazonian societies have a
common belief in partible paternity where multiple men
are purported to be the co-genitors of one child [41].
The co-occurrence of virilocality and singular paternity
may be related to the common pattern of patrilineal des-
cent of Arawak leadership and social power.

Arawak cultural traits (in particular the elevated level of
social hierarchy), although present to some extent in some
non-Arawaks and absent in some Arawak societies, are
found in all the major clades of the Arawak linguistic tree,
with the possible exceptions of the Northeast and Western
Amazonia (both Purus and Andean foothills, although the
Amuesha were a hierarchical society), the two potential
homelands in our analysis. This suggests that, while elev-
ated social hierarchy may or may not have been present in
proto-Arawak, it probably developed before most of the

Proc. R. Soc. B (2011)

major Arawak dispersals. A parsimonious explanation of
this pattern may be one of vertical transmission stemming
from a common ancestral Arawak demographic pump that
spread ethnolinguistic traits across the lowlands in multiple
migration events. Santos-Granero [39] underscores the
importance of vertical transmission of Arawak culture but
combines it with horizontal exchange that led to the emer-
gence of some trans-ethnic groups. Zucchi [42] suggests
that the Arawak expansion stemmed from a combination
of vertical (migration as the result of demographic
growth) and horizontal (aggregation through regional alli-
ances and trade networks) transmission processes.
Regardless, whether the success of the Arawak expansion
resulted from a technological innovation (e.g. canoes),
manioc cultivation, the trade network system itself or
perhaps the hierarchical social system remains to be
seen. Explicit phylogeographic models are ideally suited
to help answer these questions as further research better
integrates data from archaeology, plants, genes, languages
and cultures.

Special thanks to Glaucia Vieira Candido, Michael Cysouw,
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anonymous reviewers, Michael Gurven, Marcus Hamilton
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this paper. Financial support was provided by the Max
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