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Fuller 2011

LAST GLACIAL PERIOD SEA LEVELS AND NATURAL REFUGIA OF WILD RICE

importance of rice agriculture as a motor for demographic
growth, population expansion and origins of sedentary vil-
lage life has been stressed by many archaeologists and
forms a key component in the farming/language dispersal
hypothesis (e.g. Higham 2003; Bellwood 1996, 1997,
2011; Blust 1996; Sagart 2003) This paper assesses our
current state of knowledge about the beginnings of rice
cultivation and the spread of rice inferred from archaeobo-
tanical evidence, its congruence with genetic inferences and
how this might have been linked to major cultural traditions
represented by language families.

The ecologies of rice’s wild relatives: two pathways
to cultivation

Rice can be inferred to have entered cultivation on two
pathways from wild ecology and human use. The wild
progenitors of Asian rice are well-known to include Oryza
rufipogon sensu stricto and Oryza nivara, which are native
to South and Southeast Asia, extending northwards into
Southern China. Modern distribution maps are potentially
misleading for a couple of important reasons: first and
foremost, there has been climatic change such that areas of

suitable tropical and subtropical climate with suitable wet-
land areas will have shifted dramatically over the past
20,000 years. Such environments would have necessarily
peaked in the earlier Holocene when summer insolation in
the northern hemisphere was significantly higher (it fell
gradually from about 7000 BP to present, Berger 1978)
and during the first half of the Holocene (until about 5,000
or 6,000 years ago) monsoon rainfall was much higher (e.g.
Burns 2011; see also, Fuller and Qin 2010). The post-
Pleistocene expansion of wild rice, from southern tropical
refugia of the glacial period northwards to eastern China and
the Yangtze basin (Fig. 1), would have entailed at least one
if not several population bottlenecks in O. rufipogon. An-
other reason modern maps are potentially misleading is that
the potential habitats for wild rice have been removed
through human action over the past few thousand years,
especially through the reclamation of wetlands for agricul-
ture. As a result many wild rice populations have presum-
ably been extirpated. Evidence for this comes from Chinese
texts from the Song dynasty (just over 1,000 years ago,
under essentially modern climatic conditions) which indi-
cate the former presence of wild rice populations in eastern
China in the Lower Yangtze and northwards to Shandong
(Ho 1977; You 1987).

Fig. 1 Map of Last Glacial (20,000 BP) refugial wild rice zones (P)
versus Early Holocene (9,000 BP) expansion (H) of wild rice in
comparison to recent populations indicated by crosses and circles (after

Fuller et al. 2010a). Early foci of archaeological evidence relating to
early cultivation are indicated.
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GENETIC DIVERSITY OF RICE

There has long been a case to be made for the separate
origins of domesticated indica and japonica rice subspecies,
from various modern genetic markers, from old-fashioned
crossing to re-sequenced genomes (e.g. Garris et al. 2005;
Londo et al. 2006; Kawakami et al. 2007; He et al. 2011).
Recent versions of this scenario highlight the necessity of
hybridization between a fully domesticated japonica and
semi-domesticated or wild proto-indica (Figs. 2 and 3),
whereby japonica became the donor of many domestication
syndrome genes in indica (Sang and Ge 2007; Sweeney and
McCouch 2007; Fuller et al. 2010a). It is worth noting that
there are still emerging complications in the story of early
domestication genes, since experiments by Ishikawa et al.
(2010) indicate that plants homozygous for the sh4 non-
shattering mutation still show wild-type shattering in the
context of mainly wild-type genetic background, i.e. there
are other interacting alleles yet to be identified. Because of
incomplete compatibility between japonica and indica rices,
first-generation hybrids would have had low fertility requiring
back-crossing to one or the other parent (Sato 1996); in the
context of India, this is likely to have been the widespread, and
climatically adapted, proto-indica. A model of this process is
provided by the development of Oryza glaberimma × Oryza
sativa hybrids in West Africa, which has been well described
ethnographically and genetically (Nuijten et al. 2009). There
does persist some debate on this issue, but even those who
favour a single origin (e.g. Vaughan et al. 2008; Molina et al.
2011a) allow for significant introgression with wild rices
elsewhere (in India and perhaps Southeast Asia).

The differing ecologies of the rufipogon perennial and
nivara annual ecotypes of the wild rice imply differing modes
of hunter-gatherer exploitation and the importance and inten-
sity of early cultivation that was necessary (Fuller and Qin

2009). The perennial rufipogon would have normally been a
fairly poor grain resource, with more metabolic energy
invested in vegetative tissues. This necessitated humanmanip-
ulation of soil and water environment to induce a drought
response of higher grain productivity. Over time there would
have been selection for more annuality and reduced vegetative
growth (shorter and straighter growth habit), as well as in-
creasing grain yields and grain size. Thus more intensive
human efforts at managing the soil and water conditions of
early cultivated rufipogonwould have been repaid by increas-
ing yields and the accumulation of domestication genes. The
archaeological evidence from the Lower Yangtze supports this
inferred process (Fuller and Qin 2009, 2010). By contrast, the
annual O. nivara wild rices could have been exploited on a
large scale without any serious cultivation, or selection of
habit changes or domestication traits. This represents a
“proto-indica” hypothesis (Fuller et al. 2010a) in which inten-
sive exploitation of proto-indica wild types, which probably
included burning off competing vegetation and some broad-
cast sowing, could have taken place for millennia without the
evolution of domesticated rice (Fuller 2011). In other words
we would expect the adaptive syndrome of annual wild rice
(Grillo et al. 2009) to have been reinforced through such
proto-cultivation.

How independent was early rice farming in the Ganges?
clarifying northwestern or northeastern inputs

In Gangetic India, archaeological evidence has for a while been
taken to indicate local independent origins of agriculture (e.g.
Fuller 2002, 2006a, b, 2007; Saraswat 2005). Clear evidence
for a local domestication process, however, is still missing.

Fig. 2 Hypothetical
representation of the
phylogenetic history within rice
over time, with hybridizations,
and lost lineages, and diversity
not sampled in modern
germplasm represented.
Modified from a diagram in
Gross and Olsen (2010). X
hybridization event. Potential
lineages of the Neolithic
Ganges, i.e. the ‘proto-indica’
encircled by green dashed line.
Note that lost rice lineages are
meant to be suggestive and
representative, but it is not yet
possible to develop detailed
hypotheses.
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DOMESTICATION PRESSURES ON RICE

Instead, what archaeology has revealed is quite a lot about the
integrated agricultural systems of the very late Neolithic, a
period in which continuously occupied sedentary villages be-
come the norm. This mostly dates from 2200 or 2000 BC to the
early centuries of the second millennium (Fuller 2006a, 2011).
Earlier occupations are likely to have been more mobile, i.e.
this is the problem of “silence before sedentism” which has
limited pinpointing that the actual origins of cultivation in
much of inner India (Fuller 2006b). Increasingly, I think this
makes sense in terms of early agricultural settlements in much
of India being frequently moved due to practices of shifting
cultivation, leaving a poor and ephemeral archaeological re-
cord and precluding much direct archaeobotanical evidence
(Kingwell-Banham and Fuller 2011). Nevertheless the few
early sedentary sites with good evidence, such as Senuwar
(from 2500 BC), suggest that there was a reliance on rice,
probably cultivation, before crops from elsewhere were intro-
duced (Saraswat 2004; discussions in Fuller 2006a, b, 2011).

The introduction of domesticates from the west (the
Indus region), may have started as early as 2400–2200
BC, based on a couple of AMS dates, but was well estab-
lished in the Ganges from around 2000 BC. That this was a
gradual process may be indicated by slightly later evidence
at other sites such as Mahagara (from 1800 BC) in which
rice and native millets (but not Setaria pumila, mainly
Brachiaria ramosa) are present in the lowest level with
mungbean (from South India), winter cereals (barley and
wheat) and lentil later in the sequence (Harvey et al. 2006;
Harvey 2006). Preliminary observations on Neolithic plant
remains from the sites of Tokwa and Jhusi suggest a similar
mixed cultivation system was well established before the
end of the Neolithic (Pokharia 2008—but see discussion of

dating problems in Fuller 2011 supplement). All of this may
point towards most of our evidence coming from the end of
the process of agricultural origins in this region, as rice/
wheat/pulse-cultivating sedentary villages with domestic
livestock become widely established. I think it is not an
accident that this really takes off after 2000 BC, when there
is evidence for a “Chinese horizon” of crop introductions
in northwest India and Pakistan (peach, apricot, Panicum
miliaceum, prob. Setaria italica, Cannabis sativa, hand
harvest knives). Of these species Cannabis has names in
India that point linguistically to Central Asian connections
(Witzel 2005). This represents the earliest and best archae-
ological evidence for anything coming out of China and into
South Asia. Of note is that this is just in the centuries after
the first arrival into China of things from the west, such as
taurine cattle, sheep, wheat and barley (see, e.g. Flad et al.
2010; Frachetti et al. 2010). Along with these other plants, I
have hypothesized also the introduction of japonica rice,
and its key nuclear mutations for domestication traits, into
the proto-indica cultivars with a distinct chloroplast genetic
background (see Fuller and Qin 2009; Fuller et al. 2010a).
In linguistic terms, it should be noted that this would clearly
be a process of loans of Chinese crops, and an approach to
harvesting, probably via middlemen and not via immigrants,
i.e. trade rather than demic diffusion (Fig. 4).

Why not an introduction of japonica rice from the north-
east? Proponents of the Austric-farming-dispersal hypothesis
(e.g. Bellwood 1996; Higham 2003) have often assumed that
rice farming spread from Yunnan through Assam and into the
Ganges. Others suggest that indica rice came from Southwest
China (i.e. Yunnan), perhaps amongst early Austroasiatic
speakers (Sagart 2008: 138) or perhaps that Northeast India

Fig. 3 Contrasting the
feedback loops of the proto-
indica hypothesis (bottom) and
the japonica domestication
pathway (left). This has been
added to a diagram contrasting
wild versus domesticated crop
processing (Fuller et al. 2010b).
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SPREADING OF RICE HYBRIDS

will eventually prove to be a rice domestication area and/or a
staging post in the spread or rice from China to India (Van
Driem 2011a, b). However, any evidence for this, in terms of
ceramic types, settlement patterns or archaeobotany is lacking.
Admittedly Burma, Assam, Yunnana and Bengal are amongst
the least well-known regions archaeobotanically and archae-
ologically—archaeology is very geographically biased (a
point emphasized by Van Driem). Nevertheless based on
current evidence, which is rapidly improving for Yunnan at
least, the earliest rice farming in the upper Yangtze dates only
from 2500–2000 BC at the earliest. It is of similar date in
Orissa in eastern India and more or less of similar age in the
Ganges. This gives insufficient time for such a spread, and if it
had been quite so rapid one would expect more of an archae-
ological smoking gun, certainly on par with the Longshan-
type harvest knives that were beingmade and used in Kashmir
and Swat after 2000 BC. As for crops that did come from the
far northeast of India and/or the Yangtze into the Ganges, such
as Citrus trees, cultivated mango and the fibre crop ramie
(Boehmeria nivea), these are all evident in middle Ganges
sites from about 1400 BC onwards (see Saraswat 2004, 2005;
Kingwell-Banham and Fuller 2011). This in my opinion indi-
cates the first evidence for agricultural diffusion into the
Indian plains via Assam. I make a distinction here of the
plains, because Munda speakers in all likelihood did migrate
in from the northeast, but with a preference of hill habitats (as
per Fuller 2003; Harvey et al. 2006; and contra Fuller 2007;
Donegan and Stampe 2004 hypothesis on Austroastiatic ori-
gins). This is likely to have involved vegeculture (especially
taro), shifting cultivation, and rice, but perhaps more likely
aus rice than japonica.

Can this be accommodated to a single origin of rice?

It is important to be clear on what is meant by “origins”, and
I take the origins of rice to refer to independent traditions of
economic reliance and/or management or cultivation of rice
populations. As should already be clear, I regard the inde-
pendent rice tradition of north India as never having pro-
ceeded on its own to full domestication. However, it is also
possible that local domestication genes were later removed
by drift once mutations with equivalent function were intro-
duced from japonica (Allaby 2010). It should be clarified
that I use domestication in the sense of a set of biological
adaptations (of the plant) to the cultivated environment.
Cultivation is a human activity; domestication is a genetic
change in the plant (following the pedigree of Helbaek
1960; Harlan 1975; Harris 1989; Fuller et al. 2010b). The
modern genetic evidence seems clear that many domestica-
tion traits had a single origin in terms of a single controlling
mutation. These mutations, however, could then have been
introduced into other lineages of managed/cultivated rice, as
outlined above, via hybridization. It should also be clarified
that “domestication event” as used in phylogenetic studies
refers to the sub-sampling process of wild populations (per-
haps with the beginnings of cultivation, but see Allaby 2010),
whereas domestication refers to the fixation of genotypes
adapted to cultivation.

A recent study by Molina et al. (2011a) carried out analysis
of demographic history by attempting to model demographic
parameters from several phylogenetic datasets using the new
generation of collascent models which allow for multiple
branches, bottlenecks and populations. Like the earlier con-
clusions of Vaughan et al. (2008), they conclude that single
domestication of japonica is likely with indica derived from a
subsequent bottleneck. This study, however, does not sway me
from my conclusion about the evidence for a proto-indica
exploited in India before the introduction and hybridization
with improved japonica, but instead it reinforces the need for a
fossil record, namely archaeobotany, to play critic to the
computer-generated art of modelling, and to remind us that
samples from the modern time plane can never capture lost
genetic diversity of extirpated wild and cultivated lines of the
past (Fig. 2). It is less about a failure to account for existing
sub-population structure withinmodern wild rice (Ge and Sang
2011), since their model has provided some tests for this
(Molina et al. 2011b), but that they are unable to sample and
model the full range of diversity in all the lineages that have
ever been cultivated, however briefly, over the past 8,000 years.
The evidence from rice chloroplast genetics implies as much,
since the chloroplast differs fundamentally between indica and
japonica, nivara and rufipogon, such that there are shared
characters between indica and nivara. Other characters in
indica are unknown in the wild: extinct proto-indica lines are
implied by the chloroplasts (Takahashi et al. 2008). Since

Fig. 4 Maps of the proto-indica hybridization hypothesis in space and
time. The base map shows a geographical interpolation of the spread of
rice (from Fuller et al. 2011b). In green is the focus of an early selection
regime of japonica domestication and its initial dispersal zone, including
northwards into the temperate zone. Blue indicates the potential spread of
proto-indica exploitation and non-intensive cultivation, without major
selection for domestication traits. Most of the spread in South Asia took
place after hybridization.
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Tibetan and indeed for his hypothesized STAN, which
would link this to Austronesian. Whether this link really
needs to be a linguistic–genetic one, and not a case of early
interaction and loans, perhaps needs clarification.

Blench (2005) and Blench and Post (2010) suggested it is
difficult to derive all of Sino-Tibetan from shared agricul-
tural origins, and posit hunter-gatherer origins along the
eastern Himalaya. However, ruling out that hunter-gatherers
substrates were not later incorporated into Sino-Tibetan
seems difficult. Therefore in Fig. 5, I have indicated some
early foragers around the eastern front of the Himalayas,
which might have been either pre-agricultural Sino-Tibetan
relatives (as per Blench and Post 2010) or later absorbed by
Sino-Tibetan farmers. Sagart reports shared vocabulary for
rice between (some) Sino-Tibetan (focused on Sinitic) and
Austronesian, but rather than seeing these as deriving from
the domestication of rice by the same group who started
millet cultivation, the archaeology is more in keeping with
an introduction of rice into millet farming.

Archaeobotanical evidence is clearly against the older
notion that millet agriculture developed as rice farmers
moved north (Fuller et al. 2007; Zhao 2011; Song 2011).
Instead it makes sense that terms relating to rice are loans to
Sino-Tibetan from early rice-growing Hmong-Mien
[0Miao-Yao] (Van Driem 2011a, b). Indeed Hmong-Mien
is a popular candidate group for rice domesticators, perhaps
those focused on the middle Yangtze (Blench 2005; Van
Driem 2011a). The Yangshao archaeobotanical evidence
suggests a minimal age of 3800–4000 BC (Qin and Fuller
2009) on the introduction of rice from Hmong-Mien to ST
(or STAN), which may therefore help to date some of the
separation of ST or STAN languages.

An earlier Jomon and Chulmun upland japonica?

While the hypothesis that some upland rice reached Korea
and Japan in the Second Millennium BC seems reasonable
(Fuller et al. 2010a; Tanaka et al. 2010), the big demograph-
ic growth presumably came with paddy fields in the first
millennium BC with the Mumun and Yayoi periods. The
spread of paddy fields was defined as “thrust 9” (Fuller et al.
2010a), but is not taken up further here. The linguistic
evidence for an extensive proto-Japonic rice terminology
is clear, but where these terms of the Japanese language
originated is not (see Blench 2005). The recent claim that
the Yayoi elite were immigrants who brought rice from Java
(Kumar 2009) has little merit (Fuller 2010), and there
remains little to support a major migration from the south.
Nevertheless, if Proto-Austronesian precursors were placed
along the Jiangsu/Shandong coastline, as Sagart’s (2008)
hypothesis suggests, then some Austronesian-related termi-
nology should be expected to have made its way into Korea
and Japan, since the source of Korean, and ultimately Jap-
anese, rice is likely Shandong (Ahn 2010). Early pre-Yayoi
rice would have been an upland form, presumably with low
productivity and likely little different from millets. The
Mumun and Yayoi rices, by contrast, were grown in wet
paddy fields, and would have provided higher productivity
and greater demographic increase.

To Taiwan and beyond: a southerly quasi-temperate
japonica

This represents the start of the classic early Austronesian
dispersal hypothesis, in which demographic growth
amongst rice and millet farmers in Taiwan from around
2500 BC fuels onwards migration southward (Bellwood
1996, 1997). Rice appears in Taiwan along with foxtail
millet in the early third millennium BC, presumably with
the spread of agriculture from somewhere in mainland Chi-
na (Tsang 2005). Quality archaeobotanical evidence from
Taiwan is still lacking, so that we can say little about the
variation in the rice or how it was cultivated, although
published photographs suggest a shorter grained form,
which would point towards the Yellow River rather than
the Yangtze region as a source zone, as does the millet. The
absence of P. miliaceum so far in Taiwan is curious, as this is
almost always found together with foxtail millet on the
mainland (Song 2011), and has traditional importance
amongst some Formosan-speaking groups in the hills of
Taiwan (Fogg 1983). Together with Dawenkou-Nanguanli
tendencies toward tooth evulsion practices, these thin data
do tally with Sagart’s suggested derivation of the early
Taiwanese crops and AN speakers from Eastern China
around South Shandong or Jiangsu (Fig. 6). Nevertheless,
in terms of archaeological culture, there is clearly close ties

Fig. 5 Some general hypotheses linking the distribution of subsistence
cultures and language affiliation for ca. 4000 BC. The basemap is from
Fuller et al. (2011b) and shows in grey a reconstruction of land area
under wet rice cultivation as a percentage of modern wet rice land area
(the percentage scale is indicated in the shaded bar at the right). It is
presumed that wet rice supported denser and expanding human pop-
ulations. Language family abbreviations: AN Austronesian, Hm-M
Hmong-Mien, STAN Sino-Tibetan-Austronesian (of Sagart 2008).
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between Taiwan and Fujian (Tanshishan culture), but coastal
Fujian archaeology suggests a greater importance of fish and
shell fish instead of agriculture (Rolett et al. 2011), and thus
lacks an agricultural demographic motor. But perhaps we
need to postulate cultural hybridity of some sort with the
traditions of Fujian and coastally focused immigrants from
north of the Yangtze. There are no clear material culture
links, or strong cultural affinities between Taiwan/Fujian
and the freshwater Lower Yangtze culture, despite genera-
tions of hopeful thinking (e.g. Jiao 2006), and archaeology
has been so intensive around the Lower Yangtze for this
period that it is hard to accept that we have missed such
evidence. During the third millennium, the elite culture of
the Lower Yangtze (Liangzhu) through its jade art had wide
reaching influences on other parts of China (including
Dawenkou, Early Longshan, etc.), but in many ways it
was an inward-looking culture little influenced by other
areas. If I were guessing, I would see the Lower Yangtze
as most likely a region of an isolated or extinct language
distinct from the coastal Austronesian-related groups.

From Taiwan rice spread further (Fig. 7), but its importance
in island Southeast Asia appears limited and hard evidence is
scarce. Growing evidence suggests both that some arboricul-
tural and vegecultural economies were already established in
parts of island Southeast Asia, perhaps related to the indepen-
dent development of cultivation in NewGuinea (Donohue and
Denham 2010), and that substrate languages in island south-
east Asia (which probably included some Austroasiatic taro
farmers) were later subsumed by Austronesian dominance
(Blench 2010a, b). Genetic evidence is clear that pigs in most

of the region and the pacific beyond were introduced from a
mainland Southeast Asian domestication (northern Vietnam/
Yunnan) (Larson et al. 2010). On the other hand, coastal
dispersal around southern China and to Vietnam could have
been important (Zhang and Hung 2010). The early evidence
of rice in mainland Southeast Asia focuses on the lower
courses of rivers rather than their upper courses of the interior
(Castillo and Fuller 2010). Some of this coastal spread (Sagart
2008; this volume) can be seen as the earliest spread of Tai-
Kadai speakers, who subsequently moved inland, up rivers.
This hypothesis has been supported by Blench (2008b), who
attributes ethnographic traditions of tooth evulsion, facial
tattooing, multi-tongue mouth harps and snake cults to this
ancestry.

Proto-indica origins and spread

The case for early rice use in the Ganges has been dealt with
in detail. Reports from northwest India and northern Paki-
stan suggest that some rice was consumed, and presumably
planted, within this wheat- and barley-dominated zone, al-
ready during the Harappan era (2500–2000 BC), although
spikelet bases to determine domestication status are so far
unavailable. It is possible that some domestication non-
shattering had evolved here but, if so, was subsequently
replaced by introduced japonica mutations including sh4.
And it is in this context that hybridization with japonica is
hypothesized (at the end of this period after 2000 BC).

Fig. 6 Some hypotheses linking the distribution of subsistence cultures
and language affiliation for ca. 3000 BC, with indication of the dispersal
directions for north Chinese millets, middle Yangtze rice and millet
systems, and possible Dawenkou-related coastal dispersal southwards
(Tanshishan and Nanguanli). The basemap is from Fuller et al. (2011b)
and shows in grey a reconstruction of land area under wet rice cultivation
as a percentage of modern wet rice land area (the percentage scale is
indicated in the shaded bar at the right). It is presumed that wet rice
supported denser and expanding human populations. Language family
abbreviations: AA Austroasiatic, AN Austronesian, P.Drav. Proto-
Dravidian, ST Sino-Tibetan.

Fig. 7 Some hypotheses linking the distribution of subsistence cul-
tures and language affiliation for ca. 2000 BC. Indicated are the crop
dispersal towards Southeast Asia and the diffusion of western crops
into Longshan China, and Chinese crops, notable millets westwards
and southwards (to South Asia, Yemen, Sudan). The basemap is from
Fuller et al. (2011b) and shows in grey a reconstruction of land area
under wet rice cultivation as a percentage of modern wet rice land area
(the percentage scale is indicated in the shaded bar at the right). It is
preseumed that wet rice supported denser and expanding human pop-
ulations. The Bactria–Margiana Archaeological Complex (BMAC) is
indicated. Language family abbreviations: AA Austroasiatic, AN Aus-
tronesian, ST Sino-Tibetan. Munda languages are included in the
Austroasiatic family.
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fortified cities, and a broader Middle Asian Interaction
sphere (Fig. 7), by which Chinese Panicum millet was to
reach Yemen and Sudan by 2000–1700 BC (Boivin and
Fuller 2009). Even if, genetically, the Panicum millets of
South Asia prove on the whole to have a larger genetic input
from a distinct west/central Asian Panicum domestication,
there was still some genetic input from Chinese millets (see
Hunt et al. 2011), and the spread of crops into northwestern
South Asia was clearly important just after 4,000 years ago.
This period was also one of transportation revolutions on the
margins of South and Central Asia, including the first clear
evidence for the use of Bactrian camels and horses in the
Indus region (Meadow 1996). These processes of trade and
improved means of transport probably facilitated some of
the waves of Indo-Aryans who came into South Asia. This
was also an era of drier climate (Madella and Fuller 2006)
that may have pushed people from the deserts of central
Asia towards the wetter valleys like the Indus and into the
monsoon zone. Although they are symptomatic of the same
processes, there is no reason to postulate a direct connection
between Indo-Aryan arrival and japonica rice arrival in
South Asia.

The dispersal of rice throughout South Asia and beyond

The available weed data from the Ganges suggest that early
rice cultivation was essentially dry cropping, based on mon-
soon rains and seasonal flood recession, but that plausible wet
field irrigated rice may have been grown by the end of the
second millennium BC and certainly by the Iron Age (Fuller
and Qin 2009). Agricultural intensification in this period is
indicated by the adoption of cash crops like cotton and flax,
and may be linked to the emergence of social hierarchy (Fuller
2008). It is only during the Iron Age that rice cultivation (and
paddies) becamemore widely established through South India

and were introduced to Sri Lanka (Fig. 8). In Sri Lanka and
Tamil Nadu, the first rice seems to be associated with the
construction of larger irrigation tanks and the emergence of
hierarchical and sedentary societies. The advent of rice in the
far South must have prompted dramatic population growth,
and this may account for the very widespread distribution of
the some Dravidian languages, such as Old Tamil. This de-
mographic pulse was additional to an older Neolithic expan-
sion process associated with the earliest agriculture in South
India [based on native millets and pulses, as well as livestock
(Southworth 2005; Fuller 2003, 2007, 2011)]. Once these
societies became rice-growing societies, they played an in-
creasing role in long distance trade, such as the spice trade that
the Roman empire tapped into. There was also trade estab-
lished during the first millennium BC between India and
Southeast Asia (Fuller et al. 2011b), and it is possible that
the first lowland indica rices in Southeast Asia came by this
means. Rice from India also came to get established in Lower
Mesopotamia in the late centuries BC (Nesbitt et al. 2010).

Concluding remarks

While there remains much to discuss and debate on the
origins and spread of rice, as well as how this relates to
language histories, it is most important that we recognize
that gaps in our knowledge—especially geographical gaps
in archaeological data—limit the reliability of some of the
reconstructions presented above. Nevertheless, current evi-
dence, as outlined, provides a clear context in which to
frame new research in the gaps (such as Assam, Myanmar),
but also for framing updated historical linguistic hypotheses.
The archaeobotanical evidence is important for informing
genetic models and agricultural language models. In general
the archaeological record points to processes of diffusion

Fig. 8 Some hypotheses relating the rise to dominance of regional
languages and state formation built on the infilling of Asian landscapes
with intensive rice agriculture. The basemap is from Fuller et al.
(2011b) and shows in grey a reconstruction of land area under wet rice

cultivation as a percentage of modern wet rice land area (the percentage
scale is indicated in the shaded bar at the right). AN Austronesian
languages.

88 Rice (2011) 4:78–92

SPREADING OF RICE HYBRIDS
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Bellwood and Dizon 2008
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Map 1.I The distribution of Austronesian languages, together with archaeological dates for the spread of Neolithic cultures. Beyond the Solomon 
Islands, Austronesian speakers appear to have been the first human populations. Reproduced from Bellwood 2005: fig. 7.4.

RECONSTRUCTION OF AUSTRONESIAN EXPANSION
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MILLETS

Suggested Migration Route for Early Austronesians Into and Out of Taiwan and the Worldwide Distribution of Haplogroup E1 (A) Geographic 
regions in China of foxtail millet domestication (source: Ko et al. 2014)
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TARO DOMESTICATION
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TARO DOMESTICATION
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NEW GUINEAN DOMESTICATIONS: TUBERS
7XETPI JSSHW ���

+NLZWJ ��� ,WT\YM MFGNY TK YMWJJ ^FR 
(MSWGSVIE� XUJHNJX

Greater yam, Dioscorea alata 

Lesser yam, Dioscorea esculenta 

I' ,I 
i' 

Potato yam, Dioscorea bulbifera 

��� 1EPGSPQ 6SWW

+NLZWJ ��� >FR 
(MSWGSVIE EPEXE� YZGJW XMFUJX

\NYM F KFSYFXYNH KTWR NX LTTI KTW INXUQF^� 9MJ [JW^ KFHY YMFY ^FRX HFS GJ XYTWJI UQFHJX YMJR
FGT[J YFWT NS YMJ KTTI MNJWFWHM^ GJHFZXJ NY FQQT\X F RFS YT FHHZRZQFYJ YMJR ZSYNQ MJ HFS INX�
YWNGZYJ YMJR FY F KJFXY NS YMJ QFWLJ VZFSYNYNJX \MNHM GTQXYJW MNX UWJXYNLJ 
-T\JX ����� ����ٷ�
��ٷ����

9MJ RTXY \NIJQ^ WJߘJHYJI YJWR KTW (� EPEXE NX 54H �UYTM� \MNHM NX FQXT \NIJQ^ WJߘJHYJI
NS F XJHTSI XJSXJ FX YMJ LJSJWNH YJWR KTW ^FRX�

525 �UYFM ٽFR^ټ 
)JRU\TQߖ �����
54H �UYTM LWJFYJWټ ^FR� (MSWGSVIE EPEXE ^FR 
LJSJWNHٽ�

&IR� )WJMJY Y LWJFYJWټ ^FR ^FR 
LJSJWNHٽ�
33,� 2FQFXFSLF OYM�OYM LWJFYJWټ ^FR ^FR 
LJSJWNHٽ�
59� .IZSF OYZM LWJFYJWټ ^FR ^FR 
LJSJWNHٽ�
22� ;NYZ ȆYZM LWJFYJWټ ^FR ^FR 
LJSJWNHٽ�
22� 9TQFN E�YT LWJFYJWټ ^FR ^FR 
LJSJWNHٽ�
22� 2FWT[T YZM LWJFYJWټ ^FR ^FR 
LJSJWNHٽ�
22� 2FWNSLJ R�Y۳ LWJFYJWټ ^FR� (MSWGSVIE EPEXE ^FR 
LJSJWNHٽ�


-JSIJWXTS � -FSHTHP �����
92� 'ZRF Y[¥ ٽFR^ټ
92� 9FSJRF YZE ٽFR^ټ
92� 9FSFGNQN RS�YTMS ٽFR^ټ
92� ;FST YTMI ٽFR^ټ

Yams (Dioscorea alata)��� 1EPGSPQ 6SWW

+NLZWJ ��� 9FWT 
&WFHJFJ� LJSJWF FSI %QSVTLSTLEPPYW� LWT\YM MFGNY

584H �FɚIXE �YFWTټ 'SPSGEWME IWGYPIRXEٽ 
1^SHM ����E�
3(;� 2\TYQFU TɚIX �YFWTټ '� IWGYPIRXEٽ
3(;� 3* &RGFJ TɚIXE �YFWTټ '� IWGYPIRXEٽ
3(;� &WFPN TIVE �YFWTټ '� IWGYPIRXEٽ
3(;� 7FLF FɚIXE �YFWTټ '� IWGYPIRXEٽ
3(;� 3TPZPZ TɚIXE �YFWTټ '� IWGYPIRXEٽ
3(;� 0NFN TIXE �YFWTټ '� IWGYPIRXEٽ
3(;� 9FRFRGT FYIXE �YFWTټ '� IWGYPIRXEٽ
3(;� 8FPFT �SI
ZEH �YFWTټ '� IWGYPIRXEٽ
3(;� :WNUN[ RE�FɚIX �YFWTټ '� IWGYPIRXEٽ
3(;� 'NL 3FRGFX RE�TɚIX FSټ JINGQJ WTTY 
STY YFWTٽ�
3(;� 1TS\TQ\TQ �Y
FɚIV �YFWTټ '� IWGYPIRXEٽ
8; � &SJOT࣠ RE�TɚEX �P�Tټ YFWTٽ
3(FQ� 3JRN TɚIIO NQI\ټ FWWT\WTTY� %QSVTLSTLEPPYW TEISRMMJSPMYWٽ$
3(FQ� /F\J TɚIIO NQI\ټ FWWT\WTTY� %QSVTLSTLEPPYW TEISRMMJSPMYWٽ$

9MJ QJF[JX TK 'SPSGEWME IWGYPIRXE FWJ JFYJS FX F LWJJS [JLJYFGQJ NS RFS^ UFWYX TK 4HJF�
SNF� FSI RFS^ QFSLZFLJX MF[J F XJUFWFYJ \TWI KTW YMJR 
HM��� k����� & UTXXNGQJ 54H YJWR
KTW YFWT QJF[JX� 54H �KEP�E�S
 NX \JFPQ^ XZUUTWYJI� FQTSL \NYM F UTXXNGQJ 5<4H HFSINIFYJ�
�?UEATɚEWYټٸUTXXNGQJٽ GJHFZXJ TSQ^ NYX 33, FSI 59 WJߘJ]JX IJSTYJ QJF[JX NYX 22 WJߘJ]JX
IJSTYJ 'SPSGEWME IWGYPIRXE NYXJQK�

54H �KEP�E�S
 YFWTټ QJF[JXٽ $ 
7TXX ����G� ����
&IR� 'FQZFS KEP ٽYFWTټ
33,� 1FGZ OE ٽYFWTټ

Taro (Araceae) and Amorphophallus
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NEW GUINEAN DOMESTICATIONS: SAGO

7XETPI JSSHW ���

+NLZWJ ��� *]YWFHYNSL YMJ XYFWHM KWTR F XFLT YWZSP

.Y NX UWTGFGQ^ YWZJ YT XF^ YMFY NS 4HJFSNH�XUJFPNSL HTRRZSNYNJX XFLT NX TSQ^ F XYFUQJ \MJWJ
F RFWXM^ JS[NWTSRJSY HFZXJX TYMJW XYFUQJX YT GJ NS XMTWY XZUUQ^� *]HJUY FY QTHFYNTSX NS YMJ &I�
RNWFQYNJX� NY NX FQ\F^X F XZUUQJRJSY YT LFWIJS XYFUQJX� STY F WJUQFHJRJSY� &QYMTZLM YMJWJ FWJ
HTRRZSNYNJX NS 3J\ ,ZNSJF \MNHM LJY YMJNW XFLT JSYNWJQ^ KWTR SFYZWFQ UFQR XYFSIX� 4HJFSNH�
XUJFPNSL HTRRZSNYNJX UWTGFGQ^ FQXT UQFSY UFQRX KWTR XZHPJWX 
YWFSXUQFSYNSL XJJIQNSLX NX
WFWJ 7MTFIX ������

8FLT UFQRX LWT\ [JW^ VZNHPQ^� ZU YT ��� R TK [JWYNHFQ XYJR LWT\YM UJW ^JFW� 9MJ^ FWJ
MFW[JXYJI FY YMJ FLJ TK � YT �� ^JFWX OZXY GJKTWJ YMJ^ �T\JWߘ 9MJ UFQR NX KJQQJI� YMJ YWZSP
NX HZY NSYT XJHYNTSX� 9MJXJ FWJ JNYMJW XUQNY QJSLYM\F^X TW YMJ GFWP NX MFQK UJJQJI Tߖ� FSI NS
UWJ�HTSYFHY YNRJX YMJ UNYM \FX J]YWFHYJI \NYM YTTQX RFIJ KWTR MFWI \TTI� WTZLM XYTSJ TW
XMFWUJSJI GFRGTT� (TRRTSQ^ YMJ HWZXMJI UNYM NX \FXMJI FSI UTZSIJI� HWZXMJI TW \WZSL

54H �TS6SW� [TQ���HM��� k�� NS FS NSHQNSJI YWTZLM RFIJ KWTR F XFLT QJFK UJYNTQJ 
XJJ +NLZWJ
����� 9MJ XYFWHM^ QNVZNI YMZX J]YWFHYJI KWTR YMJ GWTZXߗ WJXNIZJ WZSX YMWTZLM F HTHTSZY KWTSI�
SJYYNSL XYWFNSJW 
54H �6YRYX� [TQ��� HM��� k��� YMNX [TQZRJ� HM���� k���� FSI NX HTQQJHYJI
NS QJFK UFSX YT XJYYQJ� 9MJ \FYJW NX IJHFSYJI XT YMFY YMJ XYFWHM HFS IW^� 9MJ IWNJI XYFWHM NX
XFLT �TZWߘ \MNHM NX FQRTXY UZWJ HFWGTM^IWFYJ� KTW \MNHM WJFXTS NY NX WFWJQ^ JFYJS FQTSJ� 9T
UWJXJW[J NY� XFLT TZWߘ NX \WFUUJI NS XFLT QJF[JX TW UQFHJI NS HQF^ UTYX FSI XNRUQ^ IFRUJSJI
\NYM \FYJW KWTR YNRJ YT YNRJ� .Y NX XTRJYNRJX JFYJS FX F UTWWNILJ \NYM FIINYNTSFQ NSLWJINJSYX�
XTRJYNRJX RFIJ NSYT F UFXYJ \MNHM NX GFPJI NSYT F UFSHFPJ TW GNXHZNY \NYM TYMJW NSLWJINJSYX�
FSI XTRJYNRJX GFPJI NS F MTQQT\ GFRGTT T[JW F WJߗ 
2F^ ����� ����

&Y QJFXY TS 2FQFNYF FSI NS YMJ 9JRTYZ FWHMNUJQFLT HMZSPX TK ZSUWTHJXXJI UNYM FWJ XTRJ�
YNRJX GFPJI FX FS JRJWLJSH^ KTTI 
0\FٽNTQTF � 'ZWY ����� ���� -JSIJWXTS � -FSHTHP
����� ���� 9MWTZLMTZY 4HJFSNF� XFLT QJF[JX� \MNHM FWJ UNSSFYJ� STY UFQRFYJ� UWT[NIJ J]HJQ�
QJSY WTTߗSL YMFYHM� 9MJ^ \JWJ J[NIJSYQ^ ZXJI KTW YMNX UZWUTXJ G^ 54H XUJFPJWX� \MT HFQQJI
YMJ QJF[JX FSI YMFYHM �UEXST 
[TQ��� HM��� k����� 5FWYX TK YMJ XFLT UFQR MF[J F [FWNJY^ TK ZXJX�
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NEW GUINEAN DOMESTICATIONS: BANANA

Over 100 new accessions of wild and cultivated bananas were obtained from a wide geographic region including West 
New Britain, East New Britain, New Ireland, Western Highlands, East Sepik, Madang and Milne Bay
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NEW GUINEAN DOMESTICATIONS: SUGAR CANE 
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CULTURAL CROPS AND LANGUAGE FAMILY EXPANSIONS

4  

 
Figure 3 Crops and animal domestication sources and their spread worldwide (based on Diamond and Bellwood 
2003, and Bellwood 2013) 
 

 
Figure 4 Homelands and expansions of linguistic groups in the Old World (based on Diamond and Bellwood 2003, 
598)  
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LEXICAL BORROWING IN AUSTRONESIAN



MALAYIC LOANWORDS
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INDIC LOANWORDS
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INDIC LOANWORDS
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MAY SIVA BLESS THOSE WHO TAKE DELIGHT IN THE LANGUAGE OF THE GODS

 
FLgXUe 1:​ ​"Ma\ ¨LYa bOeVV WKRVe ZKR WaNe deOLgKW LQ WKe OaQgXage Rf WKe gRdV" b\ "KÌOLdÌVa" LV ZULWWeQ LQ aOO LQdLcb

VcULSWV ZKLcK aUe XVed LQ SUeVeQW ZRUOd. b13

TKH BUaKPaQLFaO EHOLHI V\VWHP aQG aGPLQLVWUaWLRQ ZHUH WUaQVSRUWHG WR WKH UHJLRQ PRVW OLNHO\ E\ BUaKPLQV               
ZKR FaPH ZLWK WUaGHUV IURP SRXWK IQGLa aQG ZHUH VXEVHTXHQWO\ FaOOHG XSRQ WR OHJLWLPL]H WKH SRZHU aQG                 
GRPLQLRQ RI ORFaO UXOHUV. AV VSLULWXaO PHGLXPV WR WKH VXSHUQaWXUaO, BUaKPLQ SULHVWV ZHUH LQYHVWHG ZLWK WKH                
SRZHU WR FRQVHFUaWH WKH aXWKRULW\ RI UR\aOW\ LQ WKH HaUO\ SROLWLFaO VWaWHV RI CaPERGLa aQG JaYa, aQG OaWHU LQ                   
WKH NLQJGRPV RI BXUPa aQG SLaP. SXFK a VWaWXV LV VWLOO HQMR\HG E\ WKH BUaKPLQ SaQGLWV RI PRGHUQ                  
TKaLOaQG, ZKR FRQWLQXH SOa\ a FHQWUaO UROH LQ UR\aO FHUHPRQLHV E\ SUHVLGLQJ RYHU ULWXaOV ZLWK               
BUaKPaQLFaO URRWV (H.J. VHH WaOHV 1931).  
AIWHU WKH GLIIXVLRQ RI AXVWURQHVLaQ OaQJXaJHV (PURWR-WHVWHUQ MaOa\R-PRO\QHVLaQ, aQG PURWR-CHQWUaO          
MaOa\R-PRO\QHVLaQ) aQG IRUPaWLRQ RI OaWHU GLaOHFWV, OLWHUaU\ SaQVNULW HQWHUHG aV WKH OaQJXaJH RI             
FRPPHUFH, WHFKQRORJ\, UHOLJLRQ aQG VFLHQFH LQ SRXWKHaVW AVLa. TKHVH LQIOXHQFHV ZHUH LQFRUSRUaWHG PRVW             
VLJQLILFaQWO\ LQ OOG MaOa\, OOG JaYaQHVH, aQG OOG CKaP. TKHVH OaQJXaJHV, EXW HVSHFLaOO\ MaOa\, EHFaPH               
FRQGXFWRUV RI WKH SaQVNULW LQIOXHQFH LQ WKH MaULWLPH SRXWKHaVW AVLa.  
CRPSaUHG WR WKH VSUHaG RI WKH PRUH aQFLHQW BUaKPaQLFaO EHOLHI V\VWHP, WKH VSUHaG RI BXGGKLVP LV PXFK                 
EHWWHU XQGHUVWRRG. SFRUHV RI BXGGKLVW PRQNV EURXJKW WKH BXGGKLVW EHOLHIV WR WKH UHJLRQ aORQJ a QXPEHU RI                 
PaMRU SaWKV, VKRZQ LQ FLJXUH 6. 

13 CUHaWHG E\ AEKa\ AJUaZaO, URL: ​KWWSV://HQ.ZLNLSHGLa.RUJ/ZLNL/BUaKPLF_VFULSWV ​ (CC-BY-SA-3.0). 
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GRANTHA AND PALLAVA SCRIPTS

PALLAVA 
SCRIPT

Indian scripts are 
derived from Greco-
Phoenitian alphabeth
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Javanese
(still in use)

Balinese
(still in use)

Kawi
(700-1500 AD)

Cham
(still used)

AUSTRONESIAN SCRIPTS DERIVED FROM INDIAN
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ARABIC LOANWORDS
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ARABIC LOANWORDS
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CHINESE LOANWORDS
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CHINESE LOANWORDS
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TAMIL LOANWORDS
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WANDERWÖRTER IN LANGUAGES OF THE AMERICAS AND AUSTRALIA

8 H. Haynie et al. / Ampersand 1 (2014) 1–18

Fig. 4. Major loan patterns: Australian case study area.

3.4. Trade networks and Wanderwörter networks: social network
analysis

Social network analysis tools allow us to plot Wanderwörter
networks according to the number of loans linking individual
languages, and to compare these networks to possible correlates of
Wanderwort spread. Here, we compare Wanderwörter networks
to known trade networks in the Australian and North American
case study areas to assess the likelihood that Wanderwörter travel
straightforwardly along trade networks. This raises the question
of whether all (or most) Wanderwörter spread through trade, or
whether alternative sources are possible.

We test this notion by mapping loan patterns geographically,
using graph visualization tools typically employed for Social
Network Analysis.11 We present data for Australia and North
America. Owing to the high degree of difficulty in establishing pre-
contact geographic settlement patterns in our SouthAmerican case
study, we do not attempt to do the same for Amazonia here.

3.4.1. Australian case study area
Fig. 4 shows the major links map for loans in the Australian

case study area side by side with a map of the route of pearl-
shell (after Akerman and Stanton, 1994) in Fig. 5, which proxies
widespread trade of other items.12

Figs. 4 and 5, which represent the network of loan transmission
in our Australian study area and known trade routes in the
region, respectively, provide some perspective on the notion that
Wanderwörter are correlated with trade or diffuse along trade
corridors. The geography of the borrowing network in Fig. 4 bears
only limited resemblance to the network of trade routes in Fig. 5,
suggesting thatwhile economic trademay contribute to the spread
of Wanderwörter, it is not the sole mechanism, or perhaps even
the primary mechanism ofWanderwort diffusion. If regional trade
networks were the primary conduit for Wanderwörter spread, we
should expect a closermatch between our network generated from
highly borrowed lexical items and that generated from traded
items. This conclusion is modified in Section 3.4.2, however, based
on further data from California.

In individual cases, however, highly traded items may in fact
predispose the linguistic forms used to refer to them to be widely

11 Here we use Gephi open graph visualization software to map borrowing
networks (Bastian et al., 2009).
12 The path of pearlshell trade is similar to a number of the other major paths
for traded goods in the area, though few goods participated in such a widespread
network as the pearlshell one. For local trade networks that are congruent with the
continent-wide one, see McBryde (1984a,b), for example.

Fig. 5. Pearlshell trade networks (after Akerman and Stanton, 1994).

borrowed. For example, whereas aggregate loan networks map
poorly onto general trade routes, the specific network along which
the term for ‘pearlshell’ itself has spread is a very plausible route
for pearlshell trade. That is, trade itself is not sufficient to establish
patterns by which Wanderwörter are spread, but the widespread
exchange of an item may lead to loans for its name. This is
congruent with the findings in Bowern et al. (2014), which found
that trade itself did not predict high loan levels for flora/fauna
items, but some of the highest loaned items were nonetheless
highly traded. Thus trade is neither necessary nor sufficient for
Wanderwort status, at least in this case study area.

3.4.2. North American case study area
Figs. 6 and 7 below provide trade network and loan data which

parallel those in the Australian case study area from Figs. 4 and 5.
The loan networks in the North American study area (Fig. 6)

more closely resemble known trade networks in the region
(adapted here in Figure 7 from Davis, 1961), particularly in the
web of contact around the Clear Lake area, and in the central-
ity of Yokuts to trade networks involving its neighbors. The rel-
atively greater isomorphism between loanword networks and
economic trade networks in North America might suggest a
stronger association between lexical borrowing and economic
trade in this region than in Australia. It is important to note, how-
ever, that the structure of these two social networks in the Cali-
fornia area may be constrained by physical geography, creating a
limited number of possible pathways for both economic and lin-
guistic contact.13 With the Pacific Ocean and Coastal Range to the
west, the imposing Sierra NevadaMountains on the east, andmuch
travel outside of the Central Valley funneled through rugged river
valleys and canyons, the physical location of the Yokuts languages
makes their communities likely hubs of contact among neighbor-
ing linguistic groups from all sides. In this case, the parallels be-
tween trade andWanderwörter may indicate shared linguistic and
economic history, but ultimately this may reflect not a necessary
link between trade and linguistic borrowing but rather the more
general conditioning of social contact in this region. In contrast,
some Australian trade networks may be shaped more by custom-
ary partnerships that evolve throughout history than by physical

13 However, McCarthy (1939) quotes contemporary ethnographic sources for
Queensland (e.g. Roth) in which trade pathways are likewise strongly constrained,
if not strictly by geography then by custom. However, McCarthy also describes the
importance of local barter systems, which have a less formal network structure
and are less clearly defined than either the regional networks or the continent-
wide highways, such as that characterized by the pearlshell network in Fig. 5 above.
This may explain at least some of the variation between the Australian and North
American areas.
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Fig. 4. Major loan patterns: Australian case study area.

3.4. Trade networks and Wanderwörter networks: social network
analysis

Social network analysis tools allow us to plot Wanderwörter
networks according to the number of loans linking individual
languages, and to compare these networks to possible correlates of
Wanderwort spread. Here, we compare Wanderwörter networks
to known trade networks in the Australian and North American
case study areas to assess the likelihood that Wanderwörter travel
straightforwardly along trade networks. This raises the question
of whether all (or most) Wanderwörter spread through trade, or
whether alternative sources are possible.

We test this notion by mapping loan patterns geographically,
using graph visualization tools typically employed for Social
Network Analysis.11 We present data for Australia and North
America. Owing to the high degree of difficulty in establishing pre-
contact geographic settlement patterns in our SouthAmerican case
study, we do not attempt to do the same for Amazonia here.

3.4.1. Australian case study area
Fig. 4 shows the major links map for loans in the Australian

case study area side by side with a map of the route of pearl-
shell (after Akerman and Stanton, 1994) in Fig. 5, which proxies
widespread trade of other items.12

Figs. 4 and 5, which represent the network of loan transmission
in our Australian study area and known trade routes in the
region, respectively, provide some perspective on the notion that
Wanderwörter are correlated with trade or diffuse along trade
corridors. The geography of the borrowing network in Fig. 4 bears
only limited resemblance to the network of trade routes in Fig. 5,
suggesting thatwhile economic trademay contribute to the spread
of Wanderwörter, it is not the sole mechanism, or perhaps even
the primary mechanism ofWanderwort diffusion. If regional trade
networks were the primary conduit for Wanderwörter spread, we
should expect a closermatch between our network generated from
highly borrowed lexical items and that generated from traded
items. This conclusion is modified in Section 3.4.2, however, based
on further data from California.

In individual cases, however, highly traded items may in fact
predispose the linguistic forms used to refer to them to be widely

11 Here we use Gephi open graph visualization software to map borrowing
networks (Bastian et al., 2009).
12 The path of pearlshell trade is similar to a number of the other major paths
for traded goods in the area, though few goods participated in such a widespread
network as the pearlshell one. For local trade networks that are congruent with the
continent-wide one, see McBryde (1984a,b), for example.

Fig. 5. Pearlshell trade networks (after Akerman and Stanton, 1994).

borrowed. For example, whereas aggregate loan networks map
poorly onto general trade routes, the specific network along which
the term for ‘pearlshell’ itself has spread is a very plausible route
for pearlshell trade. That is, trade itself is not sufficient to establish
patterns by which Wanderwörter are spread, but the widespread
exchange of an item may lead to loans for its name. This is
congruent with the findings in Bowern et al. (2014), which found
that trade itself did not predict high loan levels for flora/fauna
items, but some of the highest loaned items were nonetheless
highly traded. Thus trade is neither necessary nor sufficient for
Wanderwort status, at least in this case study area.

3.4.2. North American case study area
Figs. 6 and 7 below provide trade network and loan data which

parallel those in the Australian case study area from Figs. 4 and 5.
The loan networks in the North American study area (Fig. 6)

more closely resemble known trade networks in the region
(adapted here in Figure 7 from Davis, 1961), particularly in the
web of contact around the Clear Lake area, and in the central-
ity of Yokuts to trade networks involving its neighbors. The rel-
atively greater isomorphism between loanword networks and
economic trade networks in North America might suggest a
stronger association between lexical borrowing and economic
trade in this region than in Australia. It is important to note, how-
ever, that the structure of these two social networks in the Cali-
fornia area may be constrained by physical geography, creating a
limited number of possible pathways for both economic and lin-
guistic contact.13 With the Pacific Ocean and Coastal Range to the
west, the imposing Sierra NevadaMountains on the east, andmuch
travel outside of the Central Valley funneled through rugged river
valleys and canyons, the physical location of the Yokuts languages
makes their communities likely hubs of contact among neighbor-
ing linguistic groups from all sides. In this case, the parallels be-
tween trade andWanderwörter may indicate shared linguistic and
economic history, but ultimately this may reflect not a necessary
link between trade and linguistic borrowing but rather the more
general conditioning of social contact in this region. In contrast,
some Australian trade networks may be shaped more by custom-
ary partnerships that evolve throughout history than by physical

13 However, McCarthy (1939) quotes contemporary ethnographic sources for
Queensland (e.g. Roth) in which trade pathways are likewise strongly constrained,
if not strictly by geography then by custom. However, McCarthy also describes the
importance of local barter systems, which have a less formal network structure
and are less clearly defined than either the regional networks or the continent-
wide highways, such as that characterized by the pearlshell network in Fig. 5 above.
This may explain at least some of the variation between the Australian and North
American areas.

Asia before Colonial Times František Kratochvíl41



REFERENCES
Bellwood, Peter and Eusebio Dizon 2008. Austronesian cultural origins : out of Taiwan, via the Batanes Islands, and onwards to 
western Polynesia. In Sanchez-Mazas, Alicia (ed.). Past human migrations in East Asia: matching archaeology, linguistics and 
genetics. London: Routledge.
Bellwood, Peter. 2011. Holocene population history in the Pacific Region as a model for worldwide food producer dispersals. Current 
Anthropology. 52: S363-S378.
Fortunato L., and Jordan F. 2010. Your place or mine? A phylogenetic comparative analysis of marital residence in Indo-European and 
Austronesian societies. Philosophical Transactions of the Royal Society B: Biological Sciences. 365 (1559): 3913-3922.
Gray, Russell D. & Fiona M. Jordan. 2000. Language trees support the express-train sequence of Austronesian expansion. Nature 405, 
1052-1055.
Fox, James J. 1993. Inside Austronesian houses: perspectives on domestic designs for living. Canberra: ANU E Press.
Groves, Colin P. 2006. Domesticated and Commensal Mammals of Austronesia and Their Histories. In Peter Bellwood (ed). The 
Austronesians: historical and comparative perspectives. 161-173. Canberra: ANU E Press.
Horridge, Adrian. 2006. The Austronesian Conquest of the Sea — Upwind. In Peter Bellwood (ed). The Austronesians: historical and 
comparative perspectives. 143-160. Canberra: ANU E Press.
Jordan F.M., Mace R., Gray R.D., and Greenhill S.J. 2009. Matrilocal residence is ancestral in Austronesian societies. Proceedings of 
the Royal Society B: Biological Sciences. 276 (1664): 1957-1964.
Ko, A. M. S., Chen, C. Y., Fu, Q., Delfin, F., Li, M., Chiu, H. L., ... & Ko, Y. C. (2014). Early Austronesians: into and out of Taiwan. 
The American Journal of Human Genetics, 94(3), 426-436.
Lansing, J. Stephen, Murray P. Cox, Therese A. de Vet, Sean S. Downey, Brian Hallmark, and Herawati Sudoyo. 2011. An ongoing 
Austronesian expansion in Island Southeast Asia. Journal of Anthropological Archaeology. 30 (3): 262-272.
Marck, Jeff. 2008. Proto Oceanic Society was Matrilineal. The Journal of the Polynesian Society. 117 (4): 345.
Mona, Stefano, Katharina E. Grunz, Silke Brauer, Brigitte Pakendorf, Loredana Castrái, Herawati Sudoyo, Sangkot Marzuki, et al. 
2009. Genetic Admixture History of Eastern Indonesia as Revealed by Y-Chromosome and Mitochondrial DNA Analysis. Molecular 
Biology and Evolution. 26 (8): 1865-1877.
Rolett, B. V., Zheng, Z., & Yue, Y. (2011). Holocene sea-level change and the emergence of Neolithic seafaring in the Fuzhou Basin 
(Fujian, China). Quaternary Science Reviews, 30(7), 788-797.
Sather, Clifford. 2006. Sea Nomads and Rainforest Hunter-Gatherers: Foraging Adaptations in the Indo-Malaysian Archipelago. In 
Peter Bellwood (ed). The Austronesians: historical and comparative perspectives. 245-285. Canberra: ANU E Press.

Asia before English František Kratochvíl42


