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DIVERSITY IN ANDEAN CHENOPODIUM
DOMESTICATION: DESCRIBING A NEW MORPHOLOGICAL
TYPE FROM LA BARCA, BOLIVIA 1300-1250 B.C.
BrieAnna S. Langlie, Christine A. Hastorf, Maria C. Bruno, Marc Bermann,
Renée M. Bonzani and William Castellón Condarco
The domestication of Chenopodium in the Andean altiplano of South America was a complex process that
took place during the Formative period (1800 B.C.-A.D. 400). We identified a new archaeological morphological
type of Chenopodium sp. at the La Barca site, located in the Department of Oruro, Bolivia. We analyzed testa
texture, margin configuration, beak prominence, seed diameter, and testa thickness using scanning electron
microscopy. As a member of the same genus as Chenopodium quinoa, the identification of this new
anthropogenic morphotype presents us with insights into the many complexities of the process of domestication
and points towards selection occurring in multiple regions and different culture groups.
Key words: Domestication, Chenopodium, paleoethnobotany, La Barca, quinoa
La domesticación de Chenopodium fue el resultado de un complejo proceso que ocurrió durante el periodo
Formativo (1500 a.C - 400 d.C) en el altiplano andino de America del Sur. Se ha identificado un nuevo tipo
morfológico de Chenopodium sp. en el yacimiento arqueológico de La Barca, ubicado en el Departamento de
Oruro, Bolivia. Se examinó la textura de la testa, configuración del margen, prominencia del pico, diámetro de la
semilla, y grosor de la testa de este nuevo tipo morfológico del mismo género que Chenopodium quinoa con un
microscopio electrónico de barrido. Su identificación de este nuevo tipo permite comprender mejor su complejo
proceso de domesticación y sugiere que hubo presiones selectivas en varias regiones y por parte de distintos
grupos culturales.

A major theme of archaeological research has been to understand the
transformations that we associate with the Neolithic Revolution, the increasing
interdependence of humans, plants and animals, or the domestication of living
things. This specific dependency process played a central role in the history of
human-nature relationships as interactions between these organisms and the
spaces they share were modified. It is important to understand these
transformations because they represent changes in plant taxa and their ecologies,
and they inform us about peoples’ decisions regarding their food supplies and
their interactions with the landscape (Cusack 1984). The complex history of
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interdependency between plants and humans differs in each region and for each
plant.
The highland Andes of South America has long been recognized as a center
of crop domestication (Cook 1925; Vavilov 1992:402–404). Early inhabitants of
this region domesticated several tuber species (Solanum tuberosum L., Solanum
stenotonum Juz. & Bukasov., Oxalis tuberosa Molina, Tropaeolum tuberosum Ruiz &
Pav., and Ullucus tuberosus f. albiflorus Kuntze) and at least two pseudocereals
(Chenopodium quinoa Willd. and Chenopodium pallidicuale Aellen). Despite this
region’s importance to agricultural history, the archaeological record still has
much to teach us about the process of domestication in the Andes (Hastorf 2006).
For example, genetic research is beginning to shed light on where certain crops
were domesticated (Emshwiller 2002, 2006; Spooner et al. 2005; Wilson 1988a),
but archaeological investigations of Andean crops can illustrate how and in
which cultural settings these crops spread to other regions (Hastorf 2006).
The Bolivian Department of Oruro, located in the south-central altiplano is
home to one of the most important Early Formative period (1800-1000 B.C.)
agropastoral populations, known in the archaeological literature as the
Wankarani (Janusek 2008:20; Ponce 1970). This period is when mobile huntergatherers settled into sedentary life ways in the altiplano. Documenting the
patterns of chenopod use in the Formative period helps our understanding of the
domestication process as well as the adoption of agriculture in the south-central
Andes. Ponce (1970) was the first investigator to suggest that chenopods played
an important role in the Wankarani agro-pastoral adaptation, although his
reconstruction of agriculture in the region was based on the identification of
agricultural tools, rather than archaeobotanical evidence. In this paper, we
present the first morphological investigation of early archaeological chenopods
from this region and for this cultural group.
Here, we add to the growing body of information regarding the process and
timing of Chenopodium domestication in the Andes by presenting evidence for a
previously unrecognized, possibly domesticated chenopod. We describe a
sample of archaeological Chenopodium seeds from the site of La Barca (Figure 1),
using morphological attributes. We then compare these seeds to published
descriptions of modern Chenopodium species from the northern region of the
altiplano (Bruno 2001, 2006; Bruno and Whitehead 2003). Significantly, none of the
La Barca specimens are an exact match to the modern specimens. Thus, these
data on a new possibly domesticated variety aids in tracing the continuous
process of domestication of the different varieties of Andean Chenopodium.
Previous morphological studies of Chenopodium seeds, particularly those of
the domesticate quinoa (C. quinoa) show that seeds undergo significant changes
in diameter, testa thickness, and shape (margin configuration) during domestication. Morphological studies of South American archaeological chenopods
derive mostly from the Lake Titicaca Basin of Perú and Bolivia (Browman 1989;
Bruno 2001, 2006; Bruno and Whitehead 2003; Eisentraut 1998) and from the
central Peruvian Andes (Nordstrom 1990; Pearsall 1980, 1989). A potential region
for its early use and possible domestication is the altiplano, the high plain of the
central Andean mountain chain, where domesticated chenopods continue to be
important subsistence crops and where the majority of today’s commercial
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Figure 1. La Barca, Bolivia and surrounding region.

cultivation takes place (Hellin and Higman 2003:90). The cool, dry climate of this
region limits the cultivation of many plants, but potatoes and especially
Chenopodium thrive in the saline soils.
There are six modern Chenopodium taxa that play a role in this discussion of
Andean chenopod domestication. The best-known and studied taxon is
domesticated Chenopodium quinoa (quinoa). Its weedy counter-part is commonly
referred to as quinoa negra (black quinoa) or ajara, a name widely applied to wild,
black-seeded quinoa-like species throughout the Andes (Wilson 1988b, 1990).
Botanists have assigned different designations to ajara: Chenopodium quinoa var.
melanospermum Hunziker, Chenopodium quinoa ssp. milleanum Aellen, and
Chenopodium hircinum Schrader. Currently, there is no consensus as to whether
these are monophyletic and all three are seen in the literature. Here, following
Cárdenas (1989), we use Chenopodium quinoa var. melanospermum because that is
most commonly used in Bolivia. A second domesticate, Chenopodium pallidicaule,
or kañawa, has received little study. According to recent botanical descriptions,
there are wild/weedy varieties/species of this crop, which the Bolivian
taxonomists call Chenopodium pallidicaule Aellen var. pampalasta (IGPRI et al.
2005).
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Figure 2. Feature 3 visible inside Structure 04-2-10 at La Barca, Bolivia. Photograph by M. Bermann.

The Wankarani Complex and The La Barca Site
The Wankarani sites of the Formative Period (1800 B.C.–A.D. 400) represent
one of the earliest village populations in highland Bolivia. Distributed
throughout the southern Department of La Paz and the northern sections of
the Department of Oruro, most sites take the form of residential mounds from
0.10 to 9.0 ha in size, located at the base of hills (Bermann and Estévez 1992; Fox
2007; McAndrews 1998, 2001; Ponce 1970, 1980). The site of La Barca (Canton of
La Joya, Department of Oruro, Bolivia) is a circular mound built from successive
domestic occupations and consisting of house remains, middens, and aeolian
deposits (Rose 2001a, 2001b). Covering 0.6 ha, the main portion of the mound is
approximately 2.0 m high, rising at the center to 5.0 m. The site’s occupation
spanned 1500 - 400 B.C., with an estimated residential population at any one time
of 50 to 150 residents. Excavations between 2003 and 2005 by Rose and Bermann
exposed a series of house compounds. These included one or more small circular
dwellings, each 3 25 m in diameter, with an interior hearth, attached storage
structures, outdoor activity surfaces with hearth and storage features, and
associated midden deposits.
The Chenopodium analyzed in this study was recovered from an interior
storage feature (Feature 3) within Structure 04-2-10. This structure is 3.5 m in
diameter, with an eastern entry and a small, attached storage space (Figure 2).
Although the structure contained a characteristic Wankarani slab-lined hearth, it
differed from typical Wankarani dwellings in several ways. It had double walls:
an outer wall consisting of adobe set on a stone foundation, and paralleling this, a
second wall made of very thin clay and built over thin wooden poles set
vertically into the ground. The interior wall may have formed a partition or low
support rather than a roof-high wall. A radiocarbon sample (AA70741) from the
wall poles provided a date of 3024±35 14C years B.P., correlating to a calibrated
(CALIB 6.0) one sigma date of 1320 to 1257 B.C. While the structure is possibly
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Figure 3. Attributes of archaeological Chenopodium from La Barca.A. A light microscope photo that
typifies a prominent beak and a reticulate-aveolate testa texture (sample # LB70). B. An SEM image of
a biconvex margin configuration and a reticulate-aveolate testa texture (sample # LB74). C. An SEM
image of a prominent beak and a canliculate testa texture (sample # LB108).

part of a residential compound, Bermann and Castellón propose that it was
primarily used as a ceramic workshop rather than a dwelling. Floor artifacts
included ‘‘loaves’’ of worked unfired clay, chunks of quartz, a vessel containing
ground quartz and grinding stones stained with pigment. Additionally, the floor
lacked the organic staining and small domestic debris commonly found in
dwellings at the settlement.
A curved clay bin (Feature 3) measuring 60 3 40 3 20 cm was built against
the interior wall of the structure. This bin showed no evidence of intensive
burning or cooking. The analyzed Chenopodium seeds were recovered from a 6liter soil sample taken from the lowest layer of the feature’s fill. This layer was a
14 cm thick, unstratified deposit of silt and ash with charcoal inclusions. A thin
layer of post-abandonment aeolian silt and ash covered the structure’s floor, its
associated artifacts, Feature 3, and the sampled layer in the feature, thus we are
confident that our samples come from undisturbed contexts that date to the
Wankarani occupation.
Attributes of Chenopodium Seed Morphology
The Chenopodium plant produces thousands of dry, single-seeded fruits on
panicles that do not shatter easily. At the center of the fruit is a round, starchy
perisperm. An embryo wraps around the periphery of the perisperm and
terminates with one side (the radicle) extending over the other (the seed leaves)
in what is called the beak (Figures 3 and 4). Surrounding both the perisperm and
embryo is a covering called the seed coat or testa. This feature has two layers, a
very thin inner epidermis that does not vary in size whether the specimen is wild
or domesticated, and an outer epidermis, or testa, which does vary, being thinner
or even absent in domesticate species (Wilson 1981:Figure 2). A final layer called
the fruit coat, or pericarp (this plant part technically qualifies the seed as a fruit),
encapsulates the entire structure. Some of these characteristics vary among species.
In this analysis of the La Barca seeds, we consider five attributes to describe
and distinguish the Chenopodium spp. seeds: testa texture, margin configuration,
beak prominence, seed diameter, and testa thickness. The terminology and
attributes we use build upon previous research of Chenopodium seed morphology,
including Aellen and Just (1943), Bruno (2001, 2006), Fritz (1984), Nordstrom
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Figure 4. A. Chenopodium seed morphology showing diameter measurement. B. Margin configuration
shapes applied to the La Barca seeds (From Bruno and Whitehead 2003:342).

(1990), Pearsall (1980), Smith (1984, 1985a, 1985b), and Wilson (1981). In addition,
we have added the attribute, beak prominence, which was not described in any
of the previous Andean Chenopodium studies but has been used effectively in
recent Mesoamerican studies (Gordon 2006; Gremillion 1993a). Below, we
describe how each of these structures can vary and the methods used to
document them. These traits are organized into two indices: qualitative attributes
and quantitative attributes.
The Qualitative Index
Testa Texture
The testa and pericarp of Chenopodium seeds vary by species and can be
useful for identification. In studies of modern species, seed coat surface texture
has been used to distinguish domestic from wild species. For example, in the
eastern North American and Mexican C. berlandieri species, the wild seeds have a
reticulate patterning, whereas the seeds of the extinct domesticated eastern North
American subspecies Chenopodium berlandieri Moq. ssp. Jonesianum have smooth
testa textures (Fritz 1984; Smith 1984). Eisentraut (1998) and Bruno (2001, 2006)
identified a similar trend in the Lake Titicaca Basin species, noting that
Chenopodium quinoa var. melanospermum, the wild variety, has a reticulated testa
texture while C. quinoa, the domestic crop, has a smooth testa. While other
attributes are also useful, the testa texture is the most readily observable, often
visible with a light microscope. Bruno (2001, 2006) describes the texture of four
species of modern chenopods (C. pallidicaule, C. quinoa, C. ambrosioides, and C.
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quinoa var. melanospermum) from the Lake Titicaca Basin. We applied Bruno’s
testa texture definitions to this study.
Margin Configuration
Margin configuration describes a seed’s profile (Figure 4B). Wilson (1980)
and Hunziker (1952) noted variations in the shape of Chenopodium margins, in
particular, that the cross-section shape of the seed correlates with the thickness
(or presence) of the seed coat. When the testa is thick, the shape of the inner
structures (perisperm, embryo) is restricted and the two halves of the thick seed
coat create a narrow angle along the margin, producing a biconvex shape. In
contrast, in a seed with a thin or absent testa, the perisperm and embryo are not
restricted and influence the overall shape of the seed, making the margins
rounded or truncate. Eisentraut (1998) and Bruno (2001, 2006) used this attribute
to highlight the differences between the domestic Chenopodium quinoa, which has
a truncate shape, and wild C. quinoa var. melanospermum, which has a biconvex
shape (Figure 4). Bruno (2006) used four margin configurations (truncate, round,
biconvex, and equatorial banded) to describe the Lake Titicaca modern and
archaeological Chenopodium seeds from the northern area of the altiplano. For this
study, we define these four configurations as follows: truncate seeds have a
rectangular profile; round seeds are oval in profile; biconvex seeds have margins
that come to a point (Figure 3B); and equatorially banded seed configurations are
similar to the biconvex profile but with a noticeable thin extension at the margin.
We use these types to describe margin configurations of the La Barca seeds.
Beak Prominence
Beak prominence has been applied in only a few studies of morphological
variation of Chenopodium seeds. In eastern North American samples, weak or
non-existent beaks often correlate with wild or weedy Chenopodium species
(Gremillion 1993b:157), and a prominently beaked chenopod is considered the
result of domestication (Asch and Asch 1985:177). Gordon (2006) recently
demonstrated the complexity of using beak prominence in analyzing the wild to
domestic spectrum of chenopods, because beak prominence does not always
correlate with domestication status. For example, the domesticated cultigen from
Michoacán, Mexico called chia is a chenopod variety that has a weak beak
(Gordon 2006:109). Previous Andean studies have not included beak prominence
in their analyses, perhaps because modern domestic Chenopodium species have a
weak to very weak beak configuration. The application of a beak prominence
attribute to the Andean Chenopodium seeds should enhance our understanding
of the domestication process in this area. Following Gordon’s (2006) typology,
we apply a ranked ordinal four-score system where 0 5 very weak beak
prominence, 1 5 weak beak, 2 5 prominent beak, and 3 5 very prominent beak
(Figure 5).
The Quantitative Index
Seed Diameter and Testa Thickness
In many domesticated cereals, there has been a selection for larger-sized
grains due to seedbed competition (Harlan 1975; Harlan et al. 1973). Bruno and
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Figure 5. Beak prominence (From Gordon 2006: Figure 5.3).

Whitehead (2003) determined that recovered archaeological domestic quinoa
from the Andes is smaller than modern domestic quinoa. This evidence suggests
that quinoa increased in grain size due to selection pressures. However, seed
diameter alone should not be used to determine the status of archaeological
specimens. Maximum and minimum seed diameter ranges are known for each
Chenopodium species, but there is a significant overlap in the diameters of
individual species, making it difficult to identify species solely on the basis of
seed diameter. For example Bruno (2001, 2006:39, Figure 4.4) found that when
large samples of seeds are considered, there is a marked range in seed size within
each Andean species. Similarly, there is an overlap in size among the North
American chenopods (Smith 1985a). Here we measure the seed diameter as the
distance between two points on the horizontal plane of a seed (Figure 4A).
However, because of the overlap between wild and domesticated modern
species, we use this measure in conjunction with other attributes.
Testa thickness (Figure 6) is an important quantitative feature in understanding the domestication process of chenopods. Wilson (1981) and Smith (1984,
1985a, 1985b) found a thinner testa to be a diagnostic feature of both eastern
North American and Mexican domesticates. They associate this development
with competition in seedbed germination (Harlan 1975), as those with a thinner
testa germinate more rapidly. Chenopodium berlandieri ssp. Jonesianum, a
domesticated species from eastern North America has a thin testa that measures
0–20 mm in thickness (e.g. Fritz 1990; Smith 1984, 1985a). Similarly, Gordon (2006)
found that the Mexican domesticate chia has a thin testa that measures 1–20 mm.
In modern and archaeological specimens of the Andean domesticate C. quinoa,
Nordstrom (1990), Eisentraut (1998), and Bruno (2001, 2006) found the seed coat
to be absent or very thin (,5 mm). Bruno found that the testas of the domesticate
kañawa (C. pallidicaule) are also very thin (4–8 mm). In contrast, the companion
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Figure 6. SEM image of testa thickness measurements.

wild variety to domesticated quinoa that often grows in modern fields as a weed,
quinoa negra (C. quinoa var melanospermum, C. quinoa ssp. milleanum), has the
thickest testa (20–50 mm) thus far identified in the region. The wild Andean
species paiko (C. ambrosioides) has medium thick testa (11–14.5 mm). Given the
differences in testa thickness among these Andean Chenopodium species, it is
useful to consider this attribute in describing archaeological species, and in the
case of C. quinoa, differentiating wild versus domesticated species. As with
diameter, however, testa thickness alone does not distinguish the Andean types
because unlike the species studied in North America, there are wild species in the
Andes, such as paiko, that have testa thickness less than 20 mm.
Bruno (2006) suggests that examining the ratio of testa thickness to seed size
is useful for distinguishing individual species. For example, although paiko has a
relatively thin testa, it also has a very small diameter, thus the testa is quite thick
relative to overall seed size (Figure 6). Therefore, relatively thin-testa wild
varieties still seem to have relatively thicker testas than associated domestic
seeds. By applying this ratio to a domestication study, we can begin to reveal the
selection pressures applied to the seeds over time, through both size and shape.
We analyzed the relationship between seed diameter and testa thickness by
applying the equation used by Bruno (2006) for her comparison of modern
Chenopodium species. The testa thickness for each seed is doubled ‘‘to account for
the entire area represented by the testa’’ for this measurement (Bruno 2006:Table
4.5). This equation is:
Ratio Testa Thickness/Diameter 5 Log (Total testa thickness in mm 3 2)/Log
(Seed diameter in mm)
In this paper, we only analyzed charred seeds. For purposes of comparison, we
only compared the La Barca seeds to other Andean chenopod studies that
analyzed charred seeds (Bruno 2001; Bruno and Whitehead 2003; Bruno 2006).
Smith (1985b) and Nordstrom (1990) found that the diameter of carbonized seeds
is about 5% smaller than uncarbonized seeds, but that testa thickness is
unaffected by carbonization.
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La Barca Chenopod Analysis
Specimen Selection
Bonzani analyzed the macrobotanical remains from the site of La Barca, and
sent approximately 200 archaeological Chenopodium seeds to Hastorf and Langlie
at the University of California-Berkeley Paleoethnobotanical Laboratory for more
detailed morphological examination. Specimens for this analysis were selected
using light microscopes with a magnification range of 10–403. We selected only
relatively undamaged or whole specimens so that we could observe all attributes
for each seed. From the 200 seeds, we selected 18 specimens that could be
analyzed, and we assigned each seed a unique number. While this is a small
sample, we began with this number to test our attributes’ robustness as well as to
learn about the Wankarani chenopods.
Equipment and Sample Recording
We studied the selected seeds using both light and scanning electronic
microscopes equipped with software programs to obtain measurements. Whole
seeds were first photographed with an Olympus BX51 light microscope,
equipped with a camera in the University of California-Berkeley Paleoethnobotanical Laboratory. Specimens were placed on a glass tray on top of white putty,
allowing us to take pictures of the seed lying flat and on edge to view the margin
configuration. Using images recorded by this microscope, testa texture, margin
configuration, beak prominence, and seed diameter were measured and
recorded. To record the seed diameter, we used an interpolated polygon tool
to obtain a mean diameter, rather than one measurement.
A scanning electron microscope was essential for analysis of the testa
thickness and testa texture. Because testa thickness can only be measured
accurately with high magnification scanning electron microscopy (SEM), we
employed a Phillips/FEI XL30 Environmental Scanning Electron Microscope
(ESEM) located in the Scanning Electron Microscopy Laboratory within the
Biomolecular Nanotechnology Department at the University of CaliforniaBerkeley (Figures 3B and C). In order to create a clearer image in the ESEM
chamber, we sputter coated the specimens with a thin metallic layer of Au/PD in
a Tousimis Sputter Coater for 20 seconds.
Testa texture was obtained first on the ESEM by mounting the specimens
longitudinally, or flat, exposing the fullest extent of the testa surface. After
gathering measurements from this position, the specimens were then remounted
and sometimes cut to expose a clear cross-section of the testa. The microscope’s
tilt function, not available on some SEM machines, was used to reveal the flattest
plane possible of the cross section of the testa. From this vantage, we obtained at
least three measurements of the testa thickness.
Results
Qualitative Analyses
Of the 18 specimens we analyzed, the testa surface was discernable for only
14 due to excessive fragmentation of 4 seeds. Five seeds have a canaliculate testa
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Table 1. The five major attributes for the eighteen La Barca Chenopodium seeds in the study.
Seed Diameter
(mm)
1006.68
1183.29
1089.11
1038.45
1116.65
995.08
1027.18
No Data
No Data
1152.80
1111.05
1017.47
974.87
1069.40
1020.33
1281.83
1034.30
955.34

Margin
Configuration

Testa Texture

Biconvex
Biconvex
Rounded
Biconvex
Biconvex
Biconvex
Biconvex
Rounded
No Data
Biconvex
Biconvex
Truncate
Truncate
Biconvex
Truncate
No Data
Biconvex
Biconvex

Reticulate
Reticulate
No Data
Reticulate
Reticulate
Reticulate
Reticulate
Canaliculate
No Data
Reticulate
Reticulate
Canaliculate
Reticulate
Canaliculate
Canaliculate
No Data
Canaliculate
No Data

Testa Thickness
(mm)

Beak
Prominence

4.9
5.0
5.5
4.8
5.2
5.3
No Data
11.0
11.8
5.1
4.6
No Data
3.5
6.0
3.7
No Data
12.4
6.8

3
3
3
3
3
3
2
3
No Data
3
2
3
3
3
3
No Data
2
3

texture, and nine have a reticulate-aveolate texture (Table 1; Figure 3).
Canaliculate seed coats (Figure 3C) have elongated reticulations with nonelevated margins. Reticulate-aveolate is the opposite pattern, with reticulations
that have raised margins (Figure 3A and 3B). Margin configuration was
observable in 16 specimens: 11 have a biconvex margin, 3 have a truncate
margin, and 2 have a rounded margin. Sixteen of the seeds analyzed have intact
beaks: 14 have very prominent beaks (Figure 3A and 3C), while 2 have
prominent beaks.
Quantitative Analysis
We measured seed diameter, testa thickness, and compared seed diameter to
testa thickness to quantitatively analyze the archaeological seeds. The seed
Table 2. Measurements of seed diameter, testa thickness, and a ratio comparison of testa to seed
diameter for the archaeological seeds from La Barca.
Testa Thickness
(mm)

Thickness
3 2 (mm)

Log Testa
Thickness 3 2

Seed
Diameter
(mm)

Log Seed
Diameter

Ratio Log
Thickness/ Log
Diameter

4.88
4.97
5.54
4.81
5.22
5.30
5.12
4.60
4.66
3.49
6.04
3.75
12.37
6.81

9.80
10.00
11.00
9.60
10.40
10.60
10.20
9.20
9.40
7.00
12.00
7.40
24.80
13.60

0.99
1.00
1.04
0.98
1.02
1.03
1.01
0.96
0.97
0.85
1.08
0.87
1.39
1.13

1006.68
1183.29
1089.11
1038.45
1116.65
995.08
1152.80
1276.84
1017.47
974.87
1069.40
1020.33
1034.30
955.34

3.00
3.07
3.04
3.02
3.05
3.00
3.06
3.11
3.01
2.99
3.03
3.01
3.01
2.98

0.33
0.33
0.34
0.33
0.33
0.34
0.33
0.31
0.32
0.28
0.36
0.29
0.46
0.38
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Figure 7. Testa Thickness/Seed Diameter Ratio of the archaeological La Barca Chenopodium sp. seeds
and Bruno’s (2008, Figure 8.12) modern Chenopodium varieties.

diameter was obtainable on all 18 specimens (Table 1). Diameters range from 955
to 1282 mm, with a mean of 1087 mm and a standard deviation of 100.6 mm. We
present these data in microns to facilitate comparison with the testa thickness.
Testa thickness was measurable in 16 specimens, and ranged between 3.5 and
12.4 mm, with a mean of 6.2 mm and a standard deviation of 2.9 mm. The ratio of
testa thickness to seed diameter allows us to observe the relative proportion of
the seed comprised by the testa. The ratio of testa thickness to seed diameter was
calculated for 14 specimens (Table 2).
Discussion
To see how our Chenopodium seeds compare to wild and domestic chenopods
from the altiplano, we plotted the testa thickness/diameter ratios of the La Barca
seeds along with those of four modern species examined by Bruno (2006, 2008).
The La Barca seeds form a fairly tight cluster defined by a relatively small seed
diameter and a thin testa (Figure 7). The testa thickness/diameter ratio reveals
that they are most similar to the modern domesticated taxon kañawa. While they
are much smaller in size and do not have as thin a testa as domesticated modern
quinoa, their morphometric similarity to kañawa suggests that they fall within the
range of a domesticated species.
Despite the similarity of the quantitative measures between the La Barca
chenopods and modern-day kañawa seeds, there are also notable differences in
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their qualitative attributes. Table 1 clearly illustrates that the biconvex margin
configuration most often accompanies a reticulate-aveolate testa texture in our
archaeological population. These seeds also tend to have very prominent beaks
(3). These qualitative attributes are not characteristic of kañawa, which generally
have a rounded margin configuration and a canaliculate testa texture (Bruno
2006). Although Bruno did not record beak prominence, examination of her
photographs (Bruno 2006:Figure 4.7) and available seeds suggest that kañawa
seeds have only prominent (2) or weak (1) beaks.
A combination of a reticulate-aveolate seed coat and biconvex margin is
common in the quinoa negra altiplano populations studied by Bruno and
Eisentraut, as well as the wild species of eastern North America (Smith1985a).
In striking contrast, however, the wild Titicaca Basin populations have very thick
seed coats (.20 mm) whereas the La Barca seeds are very thin (3.5–5.5 mm). The
prominent beak of the La Barca seeds is uncommon in the wild eastern North
American and Mexican chenopods (Gordon 2006; Gremillion 1993a). The quinoa
negra seeds from the Andes appeared to have a weak beak, based on our
comparisons with Bruno’s (2006) photographs. Thus, our data suggest that at
least nine of the seeds examined in this study represent a very distinct
archaeological population of Chenopodium that has not previously been reported,
and we refer to these as La Barca Type 1.
Four of the seeds are distinct in that they possess a canaliculate testa texture,
which is common in modern kañawa seeds. In contrast to the domestic kañawa,
two of the seeds have biconvex margins and two have truncate margins (Table 1).
These four seeds differ from kañawa with their prominent (2) to very prominent
(3) beaks. It is possible that these seeds fall within the range of variability of Type
1; however we refer to them as La Barca Type 2 and suggest that they could
represent a descendent of the wild species of kañawa. Bruno is currently studying
the morphology of wild kañawa varieties to clarify the process of its
domestication. When those data become available, we may be able to positively
identify these four specimens as related to Chenopodium pallidicaule. Finally, there
were three seeds that could not be fully categorized because we could not assess
one or more attributes. Nonetheless, their testa thickness and seed size fell within
the parameters of the total La Barca chenopod population, and thus could
potentially be variations of Type 1 or Type 2.
Conclusions
The suite of attributes utilized in this analysis provided a more robust way to
describe both modern and archaeological Chenopodium seeds than previous
studies. The analysis of beak prominence as a key attribute had not previously
been considered in the study of Andean chenopods. We suggest that this
attribute be included along with mean seed diameter, testa thickness, testa
texture and margin configuration in future analyses.
The La Barca Chenopodium assemblage examined in this study contains at
least two distinct morphological types. The most common form, Type 1, has a
biconvex margin, a thin reticulate testa, a small diameter, and a prominent to
very prominent beak, a combination of attributes that are generally associated
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with both wild and domestic modern chenopods. Although this seed type shares
some attributes with previously described modern species of the domesticate
kañawa and the wild quinoa negra, it has several unique features that lead us to
argue that we have identified a new morphological type. Given that the testa is
relatively thin compared to its overall seed size, similar to the proportions of
kañawa, we hypothesize that this variety may have been a domesticated species
that has become feral. We have not yet had the opportunity to collect and study
cultivated varieties of domestic kañawa and quinoa, or wild varieties of
chenopods from the Oruro region, but we hope to do so in the future. Analyzing
modern chenopods from the region may permit us to identify this morphotype or
an extant relative. It is also possible, however, that like eastern North American
domesticated chenopods, this morphotype became extinct. It may have been part
of the prehistoric La Barca agro-economy, but was later replaced by other
Chenopodium domesticates. It is also possible that this archaeological morphotype
cross bred with other Chenopodium species or varieties, leading to the
disappearance of these distinctive combinations of traits from the gene pool as
a result of what has been referred to as a ‘‘domestication bottleneck on genetic
diversity’’ (Doebley et al. 2006:1310; Wright et al. 2005). The discovery of this
unique morphotype certainly warrants further research into the morphological
diversity and domestication history of other chenopods as well as continued
investigation of the genus in the archaeological sites from the altiplano. Our
current sample size is very small, so at this stage these conclusions are
hypotheses.
The second less common morphological form present at La Barca, Type 2,
has a canaliculate surface, a relatively thin testa, biconvex to truncate margin
configuration, and a prominent to very prominent beak. It is possible that the
combination of these attributes is merely a variant of the La Barca Type 1 species.
However, these seeds have much more in common with modern domesticated
kañawa and are similar to an unidentified morphotype common in samples from
Formative sites along the southern Lake Titicaca shore (Bruno 2008:299–306).
Bruno’s on-going research on modern Chenopodium pallidicuale may soon shed
light on this morphotype’s history.
Our data suggests that domestic Chenopodium was likely cultivated in the
south-central Andes by 1300 B.C. Because seeds morphologically similar to
quinoa and quinoa negra have been identified in archaeological samples from
nearby Lake Titicaca basin located in the northern area of the altiplano and date to
the same general time period (roughly 1500 - 400 B.C.) (Bruno and Whitehead
2003), we expected to find that the Wankarani were cultivating similar
chenopods at La Barca. The absence of those quinoa and quinoa negra
morphotypes and the presence of a completely distinct, possibly domesticated
morphotype (Type 1) suggest that different processes of crop selection,
domestication and chenopod use existed in each of these two regions. However,
the presence of a kañawa-like, possibly wild morphotype in the Lake Titicaca
basin suggests some similarity or exchange between the areas. In order to better
explain these patterns and link them to the known processes of Chenopodium
domestication and dispersal, we must continue to excavate sites dating to this
important period, systematically recover archaeological plant remains, and
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conduct further detailed morphological studies, such as the one described in this
paper, on more chenopod specimens.
Overall, the results of this study present a much more complicated picture of
Andean chenopod domestication and larger geographic dispersal than was
previously envisioned.
Past research by Bruno (2001, 2006) demonstrated that domestic quinoa and
wild quinoa negra were integral components of early farming systems in the
northern altiplano, and that they were continually managed and modified
throughout the Formative period. This research reveals that the Wankarani
people were experimenting with and manipulating different varieties of
chenopods during the Formative period. The integration and potential
domestication of these distinct Chenopodium varieties may have played a crucial
role in allowing the Wankarani to successfully settle down in the harsh
environment of the south-central altiplano. The LaBarca varieties were probably
better adapted to the region and the local ecological conditions. Our research
suggests that domestication of Andean Chenopodium occurred in multiple regions
and multiple cultures took part in the process.
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2005 Descriptores para Cañahua (Chenopodium pallidicaule Aellen). Instituto Internacional de Recursos Fitogenéticos, Roma,
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