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Abstract: Most native Amazonian crops were domesticated in the periphery of the basin. The upper Madeira River basin is an
important part of this periphery where several important crops were domesticated and others are suspected to have
been domesticated or arrived early. Some of these crops have been reasonably well studied, such as manioc, peanut,
peach palm, coca and tobacco, while others are not as well known, such as the hot peppers Capsicum baccatum and
C. frutescens, and still others need confirmation, such as cocoyam and annatto. We review the information available for
manioc, peach palm, Capsicum, peanut, annatto and cocoyam. The state-of-the-art for Capsicum frutescens, annatto and
cocoyam is insufficient to conclude definitively that they were domesticated in the upper Madeira, while all the others
have at least one of their origins or centers of diversity in the upper Madeira.
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Resumo: A maioria dos cultivos nativos da Amazénia foi domesticada na periferia da bacia. A bacia do alto rio Madeira é uma
parte importante dessa periferia, onde se suspeita que varios cultivos importantes foram domesticados, alguns sdo
confirmados e outros possivelmente chegaram ha muito tempo na regido. Alguns destes cultivos foram razoavelmente
bem estudados, tais como mandioca, amendoim, pupunha, coca e tabaco, enquanto outros ndo sdo tao bem conhecidos,
como as pimentas Capsicum baccatum e C. frutescens, e ainda outros precisam de confirmagdo, como taioba e urucum.
Revisamos as informacdes disponiveis para a mandioca, pupunha, Capsicum, amendoim, urucum e taioba. O estado da
arte de Capsicum frutescens, urucum e taioba € insuficiente para concluir definitivamente que eles foram domesticados no
alto rio Madeira, enquanto todos os outros tém pelo menos uma das suas origens ou centros de diversidade na regido.
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INTRODUCTION

The Madeira River drains a large portion of southwestern
Amazonia, with a complex of headwater rivers that arise
either in the Andes, hence with sediment-rich ‘white’
waters, or the western edge of the Brazilian shield,
with sediment-poor ‘clear’ or ‘black’ waters. Soils vary
from nutrient-rich volcanic soils in the foothills to less
nutrient-rich Ultisols in the main basin, with nutrient-
rich floodplain soils along the white-water rivers. In the
upper basin, vegetational types vary from closed canopy
humid forests, to open canopy sub-humid forests, to
scrub forests to savanna, with the Llanos de Mojos an
especially important part of the region. This ecological
complexity offered numerous useful plants to arriving
hunter-gathers (Lombardo et al., 2013), some of which
were domesticated in various parts of the upper basin
over the next millennia.

The arrival of humans in lowland South America
may have occurred as early as 20,000 years before
present (BP) (Lahaye et al., 2013), but surely by 13,000
BP (Roosevelt, 2013). Pre-ceramic societies occupied
the area of Porto Velho, Rondénia, as early as 12,000 BP
(Miller, 1992a), Lombardo et al. (2013) report initially pre-
ceramic shell mounds in the Llanos de Mojos, lowland
Bolivia, dated to 10,600 BP and Neves et al. (2015) are
excavating a similar mound along the Guaporé River,
Ronddnia, so we can accept early occupation of the
upper Madeira River basin as confirmed. This is important
because some of the species that originated there may
have started to be domesticated in this time frame.
The first still pre-ceramic societies that were sedentary
enough to generate terra preta de indio, or Amazonian
Dark Earths, appeared by 4,800 BP along the Jamari
River, not far from Porto Velho (Miller, 1992b), and
along the Guaporé River (Neves et al., 2015) (Figure 1).
Over the next millennia the upper Madeira River basin
became the home of numerous complex societies who
were responsible for various kinds of earthworks (raised
fields, habitation mounds, geoglyphs, dike and canals etc.)

(Dickau et al., 2012) and spoke numerous languages
(Eriksen, 2011). The upper Madeira is the homeland
of Tupi (Eriksen and Galucio, 2014) and is adjacent to
the probable origin of Arawak in the upper Purus River
(Walker and Ribeiro, 2011; Eriksen and Danielsen, 2014),
the two most expansive language families of South
America. The archaeobotany of the region is just starting
to be explored with modern methods (Dickau et al.,
2012; Whitney et al., 2014; Watling et al., 2015), although
the species we will examine are seldom reported to date.
Better preservation occurs along the dry Pacific coast of
Peru, where many of these species are reported quite
early (Pearsall, 1992).

The periphery of Amazonia appears to be where the
majority of Amazonian crops were domesticated (Clement
et al., 2010). The upper Madeira River basin, hereafter
upper Madeira, is an important part of the periphery and
has been recognized as a probable or confirmed region
of crop origins for some time, e.g., Piperno and Pearsall
(1998; see also Piperno, 2011), who mentioned two hot
peppers (Capsicum baccatum, C. pubescens), three legume
seeds (Arachis hypogaea, Canavalia plagiosperma, Phaseolus
vulgaris), and cocoyam (Xanthosoma sagittifolium). The
Andean foothills and immediately adjacent lowlands of
the upper Madeira also provided important drugs, e.g.,
coca (Erythroxylum coca; Plowman, 1984) and tobacco
(Nicotiana tabacum; Gerstel and Sisson, 1995). The
major root crop of Amazonia, manioc (Manihot esculenta)
was confirmed to have originated in the upper Madeira
(Schaal et al., 2006) and new information suggests the
same for peach palm (Bactris gasipaes) (Cristo-Araujo et
al., 2013). Clement et al. (2010) had modified Schultes’
hypothesis (1984) about annatto (Bixa orellana) having
originated in Acre to include the upper Madeira, since
wild annatto is found frequently in Rondénia (Moreira et
al., 2015); however, these authors did not confirm the
upper Madeira as the origin.

Over the millennia between crop origins and

European conquest, crops were dispersed from the upper
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Figure 1. Map of the upper Madeira River basin in southwestern Amazonia, highlighting known earthwork areas and other archaeological
sites (extracted from Clement et al., 2015, with assistance from André Braga Junqueira, Wageningen University).

Madeira as far as Mexico, e.g., manioc, peanut, tobacco
and annatto (Brown, 2010), and others arrived from there,
e.g., maize (Zea mays) (Piperno, 2011), and elsewhere.
At the time of European conquest, the complex societies
of the Llanos de Mojos and adjacent areas of the upper
Madeira cultivated numerous crops and certainly managed
hundreds of species, leading Clement (1999) to propose a
micro-center of diversity of crop genetic resources in the
Llanos de Mojos (Clement et al., 2010). A micro-center
is a geographically restricted area with an abundance of
crop genetic resources used in both agroecosystems and
in other domesticated landscapes. In this contribution we
will review principally the genetic evidence, but also some
morphology, biogeography and ethnography, for manioc,

peach palm, Capsicum peppers, especially C. baccatum
and C. frutescens, cocoyam and annatto, some of which
originated in the upper Madeira and others of which were
produced there before European conquest.

MANIOC

Manioc (Manihot esculenta Crantz, Euphorbiaceae) is
grown throughout the tropics, and it is the primary source
of carbohydrates for about 800 million people (Lebot,
2009). The origin of manioc as a crop has long been
debated; it was once considered a cultigen (without a wild
conspecific ancestral population) and was thought to have
originated from a series of introgression events among wild
species (Rogers and Appan, 1973). Based on phenotypic
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traits, Allem (2001) proposed that manioc consists of three
subspecies: Manihot esculenta ssp. esculenta (cultivated
form), M. esculenta ssp. flabellifolia (the closest wild relative)
and M. esculenta ssp. peruviana (probably not involved in
manioc domestication). Together with M. pruinosa, these
form the primary gene pool of manioc.

The relationships among cultivated varieties of manioc
and wild populations of M. esculenta ssp. flabellifolia and M.
pruinosa were investigated with three different molecular
markers [sequencing of the nuclear gene glyceraldehyde
3-phosphate dehydrogenese (G3pdh; Olsen and Schaal,
1999), Simple Sequence Repeats (Olsen and Schaal, 2001),
and Single Nucleotide Polymorphisms (Olsen, 2004)]. In
all cases, the genetic variability found in cultivated manioc
is a subset of the genetic variability found in the populations
of ssp. flabellifolia that occur in and adjacent to the upper
Madeira (Schaal et al., 2006). These genetic results strongly
suggest that manioc was domesticated only once from ssp.
flabellifolia populations occurring in the upper Madeira of
Mato Grosso and Rondénia states, and adjacent areas in the
upper Purus and upper Jurua Rivers, Acre state, Brazil, and
certainly in adjacent areas of Bolivia that were not sampled.

Divergent selective pressures gave origin to the two
major groups of currently cultivated varieties: “sweet”
manioc and “bitter” manioc (Muhlen et al., 2000; Elias
et al., 2004). Sweet varieties have low amounts of
cyanogenic glycosides (< 100 ppm fresh weight) and can
be safely consumed with simple processing (cooking or
sometimes even raw). On the other hand, bitter varieties
have large amounts of cyanogenic glycosides (> 100 ppm
fresh weight) and demand considerable detoxification
and processing before consumption. Although this
classification is dichotomous, continuous variation among
manioc varieties and related wild species is observed,
suggesting that sweet and bitter manioc are derived
from an ancestor with intermediate toxicity (McKey
and Beckerman, 1993). However, populations of ssp.
flabellifolia in the interfluve between the central Guaporé
River and the upper Machado River, in Ronddnia, centrally

located in the center of origin of domestication, are toxic
(Perrut-Lima et al., 2014).

New data on the patterns of the distribution of
genetic variation of the largest sweet and bitter manioc
Brazilian sampling casts new light on the diffusion of the
crop after its initial domestication (Muhlen et al., 2013).
Although this study lacks manioc samples from the center
of origin in Ronddnia, the two major groups of cultivated
manioc showed somewhat different patterns of diffusion
across Brazilian ecogeographic regions. Sweet manioc
appears to have diffused first from the center of origin,
while bitter manioc appears to have originated later in a
more central area of Amazonia, as hypothesized by Arroyo-
Kalin (2010). Curiously, the Native Amazonians who first
considered manioc to be important enough to have a
name that can be reconstructed today were the Southern
Arawak, of the Peruvian Amazonian lowlands in the upper
Ucayali River, whose name for manioc reconstructs to
4,400 BP (Brown et al., 2013a), while the Tupi, who are
closer to the origin in the eastern upper Madeira, are later
(3,500 BP). However, manioc is thought to have originated
as a domesticate much earlier; probably by 10,000 BR, given
early archaeological finds in northwestern South America
by 8,500 BP (Isendahl, 2011), which eliminates the Arawak
as the original domesticators.

PEACH PALM

The peach palm (Bactris gasipaes Kunth, Palmae) is the
only Neotropical palm with domesticated populations
(Clement, 1988). It may have been selected initially for its
wood, preferred for tool making, and later for its abundant
oily fruits, and finally for starchiness in the fruits, making
them good for fermentation (Clement et a/., 2009a). The
species presents considerable morphological and genetic
variability in its wild and cultivated populations, due to
adaptation to different environments and different stages
of domestication, respectively. Thousands of years of
domestication have resulted in landraces, each of which
has common morphological, chemical and productive
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characteristics due to a common genetic origin (Mora
Urpietal., 1997). These landraces are widely distributed
in the humid Neotropics, especially Amazonia.

Throughout the 20th century, peach palm was
considered a cultigen, with no wild ancestor. The revision
of Bactris (Henderson, 2000) gathered all cultivated
populations of peach palm into var. gasipaes and all wild
populations (previously identified as species) into var.
chichagui (H. Karsten) Henderson, permitting phylogenetic
hypotheses that can be tested with genetic tools. Within
var. chichagui Henderson proposed three types, examined
in detail by Clement et al. (2009b), who proposed that
type 3 is not truly wild, but is the incipient domesticate.

There is considerable speculation about the
origin of the founder event(s) that lead to domesticated
peach palm populations, with three hypotheses under
consideration until recently: a) a single domestication
event in southwestern Amazonia (Clement, 1995), with
some morphological (Ferreira, 1999) and molecular
(Random Amplified Polymorphic DNA, a dominant marker;
Rodrigues et al., 2004a) evidence, and the sympatry of
one wild type (type 1) and the incipient domesticate (type
3); b) a single domestication event in northwestern South
America, with archaeological coincidences (Morcote-Rios
and Bernal, 2001), but with the occurrence of the incipient
domesticate (type 3); and c¢) multiple domestication
events in the distribution of the wild type 1 and the
incipient domesticate (type 3), with coincidences in
common SSR allele frequencies between var. chichagui
and var. gasipaes in some localities (Mora-Urpi, 1999;
Hernandez-Ugalde et a/., 2008, 2011).

Several genetic studies have been conducted over
the last decade to understand the great genetic variability
within and among landraces, and are reviewed in
Clementet al. (2010). During the last decade, numerous
microsatellite primers were developed and tested
(Martinez et al., 2002; Billotte et al., 2004; Rodrigues et
al., 2004b). Four of the first set were used to examine

relationships among seven wild and eleven cultivated

populations (Hernandez-Ugalde et a/., 2008, 2011).
Unfortunately, they did not analyze the cultivated and wild
populations separately, and created a neighbor-joining
dendrogram from Nei's minimum genetic distance, which
they interpreted as showing three domestication events,
even though the topology of the dendrogram was not
much different from the first RAPD study (Rodrigues et
al., 2004a). Although quite intriguing, the small number
of microsatellites does not permit much precision.

A study by Reis (2009) examined the relationships
within the landrace complex represented in the newly
created core collection (Cristo-Aratjo et al., 2015),
which has 40 accessions, with 17 microsatellite loci. This
analysis used the program Structure (Pritchard et al.,
2000) to revalidate landraces and Nei's (1978) genetic
distance to create a neighbor-joining dendrogram, which
was quite similar to the first and subsequent RAPD
dendrograms (Rodrigues et al., 2004a; Cristo-Aradjo et
al., 2010), as well as the first microsatellite dendrogram
(Hernandez-Ugalde, 2005). The analyses with nuclear
microsatellites confirmed previous analyses that showed
a deep split between the eastern Amazonian landraces,
on the one hand, and western Amazonian to Central
American landraces, on the other (Rodrigues et al., 2004a;
Cristo-Aradjo et al., 2010; Herndndez-Ugalde et al.,
2011). As mentioned, however, these markers alone are
insufficient for determining if the split represents two or
more domestication events, as suggested by Mora Urpi
(1999) and Hernandez-Ugalde et al. (2011), or one event
with two dispersal routes, as suggested by Rodrigues et
al. (2004a) and Cristo-Aratjo et al. (2010).

A universal chloroplast DNA sequence (Shaw et
al., 2007) was used to determine the phylogenetic
relationships among cultivated and wild populations
in the core collection, as well as the closely related
B. riparia and the more distantly related B. simplicifrons,
both used as outgroups. The chloroplast haplotypes
distinguish the eastern and southwestern cultivated
populations from the western populations by a 12 base
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pair deletion (Cristo-Araljo et al., 2013), supporting the
deep divergence among these groups observed by all
studies with nuclear markers. Most important, however,
the wild var. chichagui type 1 from Rio Branco, Acre,
adjacent to the upper Madeira, contains both the eastern
and the western chloroplast haplotypes, and groups
with cultivated populations from Placido de Castro, Acre,
and Madre de Dios, Peru, both in the upper Madeira
(Cristo-Araujo et al., 2013).

These new analyses suggest a single domestication
event in southwestern Amazonia, probably in the upper
Madeira, although the upper Ucayali River cannot yet
be ruled out. After domestication, cultivated peach palm
was dispersed down the Ucayali River and throughout
western Amazonia, northwestern South America
and southern Central America. At the same time,
but perhaps later, because the fruits are less derived,
cultivated peach palm was dispersed along the Madeira
River to eastern Amazonia.

CAPSICUM PEPPERS

The genus Capsicum (Solanaceae) is represented by an
extremely variable group of sweet and, principally, hot
peppers. By the time of European conquest the chili
peppers were present from northern Chile and Argentina,
throughout the Andean and lowland South American
countries, through Central America to northern Mexico
and the southern United States (Barbieri and Neitzke,
2008; Pickersgill, 1969). Today they are distributed
worldwide, and grown in temperate and tropical areas
for use as spices, vegetables, ornamental plants, medicine
and even defense (Reifschneider, 2000), and represent
one of the most economically important vegetable crops
worldwide (Albrecht et al., 2012).

Different species of Capsicum were domesticated
independently in several regions of the Americas
(Heiser Jr., 1995; Pickersgill, 2007): Mesoamerica
(C. annuum, possibly C. frutescens), the mid-elevation
Andes (C. pubescens), the mid-to-low elevation Andes

and immediately adjacent lowlands of Bolivia and Peru
(C. baccatum) (Albrecht et al., 2012), and the tropical
lowlands of South America (C. chinense and possibly
C. frutescens) (Pickersgill, 2007). The first peoples who
considered Capsicum peppers important enough to be
clearly named were the southern Arawak (Brown et al.,
2013b) in the Amazonian lowlands of southern Peru,
suggesting that C. baccatum may have been involved since
it was domesticated in the northwestern upper Madeira
and adjacent southern upper Ucayali (Albrecht et al.,
2012). In each area of origin, one species was brought into
domestication and they were then dispersed to different
areas where they continued to be selected, resulting in
distinct morphological types. Domestication resulted
in change, especially in the fruits. The fruits of the wild
types are small, erect, red and deciduous, while fruits of
domesticates are larger, often pendent, not deciduous and
varied in color. Domestication also resulted in changes in
reproduction and the level of pungency (Heiser Jr., 1995).

During our recent expeditions in Brazilian Amazonia
four of these domesticated species were found (M.
Cristo-Araujo, personal observation): 1) C. annuum (chili,
cayenne) was found in Roraima and in Southern Amazonia
from Humaitd to Ronddnia, along the upper Madeira,
but not along the Solimbes River; 2) C. baccatum (girl's
finger, chili, ajf) was found only along the Mamoré River
in Ronddnia, close to its origin in northwestern Bolivia
(Albrecht et al., 2012); 3) C. frutescens (malagueta,
tabasco) presented very little variation in fruit appearance
(size, shape, color) and was found along the north-south
(Roraima-Rondénia) axis, especially along the upper
Madeira, and in lower abundance along the Solimdes
River; 4) C. chinense (murupi, cumari, biquinho) was
abundant along the Solimées River, in Roraima, in
the northern Madeira-Purus interfluve and, in greater
abundance, in the upper Madeira. In all localities visited
there were more plants of C. chinense, with great
variability in size, pungency, color and shape of the fruits.
Some plants presented characteristics of two species
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and appeared to be hybrids, most likely C. chinense x
C. frutescens (B. Pickersgill, personal communication).
An apparently wild sample of C. chinense was found in
Roraima (Barbosa et al., 2002), offering the possibility
of a more precise origin for this species. However, no
wild populations of C. frutescens have yet been found in
Amazonia (or elsewhere), although the cultivated form
is abundant in the upper Madeira, which is suggestive,
but not proof.

PEANUT

The peanut (Arachis hypogaea L., Fabaceae) was
domesticated for its seed, one of the few producers
of underground seeds among cultivated plants. The
genus Arachis is composed of 80 species (Krapovickas
and Gregory, 1994; Valls and Simpson, 2005), with A.
hypogaea the best-known and most widely dispersed in
the Neotropics before conquest (Favero and Valls, 2009).
Arachis hypogaea contains two subspecies and six varieties:
subsp. hypogaea, var. hypogaea and var. hirsuta; subsp.
fastigiata, var. aequatoriana, var. fastigiata, var. peruviana
and var. vulgaris (Krapovickas and Gregory, 1994). A recent
molecular genetic study used a chloroplast sequence
and the non-transcribed spacer of the nuclear 5S rDNA
to decipher the origin of cultivated peanut (Grabiele et
al., 2012): A. duranensis and A. ipaensis hybridized and
gave rise to the wild tetraploid A. monticola, in northern
Argentina. A. hypogaea was selected from A. monticola
in northern Argentina and southern Bolivia, from where
it was dispersed and diversified into two subspecies with
six varieties, providing a clear example of a domestication
event followed by diversification, as outlined by Meyer
and Purugganan (2013).

The domestication of the peanuts must have started
6000-7000 BP (Favero and Valls, 2009). The oldest
archaeological peanut record is from the Huarmey valley,
near the Peruvian coast, dating to 3,500-4,500 years BP
(Pearsall, 1992), although it is not clear which subspecies
and variety is involved. Several diversification events

., Belém, v. 11, n. 1, p. 193-205, jan.-abr. 2016

occurred across the savanna regions of lowland South
America and adjacent open forests south of Amazonia,
as well as adjacent to the Atlantic Forest, leading to the
centers of diversity identified by Krapovickas (1995). In the
western Llanos de Mojos, subsp. fastigiata var. peruviana
was especially diverse, while in the extreme south of the
upper Madeira subsp. hypogaea var. hypogaea presented
a diversity of runner, bunch and erect types (Favero and
Valls, 2009), suggesting the great importance of both
subspecies in the upper Madeira.

ANNATTO

Annatto (Bixa orellana L., Bixaceae) is a shrubby plant
domesticated in the Neotropics as a colorant used in many
different cultural contexts for the red-orange pigment in
the arils around its seeds (Ledn, 2000). Domesticated
populations of annatto were well distributed throughout
the Neotropics at the time of conquest (Donkin, 1974).
lts common name in Portuguese (urucum) comes from Tupi-
guarani languages (Balée, 2000) and means red, while
the common name achiote in Central America comes
from achiotl in Nahuatl (Ocampo, 1983). In Mexico it
was one of the ingredients used in the preparation of
pre-conquest chocolate, a drink “thickened with maize,
heated with chilies, spiced with vanilla, tinted with achiote”
(Norton, 2008).

For many years, B. excelsa, a large tree found in
Southern Amazonia, was accepted as its wild ancestor
(Ducke, 1946; Schultes, 1984; Clement et al., 2010).
Recently, spontaneous populations of annatto, that
should be called B. orellana var. urucurana (Kuntze, 1925),
were identified as the wild ancestor (Moreira et al.,
2015). The variety urucurana occurs in open forests or
anthropogenic landscapes, although never cultivated,
and always associated with riparian environments. While
cultivated annatto always produces abundant pigment
around its seeds, the variety urucurana contains variable
amounts. In areas where they co-exist, gene flow
between them results in changes of pigment production,
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especially in the cultivated types. The exact location
where annatto was domesticated is still unclear because
of the wide distribution of variety urucurana in northern
South America.

In southwestern Amazonia, annatto use has long
been present for dying cotton (Lévi-Strauss, 2004), but
it also has symbolic values in passage rites and a painted
body is associated with vitality, beauty and fertility among
the Kaxinawa and Suruwaha people (Lagrou, 2006;
Aparicio, 2015). Ethnographies describe annatto as a plant
of superior quality because it arose from the ashes, which
suggests selection practices and fire management during
the process of annatto domestication (Lévi-Strauss, 2004).
The Nambicuara, of the Guaporé River basin, cultivated
annatto in homegardens along the bluffs after burning
and opening gallery forests (Lévi-Strauss, 1948), while
young individuals of annatto were also transplanted near
to home (Lévi-Strauss, 1957). The only archaeological
record of annatto in Amazonia comes from the Llanos
de Mojos, in lowland Bolivia, dated to 2400 years before
present (BP) (Erickson, 1995), but there are older dates
in the Caribbean, suggesting Arawak dispersal (Moreira
etal., 2015).

COCOYAMS

Cocoyams or taiobas (Xanthosoma spp, Araceae) are
perennial herbs, some with edible corms, others with
edible leaves and still others used for medicinal purposes
(Bown, 2000; Lebot, 2009). The name tajd or taid is
popularly used in Brazil as a generic term for Araceae
species (Sauer, 1987; Silva, 2007) and is synonymous
with taioba in Amazonian legends and myths (Martins
and Teixeira, 2006). Wild types have high levels of
calcium oxalate crystals in the corms that irritate the
mucous membranes of the mouth, hence the side corms
used must be dried, cooked or fermented to be eaten
(Bown, 2000). There is linguistic evidence of this crop
in Central America since 3000 BP (Hawkes, 1989). In
South America, taioba pollen grains were registered in

raised field archaeological sites in the Llanos de Mojos in
the upper Madeira (Erickson, 1995).

The taxonomy of the genus Xanthosoma is unclear
(Plucknet, 1976; Lebot, 2009). There are some 40 types
of cultivated cocoyams, but in general these are lumped
together as X sagittifolium (Bown, 2000). All of them have
26 chromosomes and differ by pigmentation of leaves,
plant height, shape, color and number of corms. These
morphological features vary depending on environmental
conditions (Lebot, 2009), suggesting significant plasticity
(genotype by environment interaction). Traditionally,
cocoyams are cultivated on low mounds mulched
with dead leaves and grass with sufficient water for
growth (Bown, 2000), although they are more tolerant
of insufficient water than taro (Colocasia esculenta).
Molecular analysis based on RAPD of two cultivated
inter-fertile species (X. violaceum and X. caracu) from the
West Indies showed low genetic variation (Jacobson et
al., 1999), which suggests that some recognized species
of Xanthosoma may be just clones.

It is still impossible to determine a center of origin
of domesticated populations, especially because wild
congenerics occur in both Central and South America
(Piperno, 2011). It is possible that clones selected in
Central America could have been introduced quite early
(e.g., 3400 BP) into South America (Colunga-GarciaMarin
and Zizumbo-Villarreal, 2004) and Purseglove (1972)
argued that domestication occurred in Central America
because of the high regional diversity. Others argued
for an origin in northern South America (Giacometti and
Leon, 1994; Piperno and Pearsall, 1998; Lebot, 2009;
Piperno, 2011), with dispersal into Central America. At
this point it is impossible to affirm that cocoyams started
to be domesticated in the upper Madeira, even though the
diverse ecosystems of the area contain Xanthosoma and it
is found in local home gardens and swiddens, where local
Indians (Kaxinawa) recognize four ethnovarieties named by
the generic term Yubi that can be differentiated by color,

such as taioba branca and taioba roxa (Bianchini, 2006).
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CONCLUSIONS

There is no doubt about the location of the center of
domestication of manioc within the upper Madeira
River basin, although immediately adjacent areas may
also be involved. Likewise, peach palm has its center
of domestication here also, although immediately
adjacent areas in the upper Ucayali cannot be ruled
out. Capsicum baccatum is firmly located in this area,
but evidence for C. frutescens is less clear. Important
domesticated populations of peanut are also securely
located in the area, although the primary domestication
of peanut occurred further south. While there are wild
populations of annatto and cocoyam in the region, the
information available today is insufficient to affirm that they
started to be domesticated in the upper Madeira.
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