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New genetic and archaeological approaches have substantially
improved our understanding of the transition to agriculture, a
major turning point in human history that began 10,000-5,000
years ago with the independent domestication of plants and
animals in eight world regions. In the Americas, however, under-
standing the initial domestication of New World species has long
been complicated by the early presence of an African enigma, the
bottle gourd (Lagenaria siceraria). Indigenous to Africa, it reached
East Asia by 9,000-8,000 before present (B.P.) and had a broad New
World distribution by 8,000 B.P. Here we integrate genetic and
archaeological approaches to address a set of long-standing core
questions regarding the introduction of the bottle gourd into the
Americas. Did it reach the New World directly from Africa or
through Asia? Was it transported by humans or ocean currents?
Was it wild or domesticated upon arrival? Fruit rind thickness
values and accelerator mass spectrometer radiocarbon dating of
archaeological specimens indicate that the bottle gourd was
present in the Americas as a domesticated plant by 10,000 B.P.,
placing it among the earliest domesticates in the New World.
Ancient DNA sequence analysis of archaeological bottle gourd
specimens and comparison with modern Asian and African land-
races identify Asia as the source of its introduction. We suggest
that the bottle gourd and the dog, two “utility” species, were
domesticated long before any food crops or livestock species, and
that both were brought to the Americas by Paleoindian popula-
tions as they colonized the New World.

ancient DNA | archaeology | bottle gourd | domestication

I nnovative approaches in genetics and archaeology continue to
provide substantial new information regarding the origins of
agriculture and the independent domestication of different
species of plants and animals between 10,000 and 5,000 years ago
in at least eight separate regions of the world (1-4). Not
surprisingly, as they come into clearer focus, the developmental
histories of each of these independent centers of domestication
are turning out to be far more complex and nuanced than
previously thought. Here we consider one of these imbedded
complexities, the consistent occurrence of the bottle gourd
(Lagenaria siceraria), an Old World plant, in close association
with the earliest indigenous New World domesticates. In the
process of answering basic questions regarding the early presence
of this African plant in the Americas, we reach a number of
unexpected conclusions regarding the cultural, environmental,
and temporal contexts of initial human domestication of plants
and animals.

The bottle gourd has been grown worldwide for thousands of
years, usually not as a food source, but for the value of its strong,
hard-shelled, and buoyant fruits, which have long been prized as
containers, musical instruments, and fishing floats (5). This
lightweight “container crop” would have been of particular
importance to human societies before the advent of pottery and
settled village life. Along with the five wild perennial species that
also belong to the genus Lagenaria, the bottle gourd has long
been recognized as being indigenous to Africa (5, 6). Until the
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recent discovery and morphological and genetic characterization
of awild population of L. siceraria in Zimbabwe (7), however, the
bottle gourd had only ever been adequately documented as a
domesticated plant.

Morphological and genetic differences between present-day
African and Asian bottle gourd cultivars are substantial enough
to sustain the designation of two subspecies, Lagenaria siceraria
ssp. siceraria and L. siceraria ssp. asiatica, suggesting an ancient
eastward diffusion of the species out of Africa and the subse-
quent genetic isolation of African and Asian subgroups (5, 6,
8-10). The modes of diffusion of the bottle gourd out of Africa
remain unknown, but the buoyant fruits of domesticated plants
have been shown to yield still-viable seeds after floating in sea
water for more than 7 months (11), and early diffusion of the
species by ocean currents has frequently been suggested. Bottle
gourd has been documented in archaeological contexts in China
and Japan dating to 8,000-9,000 before present (B.P.) (12),
providing a conservative time-certain framework for the pan-
tropical spread of the species across Asia, while leaving unre-
solved its actual antiquity, routes, and mechanisms of dispersal.

Charles Pickering’s discovery of bottle gourds in Peru in the
1840s (13, 14) extended these questions of the timing, routes, and
mechanisms of the plant’s global diffusion to include the Amer-
icas, and a complete spectrum alternative explanations, Asia vs.
Africa, wild vs. domesticated, and ocean current vs. human-
mediated have subsequently been proposed (15): i.e., the bottle
gourd was carried from Africa to the New World by ocean
currents (6, 14-16), by a boatload of African fishermen (17), by
ocean currents from Asia (16), or perhaps by boat (14, 16, 18).
Because of observed morphological similarities between
present-day bottle gourds grown in Africa and the Americas, a
substantial majority of researchers writing on the topic over the
past 150 years have formed a consensus that L. siceraria reached
the Americas by ocean currents directly from Africa.

Because of its Old World origins and equivocal status as a
domesticate, L. siceraria has long been a difficult and unresolved
aspect of initial plant domestication and the origins of agricul-
ture in the Americas. Here we address the complex and long-
standing set of questions that surround the initial arrival and
early history of this plant in the New World via an interdisci-
plinary approach involving direct accelerator mass spectrometer
(AMS) radiocarbon dating, morphological analysis, and ancient
DNA (aDNA) sequencing of bottle gourd rind fragments re-
covered from early archaeological contexts in South America,
Mexico, and the eastern United States. This combined analysis
provides independent, complementary lines of evidence that
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Fig. 1. The archaeological sites that yielded bottle gourd rind samples
included in the presentstudy, and direct AMS radiocarbon age determinations
(calibrated calendar years) obtained on the samples.

together offer new and unexpected insights regarding the cul-
tural, environmental, and temporal contexts of the initial human
domestication of this species.

The Temporal Context of Arrival and Early Dispersal
L. siceraria in the Americas

To establish a more accurate time frame for the initial arrival and
subsequent early dispersal of the bottle gourd in the New World,
we obtained direct AMS radiocarbon dates on bottle gourd rind
fragments recovered from archaeological sites in Peru, Mexico,
and eastern North America (Fig. 1 and Table 1). All of the
specimens included in the study exhibit the distinctive cross-
section cellular structure and phytolith morphology diagnostic
for bottle gourd (19, 20). Detailed documentation and prove-
nience information for archaeological rind fragments and the
criteria used for their taxonomic identification is provided in
Supporting Text, which is published as supporting information on
the PNAS web site.

Bottle gourd rind fragments and seeds are rarely recovered
from pre-4,000 B.P. archaeological contexts in the Americas; the
samples included in the present study from Windover, Florida
(21), Guild Naquitz Cave, Mexico (19), Quebrada Jaguay, Peru
(22), and Coxcatlan Cave, Mexico (23) represent the six oldest
specimens recovered to date from the Western Hemisphere and
confirm early Holocene temporal placement of this species in the
New World. Interestingly, in both eastern North America and
Mexico, this Old World plant was recovered in close association
with the earliest occurrence of the first New World domesticate
documented to date for those regions, Cucurbita pepo squash. In
Mexico, at Guild Naquitz, the bottle gourd appears in the same
occupational deposits and essentially contemporaneously with
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the earliest documented domesticated food plant (C. pepo) (19).
In eastern North America, bottle gourd rind fragments were
similarly recovered in close archaeological and temporal asso-
ciation with the earliest occurrence of a local domesticate (C.
pepo) (24). Bottle gourd has also been recovered, however, from
8,000 B.P. contexts at the Windover site in Florida, a full 3,000
years earlier than the first evidence of a locally domesticated
food crop (21). In South America, in contrast, the bottle gourd
rind fragments from Quebrada Jaguay are not as early as
currently available evidence for domesticated species of Cucur-
bita squash (25). Although patterns and rates of subsequent
dispersal remain to be mapped in detail, the early occurrence of
bottle gourd in the central highlands of Mexico, the Pacific coast
of South America, and the Atlantic coast of Florida indicates
widespread dispersal of the plant across 40° of latitude by
8,000 B.P.

Morphological Evidence for Domestication in the Bottle Gourd

When humans begin to harvest, store, and plant seeds over a
sustained period, they unconsciously, inadvertently, create a new
and distinctive selective environment to which the target plant
populations under their management adapt through genetic and
morphological change. The morphological changes associated
with this adaptive syndrome of domestication are well under-
stood and well described, and they provide a standard set of
criteria for distinguishing wild from domesticated seed plants in
the archaeological record (26). Morphological changes that
distinguish domesticated plants from their wild relatives can also,
of course, be the result of deliberate and sustained human
selection for desired traits.

For these morphological markers, both deliberate and auto-
matic, to be used in the identification of domesticates in archae-
ological plant assemblages, a standard baseline of comparison is
needed, and it usually involves modern specimens of the wild
ancestor taxon that gave rise to the domesticated plant in
question. Until very recently, any effort to establish whether a
bottle gourd rind fragment recovered from an archaeological
context represented a wild or a domesticated plant was seriously
hampered by the absence of any well documented modern wild
bottle gourd populations that could be used as a basis of
comparison (5, 14, 23). The recent discovery and description of
a wild population of L. siceraria in southern Africa (7), however,
resolve this long-standing problem, and for the first time pro-
vides a comparative morphological baseline for distinguishing
wild vs. domesticated bottle gourd in archaeological contexts.

When compared with the modern wild L. siceraria gourds
recently documented in Zimbabwe, all of the archaeological
specimens included in the present study exhibit a distinctive
morphological difference, a substantial increase in fruit rind
thickness and associated fruit durability (Table 1). Such a
marked increase in rind thickness reflects a loss of natural seed
dispersal mechanisms, which is one of the most important
adaptive responses by target populations of seed plants to a new
human-created environment and is also one of the markers of
domestication most likely to be visible in the archaeological
record. Loss of natural seed dispersal mechanisms is also
considered perhaps the strongest single criterion for recognizing
domestication in seed plants, because it reflects an inability on
the part of the domesticated plant to successfully reproduce
without the active and sustained intervention of humans in the
planting of stored seed stock.

Although no detailed rind thickness measurements of the
modern wild L. siceraria population are yet available, a clear
description of a brittle and rapidly disintegrating exocarp is
provided for the Zimbabwe population: “Once dry, the rind was
not durable as is typical of L. siceraria. Instead, the exocarp
became very thin, was easily cracked, and ultimately disinte-
grated after several years” (7). Rind thickness values from other
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