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The onset of plant cultivation is one of the most important cultural transitions in
human history1–4. Southwestern Amazonia has previously been proposed as an early
centre of plant domestication, on the basis of molecular markers that show genetic
similarities between domesticated plants and wild relatives4–6. However, the nature of
the early human occupation of southwestern Amazonia, and the history of plant
cultivation in this region, are poorly understood. Here we document the cultivation of
squash (Cucurbita sp.) at about 10,250 calibrated years before present (cal. yr bp),
manioc (Manihot sp.) at about 10,350 cal. yr bp and maize (Zea mays) at about
6,850 cal. yr bp, in the Llanos de Moxos (Bolivia). We show that, starting at around
10,850 cal. yr bp, inhabitants of this region began to create a landscape that ultimately
comprised approximately 4,700 artificial forest islands within a treeless, seasonally
flooded savannah. Our results confirm that the Llanos de Moxos is a hotspot for early
plant cultivation and demonstrate that—ever since their arrival in Amazonia—humans
have markedly altered the landscape, with lasting repercussions for habitat
heterogeneity and species conservation.

Recent genetic and archaeological evidence suggests the existence
of at least four independent centres of domestication in the early
Holocene epoch, two in the Old World (Near East and China) and two
in the New World (southwestern Mexico and northwestern South
America)1. However, the closest wild ancestors of several globally
important domesticated cultigens occur in southwestern Amazonia.
These include Manihot esculenta subsp. flabellifolia, the wild ancestor
of manioc (Manihot esculenta)7; Cucurbita maxima subsp. andreana,
the wild ancestor of the squash (Cucurbita maxima subsp. maxima)8;
peach palm (Bactris gasipaes)9; Canavalia piperi, the wild ancestor of
jack bean (Canavalia plagiosperma)4; and Capsicum baccatum var.
baccatum, the wild ancestor of chili peppers (Capsicum baccatum var.
pendulum)10. This suggests that southwestern Amazonia could be a fifth
early Holocene centre of domestication. However, with the exception of
Calathea sp. phytoliths that possibly represent lerén (Calathea alluoia)
(which have recently been documented in the upper Madeira basin11),
archaeological evidence has not been found for early plant cultivation
in southwestern Amazonia. Our research fills this gap with data from
61 archaeological sites—which we refer to as ‘forest islands’12–14, because
they now occur as patches of forest surrounded by savannah—dated
to the early and mid-Holocene epoch.

Mapping of forest islands
We used remote-sensing data to map 6,643 forest islands in the Llanos de
Moxos. The average size of forest islands is 0.5 ha (minimum of 0.05 ha and
maximum of 16 ha; s.d. 0.65 ha). We surveyed 82 of these forest islands,
which represents about 1.2% of all sites. We took column sediment samples

from all of the surveyed sites, and carried out archaeological excavations
in four. We classified 64 out of 83 (the 82 sites we sampled, plus Monte
Castelo in Brazil14) sites as anthropic on the basis of the presence of deep
dark sediments rich in organic matter, charcoal and burned earth that
were frequently associated with shell and bone fragments (Fig. 1). The
forest islands that we surveyed are between about 0.5 m and 3 m high.
The weighted proportion of anthropic versus natural sites suggests the
existence of at least 4,700 anthropic forest islands in the Llanos de Moxos
(Extended Data Fig. 1). This is probably far fewer than the original number
built in the early and mid-Holocene epoch, as during the transition to
the late Holocene epoch most of the rivers in the southwestern part of
the Llanos de Moxos became very active; many of the pre-existing soils
and potential archaeological sites were covered by alluvial deposits—
sometimes up to 5-m thick15. This explains the modern distribution of
forest islands and why 48% of the 6,643 forest islands we mapped are
concentrated in a relatively small area in the northwestern Llanos de
Moxos (Extended Data Fig. 1), where the landscape did not change notably during this period. Most of the anthropic forest islands are located
in interfluvial settings covered by seasonally flooded savannahs; they
account for an estimated 24 km2 of forested area and, in aggregate, their
circumferences comprise around 1,000 km of forest–savannah ecotone.
Sixty-six accelerated mass spectrometry 14C dates from 31 archaeological sites (Supplementary Table 1) bracket the human occupation
of forest islands throughout the Holocene epoch to between about
10,850 and 2,300 cal. yr bp. The dated sites—except for three sites in
the northeastern Llanos de Moxos, two of which are dated to 2,350 cal.
yr bp and one to 4,100 cal. yr bp—were established between the early
and mid-Holocene epoch.
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Fig. 1 | Forest islands mapped in the Llanos de Moxos. The numbers associated
with middens are dates expressed in median cal. yr bp from the deepest
anthropic datable layer at each site (Extended Data Table 1). a, b, d, e, Areas that
were surveyed to estimate the total number of anthropic forest islands in the

Evidence of early plant cultivation
We analysed phytoliths from the radiocarbon-dated profiles of 30 forest
islands (Figs. 2, 3). The earliest evidence of Manihot is a heart-shaped
phytolith16 found at the Isla Manechi that is dated to about 10,350 cal. yr
bp; another phytolith from the Isla del Tesoro was dated to about 8,250 cal.
yr bp (Fig. 1). Scalloped, spherical phytoliths that derive from the rind of
Cucurbita sp. were identified in layers dated to about 10,250 cal. yr bp
(Isla Manechi) and about 9,850 cal. yr bp (site 575). We identified wavytop rondel phytoliths, which are produced in the cob of maize17, dated to
about 6,850 cal. yr bp (site 570) and about 6,700 cal. yr bp (site 421). We
detected the early presence of phytoliths from the rhizome of Calathea sp.
(a member of the Marantaceae) at around 8,275 cal. yr bp (Isla del Tesoro),
before about 7,800 cal. yr bp (site 433) and at approximately 7,400 cal. yr bp
(site FIN14). Other phytoliths—from Phenakospermum guyannense, Heliconia sp. as well as members of the Marantaceae and Cyperaceae—have
been found in almost all of the samples, starting from around 10,400 cal.
yr bp (Fig. 2, Extended Data Fig. 2). We identified phytoliths derived from
the seeds of Oryza sp. that dated to about 6,250 cal. yr bp (San Pablo), as
well as phytoliths from the epidermis of seeds of Celtis sp. from contexts
dated to around 9,600 cal. yr bp (site FIN8). Hat-shaped phytoliths, which
are diagnostic of the Arecoideae subfamily17 of the Arecaceae (palms), are
present at about 9,975 cal. yr bp (site 493). Peach palm (B. gasipaes), which
is a member of this subfamily, is the only palm to have been domesticated
in South America, and its domestication probably took place in southwestern Amazonia6. Bactris palms produce hat-shaped phytoliths, but do
not produce phytoliths that are diagnostic at the species level18. Bactris
spp., and other arecoid genera that grow today in the Llanos de Moxos
(Astrocaryum, Desmoncus, Geonoma and Socratea), are used for food,
building materials and medicine throughout present-day Amazonia19.
The size of the squash phytoliths that we recovered is well within the
range of those of the domesticated species (Extended Data Table 2), however, these phytoliths do not show an increase in size over time, as would
be expected for a species under domestication pressure17 (Extended
Data Table 2). The presence of domesticated Cucurbita sp. beginning at
2 | Nature | www.nature.com

Site FIN8

9,514 Celtis 9,582
4,522
7,745
4,925

Llanos de Moxos (Extended Data Fig. 1). c, Large-scale map, identifying the study
area (square) and Greater Amazonia (grey shaded area). The Andes is shown in
dark grey. Circles, round forest islands; crosses, irregular forest islands (see
‘Mapping of forest islands’ in the Methods for more detail). Scale bar, 200 km.

around 10,250 cal. yr bp (Isla Manechi) is—to our knowledge—the oldest
evidence for Cucurbita sp. in association with human activity in Amazonia, and coincides with the domestication of several species of Cucurbita
across Central20 and South America21,22 at the very beginning of the Holocene epoch. Further studies that analyse larger sample sizes are required
to determine whether the domesticated squash cultivated in the early
Holocene epoch was adopted in the Llanos de Moxos from other regions
or was domesticated in situ. Maize cob phytoliths were documented at
site 570 at about 6,850 cal. yr bp, which represents—to our knowledge—the
oldest evidence, by a few centuries, of maize cultivation in the Amazon
basin. As has previously been hypothesized23, the early maize found in this
(and other) areas probably represented a partially domesticated variety
that later diverged into two South American groups of fully domesticated
maize varieties. This early evidence of maize phytoliths is consistent with
a temporal gradient of maize dispersal that began in western Amazonia
and reached the eastern Amazon by around 4,300 cal. yr bp. The early use
of Manihot (as documented at Isla Manechi) in Llanos de Moxos began
more than 10,000 years ago, which coincides with the estimated time
for the molecular divergence of the domesticated species from its wild
ancestor and with the current biogeography of the closest wild ancestor
of manioc7,24. Manioc possibly spread later to northern Peru, Colombia
and Panama (where the earliest known evidence dates to 8,500 cal. yr bp,
7,000 cal. yr bp and 7,600 cal. yr bp, respectively)5, suggesting that the
bidirectional exchange of cultivars between Amazonia and the Andes
began in the early Holocene epoch. Our study shows that, as in other
regions of Amazonia and Central America, in the Llanos de Moxos the
development or arrival of full-blown agricultural societies was a very
late phenomenon9; there is no evidence of land prepared for agriculture
in the Llanos de Moxos until raised fields and drainage canals were built
around 1,500–1,000 years ago25.

The importance of starch-based foods
Palaeoecological studies indicate that the Llanos de Moxos was covered
by cerrado-like savannah during the early and mid-Holocene epoch15,
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Fig. 2 | Diagram showing the percentage of the most relevant phytolith
groups from anthropic forest islands. Dots indicate presence ≤ 1% (for more
details, see Extended Data Fig. 2, Extended Data Table 1). Asterisks denote

indicating that plant cultivation in the Neotropics started in shrub savannahs as well as seasonal tropical forest environments4. It does not come as
a surprise that phytoliths derived from plants that produce underground
storage organs—including Manihot, Calathea and other Marantaceae,
Heliconia, Cyperaceae and Phenakospermum—constitute an important part
of the total phytolith assemblages from the forest islands of the Llanos de
Moxos. These plants are abundant in savannahs and produce carbohydraterich foods that, with the exception of some varieties of manioc26, are easy to
process and cook. Today, they are consumed by indigenous groups19 and
they probably provided a considerable part of the calories consumed by
the first inhabitants of the Llanos de Moxos. The large herbivores and fish
available in the savannahs12,13 would have complemented a mixed economy.
The fertile forest islands were probably the home gardens in which these
crops were cultivated. Our data are consistent with the hypothesis that
plants that produce underground storage organs were a fundamental
part of the diet of human populations as they colonized new territories27,28.
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nondomesticated edible plants that are used as food resources today35.
Phytolith percentages are based on a minimum of 200 diagnostic phytoliths
counted per slide.

Implications for biodiversity
Our results show that inland savannahs were a key region for the early
occupation of the Neotropics, and that these savannahs began to be
transformed by the arrival of very early human settlers. Anthropic forest
islands are entirely artificial, and do not take advantage of pre-existing
landscape features. Their formation is not only an incidental effect
of food-waste dumping, but can also be seen as an active process of
niche construction29. These accumulative middens constituted fertility
hotspots amid poor savannah soils, because (i) they were loci for the
accumulation of nutrients that came from gathering activities in the
surrounding savannah and (ii) they remained above the water level
during the wet season12. It is only after 4,000 years bp, when the old
and infertile soils of the south of the Llanos de Moxos were covered
with fertile alluvium deposited by the Río Grande, that agriculture in
the savannahs was facilitated30. Overall, the early-to-mid-Holocene
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Fig. 3 | Photomicrographs of phytolith morphotypes recovered from Isla del
Tesoro, La Chacra and Isla Manechi. a, Wavy-top rondel from the cob of maize
(Z. mays) (sample code IT190-200). b, Heart-shaped phytolith from the
secretory cells of manioc (Manihot) (sample code BANR17-UE1-57). c, Scalloped
sphere from the rind of squash (Cucurbita sp.) (sample code BANR17-UE1-31).
d, Double-peaked glume from the seed of rice (Oryza sp.) (sample code SM3-116 s).
e, Flat domed cylinder from the rhizome of Calathea sp. (sample code
IT30-40). f, Short trough body from the rhizome of Heliconia sp. (sample code
IT130-140). g, Stippled polygonal body from the seed of a member of the
Cyperaceae (sample code IT150-170). h, Phytolith with nodular projections and
a pointed apex, from the seed of Marantaceae (sample code IT90-100).
i, Stippled plate from the fruit of a hackberry (Celtis sp.) (sample code
SM3-69-74). Scale bars, 20 μm.
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19.
20.
21.
22.
23.

construction of forest islands—which became key structures in the
landscape31,32—increased forest patchiness (Extended Data Figs. 3, 4a)
and probably contributed to maintaining landscape-scale species richness in this threatened biome, which is a wetland designated under the
Ramsar Convention (https://whc.unesco.org/en/ramsar/). Nowadays,
these anthropic forest islands are preferential feeding and roosting sites
for many species of birds, including the endemic and critically endangered blue-throated macaw (Ara glaucogularis)33. Taken together, our
data show that the earliest inhabitants of the Llanos de Moxos relied
not only on foraging but had also engaged in plant cultivation since
the early Holocene epoch, thus opening up the possibility that they
already had a mixed economy when they arrived in the region. The
thousands of keystone structures represented by forest islands show
that the human footprint on Amazonia is not restricted to large-scale
transformations by farming groups in late Holocene epoch9,34, but is
instead rooted in the earliest human dispersal into this region—and
has lasting implications for habitat heterogeneity and biodiversity
conservation.
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Methods
Standard sample size for phytolith studies of 200 diagnostic phytoliths
was used. The experiments were not randomized and investigators were
not blinded to allocation during experiments and outcome assessment.

Mapping of forest islands
Forest islands were mapped by visual scanning of the high-resolution
satellite imagery of Esri ArcGIS base maps (Extended Data Fig. 5). When
the identification of forest islands was not straightforward (owing to
cloud cover or poor resolution), TanDemX and SRTM (Shuttle Radar
Topography Mission) digital elevation models were used as complementary resources. Patches of forest were classified as forest islands
when they had a round shape and were completely or partially surrounded by savannah (n = 4,339); or they had an irregular shape but
were relatively small (<400 m in diameter) and completely surrounded
by savannah (n = 2,304). For each forest island, the following attributes
were recorded: diameter; shape (perfectly round, almost round, elongated or irregular); location (along a palaeochannel, along a modern
river, seasonally flooded savannah, border between seasonally flooded
savannah and upland, along a drainage stream, or upland surrounded by
bushes); presence of other earthworks within about 500 m; and whether
or not forest islands were established over fluvial deposits or uplands.
The latter attribute is partly redundant with location, but sometimes
fluvial deposits are not connected to palaeochannels (as in the case of
old crevasse splays or old meander belts in which palaeochannels have
been infilled) or the forest islands are located along a palaeochannel
with completely eroded levees and the forest islands have clearly been
built after the erosion of the levees.
Selection of survey areas
Four survey areas were selected in different regions of the Llanos de
Moxos to ground-truth the forest islands identified from remote-sensing imagery, and evaluate their natural or anthropic origin. The four
areas (Fig. 1) were selected on the basis of differences in soil, landcover,
hydrology and accessibility by car. These four areas cover all of the different eco-regions identified in the Llanos de Moxos36,37. These areas
belonged to organizations (as with area a (shown in Fig. 1a), which is
in the Barba Azul nature reserve) or ranchers (as with areas b, d and
e (shown in Fig. 1b, d, e, respectively)) who granted us permission to
conduct surveys. In total, we surveyed 21 forest islands in area a, 22 in
area b, 13 in area d, and 17 in area e. Nine other forest islands, found
outside of these four areas, were surveyed.
Criteria for the identification of anthropic forest islands
Several anthropic forest islands in the Llanos de Moxos have previously
been excavated12–14. These excavations have revealed thick strata of
sediments rich in organic matter, charcoal, burnt earth and fragmented
animal bones and shells; they also have revealed human burials. The
clear difference between the sediments found in the anthropic forest islands and the soil types found in the Llanos de Moxos38–41 makes
the field identification of forest islands relatively straightforward.
In the present work, the forest islands surveyed have been classified
as anthropic when thick layers of organic-rich sediments contained
at least two archaeological materials (such as charcoal, burnt earth,
animal bones or shells).
Sampling of forest islands
Sampling of undisturbed material was performed at regular intervals
in the four sites at which archaeological excavations were conducted:
Isla del Tesoro (site code SM1), La Chacra (site code SM3), San Pablo
(site code SM4) and Isla Manechi (Extended Data Fig. 6). The rest of
the sites were sampled using an auger soil sampler. The stratigraphy
of the recovered cores was described in the field, and sampling was
carried out only where stratigraphic changes were detected in the field

(Extended Data Fig. 7). The deepest sample with evidence of charcoal
was always sampled. After extraction, cores were inspected to avoid
contamination and check that the soil section that we sampled showed
no evidence of soil mixing (that is, root penetration and invertebrate
burrowing were absent). The excess of material was cut off with a knife
and only the inner, uncontaminated part of the extracted samples was
been stored in plastic bags. Samples were air-dried in Bolivia before
being shipped. Charcoal fragments for 14C dating were collected in situ,
enveloped in aluminium foil and stored in plastic bags.

Phytolith processing and identification
Phytoliths were extracted from sediments following previously published methods42. Phytoliths were identified and counted using a Zeiss
Axioscope 40 light microscope at 500× magnification. Phytolith identifications were made using published material for the Neotropics17,43–46
and by direct comparison with the phytolith reference collection of the
Archaeobotany and Palaeoecology Laboratory (Department of Archaeology, University of Exeter). A minimum of 200 diagnostic phytoliths
were counted per slide. A full scan of the slides was performed to detect
the presence of squash, manioc and maize. Phytolith assemblages
in southwestern Amazonia have been studied in modern soils46 and
29 palaeosols from the early and late Holocene epoch15 from different natural environments and land covers. Phytoliths of Manihot or
Curcubita have not been found in any of these natural contexts, which
strongly suggests that the phytoliths of these two genera found in forest islands are the direct result of human activity and not of the chance
occurrence of wild relatives on the forest islands.
Radiocarbon dates
The deepest recoverable sample of charcoal from 32 sites was dated
to establish the minimum date for the foundation of the site. For
the 4 sites that were excavated, 35 samples from different depths
were dated to establish periods of occupation and abandonment.
The complete dataset and code used to calibrate all of radiocarbon
dates are available in Extended Data Table 1 and the Supplementary
Information, respectively. Radiocarbon dates from the studied sites
were calibrated using SHCAL1347. For Isla del Tesoro, Isla Manechi and
La Chacra (for which stratigraphically ordered ages were available),
we ran a series of Bayesian age–depth models using the P_Sequence
command in OxCal 4.348 with default settings. Each model was stratigraphically constrained by the youngest age in the profile and the
deepest section reached in each site (Extended Data Fig. 8). The ages
of the undated samples were estimated using the command Date
within the model.
Reporting summary
Further information on research design is available in the Nature
Research Reporting Summary linked to this paper.

Data availability
All relevant data, including Source Data for Figs. 1, 2, are provided with
the paper.

Code availability
Code used for the calibration of the 14C dates in OxCal is available
in the Supplementary Information.
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Extended Data Fig. 1 | Estimated number of anthropic forest islands. The
number was estimated by extending the proportion of anthropic forest islands
in the surveyed areas (in green) to the portion of the Llanos de Moxos with

similar physical geography and land cover (polygons). Background image
represents the density of forest islands, calculated using the kernel density tool
in Esri ArcGIS.

Article

Extended Data Fig. 2 | Detailed percentage phytolith diagram for all of the samples analysed from anthropic forest islands. Asterisks denote
nondomesticated edible plants. Phytolith percentages are based on a minimum of 200 diagnostic phytoliths counted per slide.

Extended Data Fig. 3 | Map of all of the forest islands and platform fields in a
northwestern subset of the Llanos de Moxos. Platform fields are mostly built
along palaeochannels. The Omi and Yruyañez Rivers flow inside old channels of
the Beni River. Most forest islands are located in interfluvial areas. The region

contains a total of 2,428 patches of forest, 955 of which are forest islands. Once
all of the patches of forest within a 2-km buffer of a river, palaeoriver and lake
are removed, forest islands account for 60% of the remaining 1,191 patches.

Article

Extended Data Fig. 4 | Characteristics of forest islands. a, Photograph of the
anthropic landscape dotted with forest islands in the Barba Azul nature
reserve. b, Histogram showing the distribution of the diameter of forest
islands. The left side of the distribution is truncated at 25 m because smaller
forest islands have not been mapped. c, Photograph taken at site 579, a natural
forest island. Samples are taken every 10 cm, from top left (highest sample) to
bottom right (deepest sample). Material is silt with no organic matter.

d, Photograph taken at site 425, an anthropogenic forest island. The depth from
which the sample was taken is 140 cm. e, Photograph taken at site 430, an
anthropogenic forest island. The depth from which the sample was taken is
160 cm. Samples in d, e are representative of the whole profiles of sites 425 and
430, respectively (Extended Data Fig. 7). We obtained one core for each forest
island that we visited.

Extended Data Fig. 5 | Examples of surveyed forest islands as seen in highresolution satellite imagery from the Esri ArcGIS base map. a–f, Forest
islands classified as anthropic (a, Isla San Pablo (SM4); b, Isla Manechi; c,
site 575; d, Isla La Chacra (SM3); e, site FIN12; and f, Isla del Tesoro (SM1)).

g–i, Forest islands classified as natural (g, site FIN2; h, site FIN11; and i, site 529).
Source for the maps, ESRI, DigitalGlobe, GeoEye, Earthstar Georaphics and
CNES/Airbus DS.
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Extended Data Fig. 6 | Stratigraphic profile and sampling sites at Isla
Manechi. Charcoal fragments for accelerated mass spectrometry 14C dating
were collected during the excavation; yellow triangles indicate their depth.
Yellow squares indicate the locations of sediment samples that were analysed
for phytoliths; these were sampled after the excavation from the vertical
profile. The dashed line indicates the transition from the ceramic phase to the
pre-ceramic phase. This transition is characterized by a sharp increase in the

compactness of sediments and amount of burnt earth. Values in parentheses
are median cal. yr bp. A chronological gap of almost 4,500 years exists between
the two phases (Extended Data Table 1). All of these differences make it possible
to exclude any contamination of the pre-ceramic contexts with phytoliths that
come from the ceramic contexts. Descriptions of the archaeological
excavations at Isla del Tesoro (SM1), La Chacra (SM3) and San Pablo (SM4) have
previously been published13.

Extended Data Fig. 7 | Stratigraphic descriptions of cored sites. Radiocarbon dates are included in ovals as median cal. yr bp.
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Extended Data Fig. 8 | Age–depth models of the modelled profiles. a, b, Isla del Tesoro (SM1). c, Isla Manechi. d, e, Isla La Chacra (SM3). The age–depth models
have been produced using OxCal v.4.3; code is available in the Supplementary Information.

Extended Data Table 1 | Radiocarbon ages of all of the dated sites cited in the text, including provenience and calibrations

Stratigraphically ordered dated depths have been modelled using a Bayesian age–depth model (the P_Sequence of OxCal v.4.3). The modelled ages for samples BANR17-UE1-53 and
BANR17-UE1-64 have been calculated using the Date command. Code is available in the Supplementary Information.

Article
Extended Data Table 2 | Length and thickness range and average size of scalloped-sphere phytoliths identified in this study

Based on a previous study49, we consider scalloped spheres longer than 72 μm or thicker than 59 μm as coming from domestic varieties of Cucurbita sp.
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Forest Islands and per-Columbian earthworks have been mapped using ArcGIS pro 2.4
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Study description

Data are quantitative. The study includes mapping of landscape elements based on visual analysis of remote sensing data; sampling
of
forest islands; 14C of the FIs' samples; phytolith extraction and visual (microscope) analysis (counting of individual phytoliths) of FIs'
samples

Research sample

Samples are sediments cored on forest islands using an auger. In four cases (SM1, SM3, SM4 and Manechi) samples have been taken
from profiles exposed during archaeological excavations. Samples are representative for the whole region because the four areas we
surveyed cover all the different eco-regions identified in the Llanos de Moxos.

Sampling strategy

For archaeological excavations, samples have been taken from stratigraphic profiles at different depths. For the rest of forest islands,
samples have been analysed from the lowest (i.e. oldest) datable level. FIs have been chosen for sampling based on their location.
The two main criteria have been assuring the representativeness of the total population (by sampling 4 different regions) and
accessibility. The amount of FIs sampled was not per-determined. We sampled the maximum number of sites we could sample
within our logistic constraints.

Data collection

Samples have been taken with an auger. After extraction from the subsoil the excess of material has been cut off with a knife and
only the inner, uncontaminated part of the extracted samples have been stored in plastic bags. These have been air-dried in Bolivia
before being shipped. Charcoal fragments for 14C have been collected in situ, enveloped in aluminium foil and stored in plastic bags.
Field observations have been wrote down on a notebook. The researchers were aware of the study hypothesis at the time of
sampling.
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Field-specific reporting

Timing and spatial scale Sampling has been done in different field seasons for different sites. The totality of the samples have been taken in 2012, 2013, 2014,
2016 and 2017. Samples have been taken in the Beni department, Bolivia.

Data exclusions

We decided to discard the identification of maize based of statistical analysis of cross-shaped phytoliths in order to rely only on the
presence of wavy top rondel phytoliths. This exclusion was not pre-established. Maize can be identified using a discriminant function
on non diagnostic phytoliths (cross shaped) or by identifying diagnostic phytoliths (wavy rondel),as we did for the rest of cultivars.
Diagnostic pfytoliths are a direct evidence far more reliable than the discriminant function. The discriminant function on cross shaped
phytoliths indicate presence of maize in samples dated ca. 10.000 BP. It is almost impossible that maize was present in Bolivia 10k yrs
ago, as this would precede the time of its domestication in Mexico. It could be that in this particular context (Bolivian Amazon in the
early Holocene) some other plant produced maize-like cross-shaped phytoliths which affected our discriminant analysis. In the early
contexts we did not find the diagnostic wavy-top rondels phytoliths derived from the maize glumes which were found in the other
later samples. This need more research and we plan to further investigate this issue.

Reproducibility

The experiments consisted in counting a standard number (200) of diagnostic phytoliths. This number is considered sufficient to be
representative of the sample, therefore it is not standard practice to repeat the counting.

Randomization

Sampling was not completely random because we choose the forest islands also based on their accessibility and ownership of the
land. However, none of these criteria affect the representativeness of our sample.

Blinding

Sampling was not blind because we sampled soil and subsoil, so we knew the origin of each sample. In the lab samples where coded
with numbers. Sample extraction and phytolith counting was blind because the origin of the sample was unknown during these steps.

Did the study involve field work?

Yes

No

Field work, collection and transport
Sampling has always being performed during the dry season, between July and September. No forest islands has been sampled
while raining.

Location

Fieldwork took place in the Beni department, Bolivia. The area surveyed is enclosed in a square area: up right corner lat -13° Lon
-67°; down left corner Lat -15.5°; Lon -63.5°. Average elevation 180 ma s l. All sampling was performed on land.

Access and import/export

Field sites have been accessed with the permission of the land owner. Authorizations have been obtained by the Bolivian
Ministry of Cultures and Tourism (UDAM 017/2012, UDAM 027/2013, 019/2014, UDAM 006/2015, UDAM 071/2017) and by the
Beni Autonomous Government (08/08/2013, DDT 64-A/2014 and DDT 138/2017).
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Field conditions
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Forest islands were accessed by walking. Cores were taken with a manual auger with a 5 cm diameter, archaeological excavation
were performed with manual tools, minimizing noises and impact on local fauna. The excavation pits were refilled with the
excavated sediments in order to restore the aspect of the sites previous to the excavation.

Reporting for specific materials, systems and methods
Materials & experimental systems

Methods

n/a Involved in the study

n/a Involved in the study

Unique biological materials

ChIP-seq

Antibodies

Flow cytometry

Eukaryotic cell lines

MRI-based neuroimaging
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