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Sweet Beginnings

Stalk Sugar and the
Domestication of Maize!

by John Smalley and
Michael Blake

Elaborating on the recent suggestion by Hugh H. Iltis that the di-
rect ancestor of maize was initially domesticated not for its grain
but for its sugary pith or other edible parts, this article proposes
that during the initial period of maize domestication the stalk
provided a key source of sugar for many uses, including the mak-
ing of alcoholic beverages, and that the social importance of al-
cohol production helped precipitate its early and rapid spread.
Several lines of evidence are examined to evaluate the merit of
this hypothesis, and topics for further archaeological research
that might contribute to this effort are suggested.
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Teosinte (Zea mays ssp. parviglumis) appears now to be
the most widely agreed-upon candidate for the ancestor
of domesticated maize (Z. mays spp. mays), but there
are, at best, only partial answers to questions of how,
when, and where this process took place (Wilkes 1967,
1985; Beadle 1980; Iltis 1972, 2000; Matsuoka et al.
2002). In a break with conventional wisdom, Hugh H.
Itis (2000:36 and quoted in Crosswhite 1982) has re-
cently suggested that the direct ancestor of maize “was
initially domesticated not for its grain but for its sugary
pith or other edible parts.” We elaborate on his sugges-
tion by proposing that during Zea’s initial period of do-
mestication the stalk provided a key source of sugar for
many uses, including the making of alcoholic beverages.
Furthermore, we suggest that the social importance of
alcohol production was a precipitating factor in Zea’s
early and rapid spread. In this paper, we examine several
different lines of historical and archaeological evidence
to evaluate the merit of this hypothesis. We propose that
a new research focus on the development of the sweet
stalk may help to shed light on both the evolution and
the dissemination of maize.

This idea is not as strange as it might initially seem.
Sugar and other sweeteners have long been important
components of the human diet. In the Old World, the
sugarcane plant (Saccharum officinarum) came to dom-
inate the commercial market for sugar—both as a general
sweetener and for making alcohol—about 1,000 years ago
(Mintz 1985). It was initially domesticated in the humid
tropics of Pacific Asia and spread throughout the world
because of the demand for sugar. In the New World there
were very few indigenous sources of sugar. Surprisingly,
however, one of those sources was the genus Zea (in-
cluding various species and subspecies of maize and te-
osinte), a close relative of sugarcane. In fact, maize and
sugarcane are both members of the Andropogoneae tribe
in the grass family (Graminae or Poaceae) (Clayton and
Renvoize 1986:28). Some researchers have claimed that
the genus Saccharum can cross with Zea, producing in-
fertile hybrids (Janaki-Ammal 1938; Mangelsdorf 1974:
72~73), but others consider this claim unproven (Clayton
and Renvoize 1986:331). Whether or not they are able to
hybridize, both sugarcane and maize stalks produce
sweet juice which can be easily extracted and its sugar
concentrated for use in making syrup and alcoholic
beverages.

The possible use of maize’s ancestor as a source of
sweet juice has fascinating implications for some of the
key questions about maize’s domestication and spread.
For many decades, researchers have focused almost ex-
clusively on the cereal crop significance of early Zea use
and have seldom considered that, initially at least, the
plant may have had other uses. While this has not lim-
ited the extremely productive debates about maize’s or-
igins and spread, it has perhaps channeled discussions
and research in such a way as to give preference to in-
terpretations that rely on Zea’s evolved characteristics
(i.e., large cobs, many large kernels, and storability)
rather than its initial ones (i.e., small, hard kernels, small
cobs, and sweet stalk). We will examine ethnographic
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and historical evidence for maize stalk sugar use, hy-
pothesizing the link between the domestication of Zea
and the need for sugar. Next, we will discuss the current
archaeological evidence for maize stalk sugar use and its
potential for alcohol production.

Questions about Teosinte as Maize’s Ancestor

Researchers have debated the role of teosinte in maize’s
evolution for more than a century (cf. Wilkes 1977,
McClung de Tapia 1992, Piperno and Pearsall 1998). In
1880, P. Ascherson suggested that teosinte, either on its
own or in combination with another grass, was maize’s
ancestor (Mangelsdorf 1974:11). Subsequently, Paul
Weatherwax (1923) suggested that teosinte, Tripsacum
(a perennial range grass), and maize all arose from a com-
mon ancestor. Paul Mangelsdorf (1974:79) added to the
debate by suggesting that one type of maize, pod corn,
crossed with Tripsacum to produce teosinte. Later, Man-
gelsdorf proposed that a now-extinct wild maize was one
of the ancestors of modern maize and that annual teo-
sinte was not maize’s progenitor. George Beadle (1932,
1972) was among the first to use genetic evidence to
argue, in contradiction to Mangelsdorf, that teosinte was
maize’s sole ancestor (Galinat 19774, Iltis 1983). Most
genetic research confirms this, and several recent studies
show just how close this connection is (Iltis and Doebly
1984:605; Doebley 1990; Buckler and Holtsford 1996;
Bennetzen et al. 2001; Matsuoka et al. 2002).

Even so, archaeological evidence in the form of pa-
leoethnobotanical remains of teosinte is exceedingly
scarce. Mangelsdorf identified nine specimens of teo-
sinte from Romero’s Cave in Tamaulipas and illustrated
a well-preserved example from the excavations dating
from 9oo-400 B.c. (Mangelsdorf 1974:157). If teosinte
was used extensively as a food crop, then there should
be more evidence than the few rare seeds in archaeolog-
ical sites (Iltis 2000:28-29). Michael Coe (1994:33), for
example, stated: “The archaeological evidence . . . is thus
far entirely negative: no truly early teosinte has ever been
found, either as plant remains or as pollen.” However,
as Flannery (1986:8; 1976b:107) has noted, there are sev-
eral early examples of teosinte seeds and Zea sp. pollen
in both Archaic and Early Formative sites in Meso-
america. Ample evidence of Zea phytoliths (the small
opal silica bodies found in the cells of most plants) has
been found in several early archaeological sites in the
New World (e.g., Pope et al. 2001, Pearsall 1994).

Teosinte seeds could have provided a supplemental
food source in spite of the fact that they were very dif-
ficult to harvest efficiently (Flannery 1973:290; Beadle
1980) and contained a very high percentage of roughage—
up to 53% (Flannery 1973:296-97).> When mature, the

2. Many peoples in the Americas harvested plants with seeds con-
taining a high proportion of indigestible fiber (e.g., Chenopodium
berlandieri, Iva annua, Setaria spp.). However, where seeds with
high roughage content were used for food and people ingested the
hulls and seed coats, there is often direct archaeological evidence
of their indigestibility in the form of preserved remains in coprolites

seed head tends to shatter when bumped or disturbed,
thus dispersing the small, hard seeds on the ground, but
this can be overcome by harvesting the seeds, when ma-
ture, over a blanket (Flannery 1973, Beadle 1972). As
Flannery (1973:297) has pointed out, both teosinte and
other small-seed plants such as foxtail grass (Setaria sp.)
were, empirically, only a minor part of the diet of Late
Archaic—period Mesoamericans in the highland regions;
equally important were prickly pear, roasted agave, mes-
quite, acorns and pinyon nuts, hackberry, wild avocado,
deer, cottontail, mud turtle, and dove. Coe (1994:33)
notes that teosinte “was shunned by the Indians as food,
probably because of its unpalatability,” and Flannery
(1973:290) states that it was used by some Mexican In-
dians as a “starvation food.” Iltis (2000:23-24) has re-
cently observed that teosinte’s fruitcase “is so hard and
indestructible that human use of the grain is out of the
question. . . . There remains the perennial vexing ques-
tion: Why would anyone bother to collect or try to grow
this utterly useless grain when the grain itself is per-
manently imprisoned in a hard fruitcase?” Beadle (1980:
117) notes, however, that this is somewhat of a misrep-
resentation of teosinte’s usefulness, because it can be
processed by eating its green spikes or soaking, grinding,
and even popping the dry seeds. In spite of these potential
uses, Wilkes (1967:79) describes the following digestive
journey for teosinte plants and seeds grown by present-
day farmers in Mexico: “The livestock are fed entire
plants and they pass teosinte seed still enclosed by the
protective fruitcase in their droppings. The manure is
then collected and returned to the maize fields as fer-
tilizer. The presence of teosinte in the maize fields from
year to year is thus insured by the use of teosinte-seed-
infested manure.”

These arguments both for and against teosinte as
maize’s ancestor arose from the assumption that the seed
grain was the primary focus of the plant’s earliest use.
If this was not the case—if early Zea seeds were occa-
sionally consumed and if the plant’s stalks and shoots
were also sought as a source of sugary juice and succulent
greens—then the issues of seed harvestability and pal-
atability fade in importance.

Richard MacNeish and Mary Eubanks (2000) have re-
cently reworked one of Mangelsdorf’s (1983, 1986) the-
ories for the origin of maize that posited its descent from
a hybrid cross between extinct maize and one of its wild
ancestors. MacNeish and Eubanks label this the Tehu-
acan or highland model. They suggest that maize arose
as a result of the crossing and backcrossing of Tripsacum
and a newly discovered species of diploid perennial te-
osinte, Z. diploperennis (Iltis et al. 1979). Eubanks (1995,
1997) has shown that crossing diploid perennial teosinte

(Reinhard and Bryant 1992, Callen 1967). So far very few coprolites
recovered in dry caves in Mesoamerica have been identified as con-
taining teosinte (Mangelsdorf 1974:180). Mangelsdorf (p. 156) men-
tions a number of specimens of teosinte in coprolites excavated at
La Perra Cave in Tamaulipas and identified by E. O. Callen. He
observes that the teosinte fruits passed directly through the cave
dwellers and into the archaeological record “with their hard, bony
shells unchanged.”
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with Tripsacum dactyloides will produce fully fertile hy-
brids some of which closely resemble the archaeological
specimens of maize found in the Tehuacian Valley. A
group of maize geneticists and evolutionists has recently
rebutted this argument, making the following three
points: (1) There is overwhelming genetic evidence that
teosinte was the direct ancestor of maize. (2) The modern
production of Tripsacum and diploid perennial teosinte
hybrids does not mean that such hybrids occurred in the
past. (3) The maize genome contains neither Tripsacum
nor Z. diploperennis genetic sequences (Bennetzen et al.
2001:84-85). Newly published genetic studies of both
maize and teosinte support these interpretations (Mat-
suoka et al. 2002, Vigouroux et al. 2002).

This debate is certainly not yet over (Eubanks 2001),
but our hypothesis suggests that, regardless of the even-
tual outcome, the earliest ancestors of maize were cul-
tivated for several properties, including stalk sugar and
seeds on cobs. Our hypothesis provides a new perspective
on how and why Zea spread through the tropical Amer-
icas at such an early date.

The Spread of Zea

Because the earliest examples of maize were incapable
of self-seeding (Benz 2001a4:2105), humans must have
been responsible for its spread out of its homeland—the
Rio Balsas drainage of West Mexico—into new habitats
in Central and South America and beyond (Matsuoka et
al. 2002:6084). In addition to the well-known Tehuacin
cobs, evidence for this early spread has been found in
Oaxaca in the form of maize cobs from Guild Naquitz
Cave dating to 5,400 B.P. (Piperno and Flannery 20071:
2102} and in Panama, where Piperno and colleagues have
identified maize phytoliths, pollen, and starch grains es-
timated to be at least 7,000 years old (Piperno and Pear-
sall 1998, Piperno 1999, Piperno et al. 2000). Pope et al.
(2001:1372) present convincing evidence that small-
grained Zea pollen (similar to wild teosinte) occurred as
early as 6,200 B.P. and larger-grained Zea pollen (possibly
maize) by 6,000 B.p. at the site of San Andrés, near La
Venta on the Gulf coast of Tabasco, Mexico.

Bush, Piperno, and Colinvaux (1989) have identified
Zea pollen and phytoliths dating to 5,300 B.p. from lake
sediments in Ecuadorian Amazonia, contemporary with
similar finds at early Valdivia sites along the Pacific coast
of Ecuador (Pearsall and Piperno 1990). Piperno (2003)
states that the earliest phytolith evidence for maize
comes from the preceramic Las Vegas-phase site of
OGSE-80, with a date of 7,170 = 60 B.p. These studies
suggest to Pearsall (2002) and Piperno (2003) that late
preceramic—Archaic—peoples transported early domes-
ticated maize into the region. Staller and Thompson
(2002:47) and Tykot and Staller (2002), on the basis of
their analysis of archaeological remains from the site of
La Emerenciana, a Valdivia VII-VIII-period site in coastal
Ecuador dating between ca. 4,000 and 3,500 B.P., argue
that maize was not a significant component of regional
subsistence before this period and that after this time it

was primarily used for ceremonial and ritual purposes,
perhaps as a fermented intoxicant.

Until recently, most models for the spread of Zea have
simply assumed that it was intentionally transported by
humans primarily as a source of grain food, even though
at this early time it was not particularly productive. Benz
(1999:30-31), discussing the link between early forager
mobility and maize dispersal, suggests that highly mo-
bile foragers with little seasonal permanence and large
territorial ranges are unlikely to have been responsible
for distributing maize, probably because they would have
had little use for agricultural modes. He argues that
maize could have been dispersed by Archaic foragers and
early agriculturalists, however, only after a fairly stable
agro-ecosystem had emerged. In this scenario, people
who used maize in a restricted annual range would also
have occasionally traded with or moved to distant areas.
Buckler et al. (1998) suggest that this stable agro-eco-
system likely arose in the Early Archaic period among
peoples living at lower elevations, perhaps even the
coastal lowlands. They suggest that after early maize was
domesticated it was carried into the adjacent highland
regions, where it eventually made its way into the ar-
chaeological cave sites exemplified by Guild Naquitz and
Coxcatldn. Early maize may also have passed along a
chain of interacting horticulturalist societies that might
have been eager to add the new plant to their existing
suite of cultivars (Piperno and Pearsall 1998, Piperno et
al. 2000).

Why, then, would Archaic foragers and/or horticul-
turalists have been interested in transporting early maize
seeds around the countryside and adopting this new
plant? The most common economic explanation has to
do with the food potential of the seeds. MacNeish and
Eubanks (2000:17), for example, suggest that the earliest
hybrids or ancestral maize plants “with four to eight
rows of paired kernels in reduced cupules that exposed
the grain, making it easy to remove from the cob . . .
would have provided an attractive food source for hu-
mans.” Further, many researchers, following Flannery
(1973:296; 1986:4), think that early agriculture, including
maize agriculture, may have been important in buffering
against the unpredictability of natural resource availa-
bility. Benz (20014, 2003) has argued that early maize
cultivators selected for increased grain size and cob size,
testing this hypothesis by analyzing the metric charac-
teristics of archaeological cobs from Tehuacdn and Ta-
maulipas, Mexico.

In spite of the evidence for human intentionality in
the selection for increased cob and grain size, we argue
that the nutritional value of the kernels was not the sole
impetus for the spread of early Zea. Growing early maize
outside of its natural range as a grain food supplement
within an existing horticultural system would have re-
quired a great deal of investment in time and labor—at
the expense of the tending or collecting of existing re-
sources—for a small reward. The earliest maize cobs
were very small and slowly increased in size for two or
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three millennia after their first appearance (Benz 2003).?
Howard Walden (1966:31) put the case clearly when he
stated: “An entire ear of Tehuacan Valley wild maize
[now thought to be domesticated maize| produced less
food than that contained in a single kernel of some mod-
ern varieties” (see also Mangelsdorf, MacNeish, and Gal-
inat 1967:200). As Flannery (1976a4:95) notes, in Oaxaca
the average length of a maize cob by 3,000 B.p. would
have been only about 6 cm. Even earlier, smaller varieties
of maize were undoubtedly meager sources of food.
Given the high cost of growing, processing, and extract-
ing the grain and the wide range of other locally available
wild and cultivated plants, maize may not have become
economically attractive until it started producing larger
cobs (Roosevelt 1980, Piperno and Pearsall 1998).

An additional reason we question the dietary impor-
tance of early (small) maize is that the grain is very low
in protein (9.5% average), is deficient in the amino acids
lysine and tryptophan, and lacks the B vitamin niacin,
all of which are essential for a healthy diet (Katz, Hediger,
and Valleroy 1974:766). Teosinte grains, although much
more difficult to process, are in fact higher in protein
than maize (Melhus, Aguirre, and Scrimshaw 1953). This
suggests that the earliest maize cultivators were select-
ing the seeds for their carbohydrates and sugars rather
than their protein content.

Considering all of the above-mentioned “problems”
with early maize, we and others suspect that people must
have found it useful beyond the immediate dietary po-
tential of the seeds in order for it to have spread as it did
to so many widely diverse habitats and at such an early
date (e.g., Iltis 2000; cf. Johannessen and Hastorf 1994,
Staller and Thompson 2002).

Paleoethnobotanical evidence from throughout the
Americas suggests that Zea was first introduced into ag-
ricultural systems in which farmers were growing a va-
riety of other food crops. For example, at the Aguadulce
rockshelter site in Panama, Piperno and her colleagues
(2000) identified starch grains of manioc (Manihot es-
culenta Crantz), yams (Dioscorea sp.), and arrowroot
(Maranta arundinacea L.) on milling stones dating be-
tween 7,000 and 5,000 B.p. For many hundreds of years
and in some cases millennia after its initial introduction
maize remained a minor crop, and there is little evidence
of its having been a staple.

Although not a staple, maize grain must have been
important to the inhabitants of the Rio Balsas region of
southwestern Mexico, where it was domesticated before
6,000 B.P. (Benz 1994, 1999; Matsuoka et al. 2002). Benz
(20014, 2003; Benz and Long 2000) has argued that early
horticulturalists in the Tehuacan Valley were certainly
interested in the grain, since there is substantial evi-
dence for early morphological changes in both the cobs
and the kernels (including rachis diameter and length,
row number, and cupule width). Even so, the specific
uses to which the grains were being put is still not cer-

3. Benz’s recent measurements of the Tehuacdn maize suggest that
this gradual selective process was punctuated by periods of faster
change.

tain, and we agree with Benz (20014:2106) that “this ev-
idence does not reject the possibility that human use of
teosinte focused on something other than grain [Iltis
2000] but does suggest that by the 6th millennium before
the present era, humans were focusing their subsistence
activities on maintaining readily harvestable grain-pro-
ducing inflorescences.” The earliest interest in grain pro-
duction, where it existed, may have focused on the beer-
producing potential of the seeds and the selection and
saving of seeds for future planting.

Throughout the New World by about 3,000 B.p. there
was a dramatic increase in maize use, and it eventually
became the staple we know today. If, as we suggest, Zea
was initially of minor importance as a food crop and was
being cultivated in areas already supplied with ample
food, what was it that encouraged its relatively rapid
dissemination throughout the Americas?

The Stalk-Sugar Hypothesis

The hypothesis for the role of stalk sugar in maize’s early
evolution and spread parallels suggestions made many
years ago for the origins of grain domestication in the
Old World. In the early 1950s Robert Braidwood and Jon-
athan Sauer suggested that the earliest use of domesti-
cated cereals in the Near East may have been for beer
making and not for bread (Braidwood 1953:515). As Sauer
(1953:516) put it, “Planting and harvesting small grains
without the plough or other efficient tools would seem
to me a game scarcely worth the candle except for a more
rewarding stake than mere food.” Mangelsdorf(1953:519)
retorted with the acerbic observation, “Are we to believe
that the foundations of Western civilization were laid by
an ill-fed people living in a perpetual state of partial in-
toxication?” Despite Mangelsdorf’s critique, we think
that Braidwood and Sauer’s suggestion should be ex-
panded to include the New World as well. In other words,
the extraction of stalk juice—as a sweetener and possibly
for making alcohol—may have been a key factor in the
domestication of Zea.

The stalk-sugar hypothesis allows us to propose the
following steps in Zea’s domestication and dispersal: Ini-
tially, Early Archaic peoples in Mexico experimented
with Zea by casually harvesting the sweet stalks and
simply chewing them (Iltis 2000; see also Pearsall, cited
in Piperno and Pearsall 1998:161). Later they recognized
that they could produce large quantities of sweet juice
by mashing and squeezing the stalks. They then fer-
mented the juice, probably using techniques and tech-
nologies already available for other plants. They in-
creased the predictability and productivity of Zea by
weeding natural stands and occasionally planting new
stands in favorable habitats (Flannery 1986:3—4). Next,
they moved Zea plants to new regions where it did not
grow naturally but could be cultivated. The cultivation
of Zea to produce juice would have required the har-
vesting of enough seed to replant year after year and to
transport to new fields. This process would have led to
the selection of a tougher rachis, whether or not the seeds
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were initially consumed. Furthermore, if people inten-
tionally selected seeds for replanting from plants with
larger stalks, then the overall size of the stalk would have
gradually increased over many generations. Early culti-
vators’ selection of sweet juice-producing stalks may also
have led to the transformation of teosinte from a mul-
tibranched habit to the single stalk of modern maize—
a trait which now appears to have been selected for early
on in the domestication process (Iltis 2000:18-19).

In Mesoamerica, Archaic peoples would have observed
several advantages of Zea in comparison with other plant
sources of sweet fermentable juice such as Agave (spp.),
sotol (Dasylirion sp.), mesquite (Prosopsis sp.), coyol
palm (Acrocomia mexicana), and jocote (Spondias pur-
purea) (Bruman 2000). One is its ability to grow quickly
and to be harvested once or twice a year. Most other
indigenous sources of sweet juice came from plants
which were very slow to mature and relatively difficult
to cultivate although in some cases exceedingly abun-
dant. Another is that its production could easily and
quickly be increased simply by expanding the size of the
crop area and investing more labor in its cultivation.
Finally, in contrast to the situation with many agaves
and coyol palm, the extraction of Zea stalk juice did not
destroy a plant that required a decade or more to mature.

In Central and South America, Zea may have been a
welcome supplement to root crops that also could be
brewed for beer such as achira (Canna edulis), manioc
(Manihot esculenta), and sweet potato (Ipomoea batatal).

In summary, the initial spread of Zea from its home-
land in Mesoamerica may have been extremely rapid be-
cause of a high demand for sugar. We suggest that long
before Zea developed the large cobs with many rows of
kernels that made it an attractive food staple, the an-
cestral sugar-producing plant passed along a chain of in-
terconnected peoples extending into South America. It
was the demand for sugar that encouraged Zea’s initial
rapid spread. It seems unlikely that early Zea, with its
small cobs and seeds, could have spread so far so fast
without some other highly desirable feature. Long after
this initial spread, maize developed as a staple food
source. The eventual transformation of early Zea into
the large-cob food plant we know today (Zea mays) prob-
ably took many different routes as it adapted to different
environments, though all modern maize races appear to
be genetically derived from one ancestral species of te-
osinte (Zea mays ssp. parviglumis) (see Matsuoka et al.
2002, Vigouroux et al. 2002).

The Production of Maize Stalk Sugar

A modern maize stalk is, on average, 75% moisture
(Freeman et al. 1972) and contains 15-50 g of sugars (su-
crose, fructose, and glucose) at a concentration of 2-16%
by weight (Tripath, Alam, and Misra 1978, Widstrom et
al. 1984). The sugar potential of maize stalks is so great
that it was extensively researched during the energy cri-
sis of the late 20th century with the intention of pro-
ducing an alcohol additive for gasoline (Widstrom et al.

1988:861). Even earlier, in the 1870s, the U.S. Depart-
ment of Agriculture studied the feasibility of using the
stalks of maize, sorghum (Sorghum sp.), and teosinte
(among other plants) as sources of sugar for domestic use.
After an extensive series of experiments, Peter Collier
(1879:99), chemist for the Department of Agriculture,
concluded: “There exists no difficulty in making from
either corn or sorghum a first-rate quality of sugar, which
will compare favorably with the best product from sugar-
cane grown in the most favorable localities.” In his tables
showing the sugar content of juice extracted from both
maize and teosinte stalks he lists the specific gravity of
each, which converts to the following percentages of
sugar: corn, 12—15%, teosinte, 5—6% (Collier 1879:100-
104).

Between the 1930s and the 1980s many agronomists
studied the phenomenon of sugar synthesis in the maize
plant (Singleton 1948:174; Van Reen and Singleton 1952:
613; Hume and Campbell 1972; D’Ayala Valva, Pater-
niani, and de Oliveira 1980:185-86). Some researchers
compared sugar production in different varieties of maize
while others examined the effect of immature cob re-
moval and pollination interruption on stalk-sugar con-
centration. Still others have examined the maize plant
to determine where the highest concentration of sugar
is located in the stalk.

In Zea, sugar is produced in the leaves during the grow-
ing season and stored in the stem (Iltis 1987:206). Later
in the season, the tassels that subsequently produce the
pollen appear at the top of the plants. Soon after this,
the cobs and kernels begin to form and produce silk—or
pollen receptors. Each strand of silk is attached to a sin-
gle kernel which then becomes fertilized when pollen
from the tassels falls onto hairs on the silk. Only those
kernels which become fertilized develop and fill with
the sugar previously stored in the stalk. Eventually, the
sugar in the kernels is converted to starch.

This process of maize maturation has two important
effects. The first is that if cobs are picked and eaten when
immature, before the sugar has moved completely into
the kernels and been converted to starch, the young ear
of maize and its adjacent stem is very sweet and suc-
culent. Some botanists have suggested that the first pre-
historic consumers of Zea were more interested in this
characteristic than in the ripened kernels (Harlan 1995,
IItis 2000 and quoted in Crosswhite 1982). One advan-
tage of consuming maize in this manner is that no cook-
ing or grinding would have been necessary. A disadvan-
tage, however, is that the nutritional value of the plant
could not be stored for later use as with dried ears of
maize.

The second effect, resulting from the first, is that if
immature cobs are picked before the sugar can migrate
into them, then the sugar content of the stalks increases
significantly (Singleton 1948:174; Hume and Campbell
1972; D’Ayala Valva, Paterniani, and de Oliveira 1980:
185-86). When Van Reen and Singleton (1952:613) in-
tentionally removed the ears of maize plants, they found
that the stalk sugar remained much longer than in plants
with ears. Mangelsdorf (1974:156) observed that a grow-
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ing stalk from which young ears have been removed ac-
cumulates sugars in concentrations comparable to those
of sugar-cane and the chewing of such stalks might have
provided an appreciable amount of energy.”

Intrigued by the claims that maize stalk sugar could
be increased by removing the cobs before pollination, one
of us (Smalley) conducted a study in 1996 involving 20
“Tubilee” (a variety of sweet corn) plants commercially
grown just south of Vancouver, B.C., Canada. Cobs were
removed from half of the sample plants as soon as they
were visible. Compared with the untouched plants, those
which had had their cobs removed had an average 18%
increase in concentration of sugars in their stalks at har-
vest time five weeks later. We ate the immature cobs,
husk and all, and can testify to their succulence. Some
of the sugar had already migrated from the stalk into the
small ears, and picking them stopped this process, leav-
ing most of the sugars in the stalk (Iltis 2000:23). Our
observations support Iltis’s (2000) suggestion that early
Zea farmers may have been able to harvest the immature
ears, consume them immediately, and then later use the
stalks for sugar.

Historical and Ethnographic Evidence of
Maize Stalk-Sugar Use in the Americas

“The economic importance of cornstalk syrup has
been widely attested to by the early explorers and
chroniclers. . . . As far south as Peru, cornstalk syrup
was manufactured, and as far north as the Iroquois the
sweetness of cornstalks was recognized. Cornstalk
segments were chewed for their flavor as sugar cane
segments are chewed wherever sugar cane is grown”
(Bruman 2000:57). The maize plant provided Native
Americans with an abundant and expandable supply
of sugar, whereas other sources of sugar were in much
more limited supply. For example, honey, from wild
bees and stingless domesticated bees, was commonly
used in the Maya area, but outside of Yucatdn it was
apparently never very abundant (Roys 1972:53—-54). In
the northern Maya region honey was the main source
of the sugar used to produce the alcoholic beverages
important for rituals and ceremonies (Roys 1972:28).
According to Roys (p. 42), “From the early Spanish
writers one might infer that honey was mostly an in-
gredient of the intoxicating drink called balche; but
since it appears to have been the only concentrated
sweet produced in any considerable quantity, it must
have been an important food article.” Honey was not
widely available in other parts of Mesoamerica, and
consequently people turned to other sources of sugar.
There was a great deal of regional variation in the
types of plants used as sources of sugar, depending on
the natural habitat and the availability of various
plants in each region. For example, the coyol palm
(Acrocomia mexicana) is found along the Pacific
slopes of western Mexico, and the agave (maguey)
plant (Agave spp.) is typical of drier regions and was

seldom used east of Tehuantepec (Bruman 2000:65).
Most of these plants are slow-growing, requiring many
years to mature, and although they were tended and
cultivated their yields could not be as easily increased
as those of maize.

There is ample early historical evidence for the use of
maize stalk sugar both as a syrup and for making alcohol.
Cortés wrote to the king of Spain in 1520 that honey
from bees, cornstalk syrup, and maguey syrup were all
on sale in the great marketplace of Tenochtitlan (Bruman
2000:57). Betty Fussell (1992:241) quotes the early Eng-
lish explorer Ralph Lane, writing from Roanoke, Vir-
ginia, in 1585: “And within these few days we have found
here maize . . . whose ear yieldeth corn for bread, four
hundred upon one ear; and the cane maketh very good
and perfect sugar.” Fussell also quotes Benjamin Frank-
lin, addressing the French in 1785:

The stalks pressed like Sugar-Canes yield a sweet
Juice, which being fermented and distill’d yields an
excellent Spirit, boiled without Fermentation it af-
fords a pleasant Syrop. In Mexico, Fields are sown
with it thick, that multitudes of small Stalks may
arise, which being cut from time to time like Aspar-
agus are serv’d in Deserts, and their sweet Juice ex-
tracted in the Mouth, by chewing them.

Litzinger (1983:42) has pointed out that maize stalk
beer* has a wide distribution among present-day aborig-
inal communities throughout Mesoamerica (fig. 1) and
is known as far south as the highlands of Peru and Bo-
livia. He also notes that it was likely even more common
prior to the early 1600s, when the sugarcane introduced
by the Spanish provided a cheaper source of sugar. Ac-
cording to Bruman (2000:57), “Cornstalk wine was
mostly considered a low-class substitute beverage to be
used when other sources of drinks were not in season,
or, in the tesgiiino region, to conserve the grain supply.”

Several ethnographers have recorded the manufactur-
ing process of maize stalk beer (e.g., Pennington 1963:
150). One of the best examples is the description of Tar-
ahumara maize stalk beer-making by Bennett and Zingg
(1976[1935]:47; see also Bruman 2000:58) in the 1930s:

At harvest time, when there are plenty of fresh corn
stalks, the stalks are used in place of the more valu-
able corn. Tesgliino made from stalks is called pat-
cili. After the leaves are removed, the stalks are
taken to a large hollow bowlder and pounded with
oak sledges. Then the juice is squeezed out of the
stalks by means of a clever device, mabihimala, in-
vented for this purpose. It is a net woven from séka
fiber (Yucca sp.) and is generally about 12 x 15
inches. This is woven to encircle a stick at either
end. The sticks are about 18 inches long. One of

4. Beer is usually made from sprouting (germinating) grains, with
the starches in the seed being converted to sugar by enzymes. Wine
is usually produced by direct fermentation of a sweet juice or syrup.
Maize stalk beer, a type of tesgiiino called patcili by the Tarahu-
mara, is technically wine but has the alcohol content of beer (3—5%)
and is drunk in the same way.
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Maize Stalk
Juice

Tesgliino

Fi1G. 1. Mesoamerica, showing the distribution of maize stalk beer and (tesgiiino) use among various indige-

nous groups (after Bruman 2000).

them is held with the feet, while the other is held
in the hands. All the juice that can possibly be
twisted out of the pounded corn stalks is removed
with the mabihimala. The juice collects in the de-
pression in the rock, and the bagasse is thrown
away.

The juice is mixed with water and is then
ready to strain through the basket strainer (men-
tioned before). Afterward it is boiled for a couple of
hours over the fire, together with the root of gotdko
(specimen unidentified), which has been well
ground. The gotéko root is a necessary ingredient in
this preparation. The mixture is allowed to cool and
left to ferment with about half a decaliter of
sprouted corn to act as the ferment. Sometimes the
fermentation of the cornstalk juices in the “boiling
pot” serves as the only ferment. In about five days
the liquor is ready to drink.

The beer was entirely consumed by the Tarahumara soon
after production because without preservatives it spoiled
quickly. Also, because it was difficult to transport the
beer to distant locations, people usually drank it close
to the place of production. This may account for the large
quantities of beer consumed by individuals at ceremonial
events (Litzinger 1983:8-9).

There are also many examples of the making of maize
stalk beer in the Andean region. For example, David

Forbes (1870:250), writing about his observations in Ay-
mara communities in Bolivia and Peru in the late 1850s,
noted: “In some parts a fermented drink is made by the
Indians from the sweet stalk of the young green Indian
corn, called ‘huiru’ (wiru): this is the name of the stalk.”

As Bruman points out (2000:4), the unexpectedly wide
aboriginal range of maize stalk beer sets it apart from
the more local alcoholic beverages in his study, perhaps
suggesting that it has a great antiquity. In Mesoamerica,
this is partly reflected in the similarity of the linguistic
terms for maize stalk beer among very distant groups,
such as the Huaxtec boc and the Kekchi boj (Bruman
2000:60).

The widespread use of maize stalk beer both before
and just after the conquest was rapidly superseded by the
importation of sugarcane to the New World and the ex-
tensive spread of plantations. This change allowed peo-
ple to have access to new and much cheaper sources of
sugar—one of the primary implications of which was the
increase in availability of alcohol products such as rum
(Mintz 1985). Maize stalk beer-making techniques were
preserved in some regions, as we have seen, but the fre-
quency has declined now to the point where it is a rel-
atively uncommon “traditional” method of alcohol pro-
duction and closely tied to ancient ritual and ceremonial
practices (for example, among the Tarahumara [Kennedy

1978]).
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Archaeological Evidence of Maize Stalk Use
in Mesoamerica and South America

We can infer maize stalk use from both direct and in-
direct archaeological evidence. So far, the only direct ev-
idence comes from preserved maize stalks and quids in
dry cave sites dating to the Archaic period and later.
Indirect evidence comes from stable isotope measure-
ments in human bone samples that reflect the relative
importance of maize in the diet.

MAIZE STALK QUIDS

Well-preserved, uncharred plant remains have been re-
ported for several dry cave sites in Mesoamerica and
South America. Occasionally maize quids (the mass of
plant fiber that was chewed and expectorated after suck-
ing out the sweet juice) are found among the many other
types of plant quids at several of these sites.” These re-
mains demonstrate that the ancient peoples who used
the caves occasionally snacked on the sweet juicy stalks
and tender husks of the maize plant. We present the
following examples more to illustrate that people had
long been aware of maize stalk sugar than to demonstrate
large-scale sugar juice extraction as described in the pre-
vious section.

Mangelsdorf, MacNeish, and Galinat (1967:179) report
on thousands of maize plant fragments found in the Te-
huacdn Valley cave excavations. These include “numer-
ous quids, representing 83 chewed stalks or leaves and
140 chewed husks.” Maize quid remains come from vir-
tually all levels and phases at five cave sites: Coxcatlan,
Tecorral, San Marcos, Purrén, and El Riego. We have
summarized Mangelsdorf et al.’s data in table 1, grouping
the fragments into two main categories: chewed quids
of stalks, leaves, and husks and unchewed stalks, leaves,
and husks (fig. 2).

In order to determine if there was any change in the

5. Agave was also chewed, and many agave quids were also found
in the excavations at Tehuacdn (Mangelsdorf, MacNeish, and Gal-
inat 1967), Tamaulipas (MacNeish 1958), and Guild Naquitz (Smith
1986).

TABLE 1
Early Zea Evidence at Tehuacdn Valley Cave Sites

frequency of quid chewing during the Tehuacdn se-
quence, we calculated the ratio of Zea quids to unchewed
fragments for each phase (table 1). In the two earliest
phases (5000-2300 B.C.) there were more quids than un-
chewed pieces, and in the later phases (beginning at 1500
B.C.] the vast majority of maize fragments were un-
chewed. Thus, it appears that the relative importance of
chewing maize stalks, leaves, and husks declined over
time, possibly as cobs became larger and maize became
an increasingly important food staple.

MacNeish’s (1958:148) excavations at a series of caves
(including La Perra, Diablo, and three others) in the Sierra
de Tamaulipas, Mexico, apparently produced no chewed
maize stalks, but four maize quids of young ears, husk
and all (one from the La Perra phase [5,000-4,200 B.P.]
and three from the Laguna phase [2,600-2,000 B.P.]) were
found. Of the La Perra quid MacNeish says, “One quid
suggests that some of the young ears were chewed, husk
and all; juice containing sugar and other nutrients were
sucked out, and then the remaining mass was expecto-
rated” (p. 146). In reference to these same specimens,
Mangelsdorf (1974:154) observed that chewing “the
tender, succulent, and sweet” young ears may have been
a simple and quick way for people to obtain a small
amount of sugar, even at the cost of sacrificing a larger
ear of maize later on.

Another series of caves in Tamaulipas, known as the
Infiernillo Canyon caves (including Romero’s, Valen-
zuela’s, and Ojo de Agua Caves), provided an even larger
sample of maize remains. MacNeish’s excavations at
these caves in 1954 recovered some 8,525 maize plant
parts other than cobs (Mangelsdorf 1974:156). These in-
cluded 151 chewed maize quids, including chewed tas-
sels, young ears, and stalks.

There is also evidence of maize stalks in dry caves in
the Andean region of South America, but none so far are
reported to have been chewed. Thomas Lynch’s (1980)
excavations at Guitarrero Cave in the Rio Santa Valley
of highland Peru recovered many late preceramic and
later maize remains. In his Complex III, possibly dating
between 5780 and 500 B.C., only 27 cobs and no other
parts of the maize plant were found (Smith 1980:122-23).

Quids of Stalks,

Ratio of Quids to
Unchewed Stalks,
Leaves, and Husks

Unchewed Stalks,
Leaves, and Husks

Phase Age Leaves, and Husks
Venta Salada A.D. 700-1540 78
Palo Blanco 200 B.C.—A.D. 700 86
Santa Maria 900—200 B.C. 27
Ajalpan 1500-900 B.C. 6
Purrén 2300-1500 B.C. o
Abejas 3500-2300 B.C. 17
Coxcatlan §000—3500 B.C. 9

Total 223

1,349 0.1
681 0.1
89 0.3
50 0.1

o -

6 2.8

6 1.5
2,181 0.1

SOURCE: Mangelsdorf, MacNeish, and Galinat (1967:182).
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Fi1G. 2. Maize quids from the Palo Blanco phase at
San Marcos Cave, Tehuacdn Valley (Mangelsdorf et al.
1967:194, fig. 117). Copyright Robert S. Peabody Mu-
seum of Archaeology, Phillips Academy, Andover,
Mass. All rights reserved.

Smith, one of the project’s paleoethnobotanists, sug-
gested that “the very few husk systems found in the cave
seem to indicate that the ears were shucked in the field”
(p. 123). A sample of stalks, leaves, and husks was col-
lected from the later Complex IV, but Smith does not
indicate that any of them showed evidence of mastica-

tion. This may be because, as in the Tehuacdn case,
maize stalk quids are not common in later periods. The
same pattern may be observed in the excavations carried
out in the Ayacucho Basin of Peru by MacNeish and his
colleagues from 1969 to 1972. Although the detailed de-
scription of the plant remains is not available, there were
occurrences of maize stalks in deposits at several caves:
Pikimachay (Zones B, I, and Es5), Tambillo 240 (Zone G),
and Tambillo 244 (Zones A, C, and D) (MacNeish et al.
1981:134-35; 1983:166-70, 182). However, none of the
stalks or leaves is described as having been chewed, and
no quids are mentioned.

So far, most archaeological evidence for casual chew-
ing of maize plants, including stalks, comes from dry
cave sites in Mesoamerica. Even on a larger scale than
occasional stalk chewing, evidence of maize stalk juice
extraction would be difficult to find. Perhaps the best
evidence of more intensive juice extraction—as would
be expected in beer making—would be the recovery of
a large mass of crushed and discarded stalks. However,
the chances of finding such debris are extremely low
because it is highly unlikely that this activity would
have taken place in caves such as those in the Tehuacan
Valley or in the Sierra de Tamaulipas, where the material
could be preserved indefinitely. It is much more likely
to have taken place out in the open, where the maize
stalks would either have disintegrated and disappeared
or have been dried and used for fuel, leaving only ash.®

The extraction of sweet juices from fibrous plants was
widespread in ancient times. Ventana Cave in southern
Arizona had well-preserved quids of yucca, mesquite
bean hulls, and maize husks. Haury (1950:167, pl. 194-f)
illustrates both fine and coarse fiber quids (unidentified)
and one maize husk quid. It should be possible to revisit
the collection and make more precise identifications of
the fibers and even to date the material directly using
AMS radiocarbon dating.

Farther north, outside of the range of maize, Jennings
(1957) reported the extremely widespread use of desert
bulrush (Scirpus americanus) as a possible food source.
His excavations at Danger Cave and Jukebox Cave, Utah,
yielded over 1,900 quids of the rhizomes and tender
leaves of the bulrush plant. Jennings says that he and
fellow project members tried chewing the plant and
found that it produced both juice and starch that was
“slightly sweet and very refreshing” (p. 224). Interesting
from the point of view of the present paper is that these
quids were produced between about 7800 B.C. and A.D.
20—demonstrating a very long tradition of making use
of sources of sweetness.

Agave quids are common in cave sites throughout the
U.S. Southwest. Hamilton (2001:83) notes that Agave
lechugilla quids have been found in many cave sites
around the Rustler Hills region of West Texas and one
such quid, from Granado Cave, was dated to 1,260 *+ 40
B.P. (p. 264). Prickly pear (Opuntia sp.) and agave were

6. Under some conditions, identifiable phytoliths may be preserved
even after charring of plant material (Pearsall, Chandler-Ezell, and
Chandler-Ezell 2003:624).
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so commonly chewed in the Archaic period (spanning
6,000 years) by hunter-gatherers in the Pecos region of
West Texas that the opal phytoliths contained in the
plant material are thought to have produced increased
wear on dental enamel (Danielson and Reinhard 1998).

STABLE ISOTOPE STUDIES

Until recently, archaeologists have generally assumed
that the presence of maize remains—be they macrobo-
tanical, pollen, phytoliths, and/or starch grains—at an
archaeological site indicated that maize was a dietary
staple. However, as Hastorf and Johannessen (1994:429)
point out, “Although maize began spreading throughout
the Americas soon after its domestication, quantitative
paleoethnobotanical evidence suggests that maize re-
mained a minor crop for hundreds of years alongside
other plants before it rose to prominence as a common
food plant.” Our analysis of stable carbon isotope studies
of human bone collagen samples from archaeological
sites in Latin America supports this observation. Past
human diet can be partially reconstructed by measuring
the ratios of stable isotopes of carbon ("*C/" C%.) and
nitrogen (**N/'*N%o) in human bone—both collagen (the
protein portion) and apatite (the mineral portion) (cf.
Price 1989, Lambert 1997, Norr 1995). The stable carbon
isotope ratio is particularly important for studying maize
consumption in ancient times because maize has a much
higher *C/** C ratio than most other plant foods found
in the Americas (van der Merwe and Vogel 1977, 1978;
Chisholm 1989).”

Most studies of human bone isotopes demonstrate that
consumption of maize played a relatively minor role in
the diet until about 3,000 B.r. We looked at nine pub-
lished isotope studies spanning the period from the first
appearance of maize to the Spanish conquest. These in-
cluded 622 individuals from well-dated sites, giving a
general overview of trends of maize consumption over
8,000 years (table 2, fig. 3). In the Mesoamerican samples,
13C/'2C ratios greater than —14.0%o0, suggesting maize as
a dietary staple, appear only in Middle Formative times
(i.e., after about 3,000 B.r.). There are four exceptions:
two individuals from early Tehuacan and two from the
Soconusco region (table 2). Samples from 16 individuals
at Cerro Mangote in Pacific Panama also show *C/"*C
ratios indicating moderate maize consumption at an
early date (between 7,000 and 4,500 B.P. [Norr 1995]). In
contrast, at most South American sites, there was a
longer delay between the first appearance of maize and
its increasing use as a major food crop, beginning around
3,000 B.P. in some areas and much later in others (fig. 3).

Paleoethnobotanical evidence shows the presence of
domesticated Zea at least as early as 5,400 B.P. in Mexico
(Piperno and Flannery 2001:2102) and perhaps not long
after in South America. The isotopic data suggest, how-

7. Maize is a C, plant, and such plants produce significantly larger
13C/" C ratios than the C, plants that constitute the vast majority
of plant foods. CAM plants, such as members of the cactus family,
also produce higher *C/** C ratios (Chisholm 1989).

ever, that it did not become a dietary staple until at least
2,500 years later. This discrepancy calls for an expla-
nation. Hastorf and Johannessen (1993) point to one
when they note that in the central Andean region the
earliest use of maize took place at ceremonial sites,
where chicha or maize beer was commonly consumed.
It was relatively late in the prehistoric sequence that
maize became an important food item as well (Murra
1960, Hastorf 1999, Staller and Thompson 2002, Tykot
and Staller 2002).

The practice of converting maize to alcoholic bever-
ages may explain the low values for stable carbon iso-
topes in the human bone studies just cited. Ambrose and
Norr (1993:27-28; cf. Chisholm, Nelson, and Schwartz
1982; Norr 1995:205-8) have shown that protein in con-
sumers is built from the protein portion of the diet, not
from fats or carbohydrates. The carbon isotopes that
make up dietary protein are directly reflected in the car-
bon isotopes found in bone collagen. Because the protein
content of maize stalk juice is negligible (it contains
mainly water and sugars), it is highly unlikely that con-
sumption of alcoholic beverages made from it would
have caused a significant amount of protein from the
maize plant to have made its way into the bone collagen
of consumers (Brian Chisholm, personal communica-
tion, 2000).

The same may have been true of chicha. Steinkraus
(1996:402~7) describes chicha making on the basis of a
wide range of ethnographic descriptions from the Andean
area. For the purposes of our present analysis the main
observations about its production are as follows: (1)
Maize kernels (sometimes sprouted) are ground to a fine
powder and then mixed with water. (2) Chewed maize
flour containing saliva is added to the mixture to help
fermentation and to break down the solids. (3) The clear
liquid decanted for fermentation is further filtered by
straining through a piece of cloth. These processes en-
sure that the brew contains very few solids and probably
only the protein that comes from the micro-organisms
remaining from fermentation. Although work remains
to be done on the specific nutrient distributions in chi-
cha, it is likely that people consuming it derived mostly
calories and vitamins from it rather than protein.

Therefore, increased consumption of maize stalk beer
and maize grain beer would have been unlikely to have
led to increased stable carbon isotope ratios in bone col-
lagen. Bone apatite carbonate, in contrast, is thought to
reflect the energy portion of the diet, including carbo-
hydrates and fats (Norr 1995:206), and therefore the sta-
ble carbon isotope ratios in bone apatite could have been
significantly higher than carbon isotope ratios in people
who were “drinking” their maize. It may not have been
until after the increase in maize cob size and productivity
that large-scale direct consumption of maize other than
as chicha had an isotopically visible impact on both col-
lagen and apatite (for an alternative view, see Ubelaker,
Katzenberg, and Doyon 1995).



SMALLEY AND BLAKE Stalk Sugar and the Domestication of Maize | 685

TABLE 2
Stable Carbon Isotope Values for Sites in Mesoamerica, Panama, and South America

Phase
Number Midpoint Average
Region of Samples Phase Dates (Years B.p.]  3C/"™ C%o Interpretation Reference
Tehuacén Valley,
Mexico
Tehuacan 8 A.D. 700-1540 950 —6.3 High maize or CAM Farnsworth et al.
(1985)
Tehuacan 2 900—-200 B.C. 2,550 —6.9 High maize or CAM Farnsworth et al.
(1985)
Tehuacan 1 §000-3500 B.C. 6,250 —6.1 High maize or CAM Farnsworth et al.
(1985)
Tehuacidn 1 6800-5000 B.C. 7,900 —13.3 Moderate maize or Farnsworth et al.
CAM (1985)
Maya region
Iximche, Guatemala 13 A.D. 1470-1520 500 -7.8 High maize Whittington and Ty-
kot (2000)
Belize 25 A.D. 900-1520 790 -9.3 High maize van der Merwe et al.
(2000)
Belize 89 A.D. 200-900 1,450 -9.6 High maize van der Merwe et al.
(2000)
Petén, Guatemala 153 A.D. 200-900 1,450 -9.3 High maize van der Merwe et al.
(2000)
Copén, Honduras 87 A.D. 200-900 1,450 -9.7 High maize van der Merwe et al.
(2000)
Petén, Guatemala 16 400 B.C.—A.D. 200 2,100 —10.2 High maize van der Merwe et al.
(2000)
Belize 28 900400 B.C. 2,650 —12.9 Moderate maize and Tykot, van der
mixed Merwe, and Ham-
mond (1996)
Soconusco: Mexico
and Guatemala
Soconusco 2 A.D. 1200-1524 590 —9.4 High maize Blake et al. (1992)
Soconusco 1 A.D. 600—-I000 1,150 —11.3 High maize Blake et al. (1992)
Soconusco 1 A.D. 300-600 1,500 -9.5 High maize Blake et al. (1992)
Soconusco 1 650 B.C.—A.D. 100 2,225 —11.8 High maize Blake et al. (1992)
Soconusco 4 850-750 B.C. 2,800 —14.0 Moderate maize and Blake et al. (1992)
mixed
Soconusco 2 1000-900 B.C. 2,900 —17.5 Low maize Blake et al. (1992)
Soconusco 1 I1100-1000 B.C. 3,050 -17.8 Low maize Blake et al. (1992)
Soconusco 2 1250-1100 B.C. 3,125 —18.0 Low maize Blake et al. (1992)
Soconusco 1 1400-1250 B.C. 3,275 —19.3 Low maize Blake et al. (1992)
Soconusco 2 3000-1800 B.C. 4,400 -9.8 High maize, CAM, or  Blake et al. (1992)
marine
Pacific Panama
Sitio Sierra IV 5 A.D. 1100 960 —12.4 Moderate maize and Norr (1995)
mixed
Sitio Sierra VI 7 200 B.C. 2,240 —10.§ Moderate maize and Norr (1995)
mixed
La Mula 6 1200-300 B.C. 2,750 —11.7 Moderate maize and Norr (1995)
mixed
Cerro Mangote 16 5000—2500 B.C. 5,750 —13.7 Moderate maize and Norr (1995)
mixed
Coastal Ecuador
Valdivia 8 A.D. 1470-1580 520 -9.0 High maize van der Merwe, Lee-
Thorp, and Ray-
mond (1993)
Valdivia 7 300 B.C.—A.D. I00 2,100 -8.0 High maize van der Merwe, Lee-
Thorp, and Ray-
mond (1993)
Valdivia 20 800-300 B.C. 2,550 —10.9 High maize van der Merwe, Lee-
Thorp, and Ray-
mond (1993)
Valdivia 10 1200-800 B.C. 3,000 —12.3 Moderate maize and van der Merwe, Lee-
mixed Thorp, and Ray-
mond (1993)
La Emerenciana 2 1850-1300 B.C. 3,675 —16.3 Moderate maize and Tykot and Staller

mixed

(2002)
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Valdivia 1 2,300-2000 B.C. 4,150 —18.8 Low maize van der Merwe, Lee-
Thorp, and Ray-
mond (1993)
Valdivia 8 3300-2300 B.C. 4,800 —19.0 Low maize van der Merwe, Lee-
Thorp, and Ray-
mond (1993)
Highland Andes
Mantaro Valley, 29 A.D. 1460-1532 454 —15.0 Moderate maize Hastorf (1988, 1991)
Peru
Mantaro Valley, 18 A.D. 1300-1460 570 -17.6 Low maize Hastorf (1988, 1991)
Peru
La Florida, Ecuador 32 A.D. 100—450 1,725 —11.3 High maize Ubelaker, Katzenberg,
and Doyon (1995)
Chavin de Huantar 4 850-460 B.C. 2,655 —18.9 Low maize Burger and van der
Merwe (1990)
Chavin/Huaricoto 3 390-200 B.C. 2,320 —18.3 Low maize Burger and van der
Merwe (1990)
Huaricoto I 2200-1800 B.C. 4,000 —18.9 Low maize Burger and van der
Merwe (1990)
Venezuela
Parmana 3 A.D. 400 1,600 —10.3 High maize van der Merwe, Roo-
sevelt, and Vogel
(1981)
Parmana 2 800 B.C. 2,800 —26.0 Low maize van der Merwe, Roo-
sevelt, and Vogel
(1981)
Total 622
Discussion between about 5,500 B.P., when domesticated maize first

Iltis’s (2000) suggestion that teosinte was first cultivated
for its sweet stalk and tender ears provides an alternative
approach to the problem of Zea’s early evolution and
dispersal. Elaborating on his idea, we have explored the
uses of maize stalks for making alcoholic beverages
among living peoples in Latin America and found that
there are many examples of this process. From North
America to the southern reaches of South America,
maize, alcohol, and spiritual and social life are inextri-
cably intertwined (Hastorf and Johannessen 1993, 1994;
Marshall 1979; Mandelbaum 1965; Kennedy 1978). If, as
we suspect, this practice is an ancient one, it likely has
its roots in the Archaic period, when people first began
to use Zea, and the spread of maize was perhaps initially
related to social and spiritual concerns to a much greater
degree than to subsistence and economic ones.

We have looked at two lines of archaeological evidence
for the early use of maize stalks and their role in the
initial domestication of maize: the remains of quids and
stable carbon isotopes. We have discussed examples of
quids from Tehuacan Valley, Tamaulipas, and a few other
sites, but to date few of these have been found. Evidence
for large-scale processing of maize stalks has yet to be
discovered, but new surveys and excavations such as
those being carried out in the Sayula-Zacoalco Lake ba-
sin by Bruce Benz and his colleagues may eventually
provide such evidence (2001b).

Stable carbon isotope measurements on human bone
samples suggest that maize was being grown and con-
sumed as early as the Archaic period but may not have
become a staple in most parts of tropical Latin America
until after 3,000 B.p. This indirect view of the role of maize
in human diet in early times leads to the question whether
there could have been another role for the maize plant

appeared, and 3,000 B.r. We have suggested that during
this period the plant was consumed in the form of stalk
juice. Consumption of beer made from the juice would
not necessarily have produced higher stable carbon isotope
ratios in human bone collagen.

This evidence, though intriguing, does little more than
help flesh out the stalk-sugar hypothesis. Clearly, a great
deal more research will be required to assess it. Among
the lines of evidence that might contribute to this effort
are the following:

1 Technology of maize stalk beer production. The dif-
ferent steps in maize stalk beer making require a range
of tools, some of which are much more archaeologically
visible than others (table 3). Of primary importance in
beer production are vessels in which the juice is allowed
to ferment. Pottery vessels are only one of many possi-
bilities; others include gourds, skins, animal stomachs
and intestines, tightly woven baskets, and clay-lined pits
(Bruman 2000). None of these are exclusive to maize
stalk beer. There remains the possibility, however, that
chemical analyses will eventually be able to pick up the
distinctive “fingerprints” of liquids that were fermented
in particular types of containers (e.g., McGovern et al.
1996). If maize stalk beer was being made in a given
container, the chemical signature of the residues may be
distinctive enough for eventual identification.

The earliest ceramic technologies in areas where
maize plants were used for alcohol making rather than
for food consumption should exhibit much greater fre-
quencies of drinking vessels than cooking vessels (Clark
and Gosser 1995). Through time, cooking vessels would
eventually have become a much more common com-
ponent of the archaeological record. However, none of
the tools that would have been used are specific enough
to this one activity that their presence in an archaeo-
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logical site could be considered a definitive indicator of
the practice. At present, the most we can say is that
Archaic-period technology certainly includes all of the
implements that would have been necessary to make
maize stalk beer, but this cannot be taken as evidence
that it was made.

2 Phytoliths. If maize stalks were being mashed and
squeezed in order to extract juices, then phytoliths might
have accumulated in abnormally high concentrations in
and around maize stalk processing areas (Piperno 1988).
These concentrations might be found in the soil and on
artifacts such as grinding stones. Furthermore, during the
earliest stages of maize plant use there would have been
more stalk phytoliths than kernel and cob phytoliths.

At the early Validivia site of Real Alto, Pearsall (2002)
reports ubiquitous maize phytoliths from house deposits.
What proportion of these phytoliths come from stalks and
leaves and what proportion from cobs? The answer to this
question might help resolve the debate about the timing
and significance of maize in the Valdivia sequence (Pear-
sall 2002, Piperno 2003, Staller and Thompson 2002,
Staller 2003). New studies of phytoliths from maize may
soon allow this sort of comparison to be made. Pearsall,
Chandler-Ezell, and Chandler-Ezell (2003) have developed
protocols for identifying maize cob phytoliths and distin-
guishing them from teosinte and other panicoid grass phy-
toliths. These techniques may eventually permit testing
of these suggestions and help to resolve an important
methodological and interpretive debate about the timing
of the introduction of maize into South America (Staller
2003, Piperno 2003, Pearsall 2002).

3 Dental evidence. Constant chewing on maize stalks

could have had two significant negative effects on the
dentition: increased abrasion from hard particles includ-
ing phytoliths in the stalks and increased caries from the
sugar content of the juice. As we have seen, intensive
tooth wear has been reported for Archaic hunter-gath-
erers of the Lower Pecos region of West Texas, where the
phytoliths in both agave and prickly pear are thought to
be the main culprits (Danielson and Reinhard 1998).
These plants were staples, and their continuous and in-
tensive chewing caused dental enamel to erode, exposing
the pulp and leading to abscesses and tooth loss. How-
ever, this is an extreme case; dental wear from diet
among Archaic populations is usually not so pro-
nounced. As Pearsall (2000:550-52) points out, dental
attrition is a complex process, and much work remains
to be done on the causes, frequencies, and rates of dental
wear for different diets and in different environmental
conditions. We suggest that occasional chewing on green
maize stalks and shoots for immediate consumption (as
reported by Iltis [2000] and discussed above for Archaic
caves in Mexico) would not have had a pronounced ab-
rasive effect on teeth.

We might also expect that increased sugar consump-
tion resulting from maize stalk chewing would cause
higher frequencies of dental caries, but the reverse seems
to be true. Dental researchers studying the process of
caries formation in sugarcane-chewing children in Kenya
have found that the chewing stimulates salivary flow,
reducing oral acid levels and removing sugars from the
tooth surface (Fejerskov et al. 1992). Another by-product
of chewing fibrous materials such as maize stalks is that
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TABLE 3

Steps in Maize Stalk Beer Making and Their Archaeological Visibility

Step

Tools Used

Archaeological Visibility

Strip the maize stalks None

Place in hollow log or stone hollow

Hollow log, tools such as adzes

None
Log low, adzes high

to hollow out log

Beat to release juices

Collect juice with a dipper

Strain juice

Add water

Add catalysts (roots, bark, or leaves)
Boil for 24 hours

Cool and ferment for three days
Drink finished product

Stones, wooden mallets or pestles
Wooden or ceramic dipper

Cloth or basket strainer

Ceramic or gourd water container
Stone grinders

Ceramic vessels, hearth, firewood
Ceramic vessels or gourds
Ceramic or gourd drinking cups

Wood low, stones high
Wood low, ceramic high
Cloth low, basket low
Gourd low, ceramic high
Stone high

Ceramic high, hearth high
Ceramic high, gourd low
Ceramic high, gourd low

SOURCE: Steinkraus (1996).

it reduces the buildup of plaque that harbors caries-caus-
ing bacteria (Pearsall 2002:551).

Large-scale processing of maize stalks to produce juice
in quantities sufficient for alcohol production could not
have been achieved by chewing the stalks. Therefore,
stalk beer consumers should show the same wear char-
acteristics as Archaic peoples with a mixed general diet,
exhibiting relatively little phytolith-induced wear and a
low incidence of dental caries.

4 Maize starch grains. Archaeologists have recently
developed methods for identifying the remnants of starch
grains from both root and seed crops preserved in ancient
sites such as the Aguadulce rock shelter in Panama (Pi-
perno et al. 2000). The presence of these maize starch
grains from early deposits dating between 7,000 and
5,000 B.P. could indicate the consumption of the kernels
as a food. Alternatively, the early grinding of maize ker-
nels could have been a part of the process of chicha mak-
ing. At present we have no way of distinguishing be-
tween the two interpretations. Future research on this
topic may be able to isolate residues in vessels (gourds,
for example) and help identify the actual context of
maize consumption.

5 Dating of the sequence. A large body of data is ac-
cumulating to suggest that maize cultivation had spread
throughout tropical Latin America by at least 6,200 B.P.
(Pope et al. 2001). Evidence of forest clearance and plant
remains including phytoliths and pollen grains from Be-
lize (Pohl et al. 1996), Panama (Piperno and Pearsall 1998,
Piperno et al. 2000), and Ecuador (Pearsall 1999) all date
to millennia before there is conclusive evidence for di-
etary reliance on maize. The early spread of maize into
such a vast and diverse area suggests that it was an ex-
tremely important plant (B. Smith 1998). This spread was
more likely propelled by the desire for a ready supply of
sugar than by the paltry supply of grain that the earliest
varieties of maize could have provided. We would expect
to see increasing evidence for early (Archaic-period) cul-
tivation of maize throughout tropical Latin America.
Studies of genetic changes in cob morphology will be
particularly important in this regard. For example, Benz
and Long (2000:460) suggest that the genetic changes that

maize underwent during its initial domestication indi-
cate that humans may have been dependent on it as a
grain crop much earlier than previously suspected. How-
ever, if our hypothesis is correct, then the early evidence
for Zea cultivation will correspond with a perplexing
lack of evidence for its use as a staple (e.g., Hastorf 1999:

52).

Conclusion

As the above points combine to suggest, there are several
problems with our stalk-sugar hypothesis, the prime one
being a lack of direct evidence—mnotwithstanding the
presence of quids indicating the occasional extraction of
the sugary stalk juice. This would, we think, be a serious
problem if there were abundant evidence for the use of
maize as a staple before 3,000 B.P. In fact, it is precisely
because there is so little direct evidence for maize as a
staple before this time that we are encouraged to look
for alternative explanations of the domestication and
spread of maize’s ancestors.

We should be prepared to encounter significant
changes in the uses of plants and animals and the roles
they played in changing subsistence systems. We should
also be ready to consider the unintended consequences
of ancient innovations. The modern uses of many plants
are far from their original ones. For example, rubber syn-
thesis and production were first discovered and perfected
by Archaic and Early Formative peoples in Mesoamerica,
who used it to make balls for playing the ballgame (Hos-
ler, Burkett, and Tarkanian 1999). The later industriali-
zation of its production to manufacture tires for auto-
mobiles—in effect, transforming rubber from an item
used only in sport and ritual to a key element of modern
transportation—could never have been foreseen by its
early Mesoamerican users. It is possible, too, that teo-
sinte’s initial users were quite unaware of the plant’s
potential to become an increasingly productive source of
carbohydrates.

The utility of the approach we have taken is that it
provides potentially useful new ways of thinking about
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Zea's evolution. It allows us to suggest that maize was
domesticated not for food but for drink—in other words,
that its eventual use as a staple was an unintended con-
sequence of its initial intensive use as source of sugar
and enjoyment. This possibility, in turn, suggests that
we should find very different kinds and patterns of ev-
idence for the plant’s initial history of use than would
be expected if it had been domesticated for its starchy
grain.

If the stalk-sugar hypothesis is correct, it suggests that
the social dimension of foods—their uses in rituals, in
alcohol production, and in trade—were equally impor-
tant as and in some cases perhaps even more important
than their strictly nutritional ones (Dietler 1990; Hayden
1990, 1992; Katz and Voigt 1986:27; Hastorf 1994:396).
The following narrative by Manuel Lépez Calixto, re-
corded by Gary Gossen (1974:326) in Chamula, Chiapas,
gives a clear indication of the deep social significance of
alcohol made both from sugarcane and from maize:

Long ago the gods had their own drinks. Our Father
had sugarcane liquor, and San Juan had sugarcane
and maize beer. Our Father made his drink with the
juice of flowers. They had a drinking party and ex-
changed drinks. When they were a little drunk, they
began to sing. The first drink was sugarcane liquor;
the second was maize beer. The first is better for
celebrating fiestas. That is why everyone all over the
earth knows it and uses it. Our Father and San Juan
taught us.

Could this reference to sugarcane liquor and the pri-
mordial drink be an oral historical link to ancient times
when maize stalks were the “cane” and provided, as sug-
gested by Bruman (2000), the source of alcohol for cel-
ebrating fiestas?

Maize’s early ancestor was transported over a vast area
of the Americas long before the plant could have been
even close to the highly productive crop that was com-
monly cultivated by later civilizations. This trade and
transport must have occurred because it had high social
value (Hastorf 1994). People were in contact through vast
chains of interaction, and the use of high-status products,
including beverages, was a significant part of those in-
teractions. We hope that our stalk-sugar hypothesis will
encourage researchers to look for new evidence to shed
light on maize’s ancestry and history.

Comments

SERGIO J. CHAVEZ

Department of Sociology, Anthropology and Social
Work, Central Michigan University, Mt. Pleasant,
Mich. 48859, U.S.A. (chaveisj@cmich.edu). 26 viI 03

Smalley and Blake’s article is an excellent summary of
sources, methods, techniques, and data related to the
early and rapid spread of maize from its homeland in

Mesoamerica. Equally commendable is their identifica-
tion of problems in the operationalization of the hy-
pothesis initially posed by Iltis (2000). My comments
derive from my archaeological, ethnographic, and his-
torical work in the southern highlands of Peru and the
Lake Titicaca Basin, but, responding as I am from the
field, I am unable to substantiate them with specific
references.

Although the authors have provided good historical
and ethnographic references for chewing and processing
of maize stalks in Mesoamerica, those for Peru and Bo-
livia (Bruman 2000:57; Litzinger 1983:42) appear to be
secondary sources. Well-known historical sources deal-
ing with maize (e.g., Acosta, Cieza de Le6én, Cobo, Gar-
cilaso, and Guaman Poma) and the accounts of explorers
such as Bandelier, Middendorf, and Squier make no men-
tion of the manufacture of cornstalk syrup. Forbes’s
(1870:250) report of the making of a fermented drink
from maize in Aymara communities is not confirmed by
other sources. One possibility is that Forbes might have
observed a rare occurrence influenced by the develop-
ment of sugarcane production. My extensive interviews
of Aymara- and Quechua-speaking peoples in the region
have yielded no confirmation for the idea except for a
single informant who had learned to make an alcoholic
beverage from maize stalks in a lower valley of Bolivia,
where sugar was also added in the process of fermenta-
tion. This unique case may also have been influenced
by the European technology. Today, the bulk of harvested
maize stalk is used as fodder for domestic animals and
is rarely chewed for its sugar content. However, this
comment does not preclude the possibility of more ex-
tensive use of cornstalks during the initial introduction
of maize in the Andes.

Smalley and Blake’s observation that in Mesoamerica
the yields of other sources of sugar for the manufacture
of alcoholic beverages are limited because of their slow
growth is certainly a good argument for the spread of
maize there, but the Mesoamerican model may not be
applicable in the Andes. For example, in the Titicaca
Basin there are cultivated sources for the production of
alcoholic beverages whose yields could easily be in-
creased—potato (historically documented) and quinua,
which has a higher protein, lipid, and glucose content
than maize (documented ethnographically). Unculti-
vated sources that are still used include wild quinua, the
seeds of the molle (which grows in the valleys), and the
berries of the macha macha shrub.

With respect to phytolith analysis, it is not made clear
here whether stalk phytoliths can be differentiated from
cob phytoliths. To my knowledge there are no conclusive
studies on the detection of residues of maize fermenta-
tion in pottery vessels. I recently collected sediment
samples from chicha-brewing vessels in various taverns
in Cuzco, but when analyzed by Robert Thompson they
proved to be the remains of fermented barley.

Of the many varieties of maize in the Central Andes,
only the yellow kind is used to produce the fermented
drink known as k’usa in Aymara or agha in Quechua.
Other varieties, for example, the purple and the white,
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are used to produce nonalcoholic beverages. Further-
more, maize is absent from the rites and ceremonies of
the region today. The only related information I collected
in the Titicaca Basin is a dichotomy of food classification
in which yellow maize is considered a warm food (eaten
during the cold months) and white a cool food (consumed
during the hot months or when one suffers from fever).

As Smalley and Blake acknowledge, the cornstalk/
maize-beer hypothesis lacks direct confirmation even for
the Andean region. However, the dramatic increase that
they point to in the use of maize as a staple at about
3,000 B.P. seems to be also a recurrent pattern in the
Andes. For example, the analysis and identification of
phytoliths in food residues derived from our extensive
excavations on Bolivia’s Copacabana Peninsula lends
support to this assertion. Specifically, Thompson was
able to identify phytoliths preserved in human tooth
plaque as well as in food residues preserved in cooking
vessels derived from materials pertaining to the Yaya-
Mama religious tradition of the Titicaca Basin (ca. 800
B.C.—A.D. 200). The identification of maize phytoliths is
significant because analyses of flotation samples have
failed to detect maize in this period.

A minor issue that is not addressed here is the con-
sumption of both maize and beans to overcome the pro-
tein deficiency in the former. Another minor point is the
authors’ reference to Danielson and Reinhard’s (1998)
report of intensive tooth wear caused by chewing prickly
pear. My own experiences and observations in the Andes
indicate that the only hard portion of the prickly pear is
the seeds, which are swallowed without chewing. In this
regard, many years ago K. V. Flannery noted that humans
are the main agents in the propagation of prickly pear
through the undigested seeds in the feces.

WARREN R. DEBOER

Department of Anthropology, Queens College, City
University of New York, Flushing, N.Y. 11367, U.S.A.
(wdeboer@qcr.qc.edu). 16 Vil 03

Smalley and Blake develop Iltis’s (2000:22) suggestion
that teosinte, with its “uniquely useless and inaccessible
grain,” was exploited initially as a sugar source, only
later to be catapulted in status to preeminent New World
cereal. Their argument allies itself with two recurring
positions in the feisty annals of “agricultural origins and
dispersals,” to use Carl Sauer’s (1952 felicitous title.
First, by divorcing present or latter-day utility from past
function, it embraces the approach that Gould (2002:
1214-18) attributed to a passage in Nietzsche’s The Ge-
nealogy of Morals. Nietzsche’s principle disengages con-
sequence from origin and thereby evades the trap of
constructing the past from presentist projection. Sec-
ondly, emphasizing the appeal of sweet and fermentable
stalks injects desirous human agents into the account,
a palliative for the stern “food crises” and “population
pressures” that haunt our angst-driven prehistories. How
charming it would be to have a snack-and-party crowd,

hassled by only an occasional aggrandizer or two, at the
base of the Neolithic!

Charm aside, the scenario grapples with some prob-
lematic aspects of the maize chronicle as it currently
stands. One is the delay between initial maize domes-
tication from a teosinte ancestor, identified as a variant
of Zea mays ssp. parviglumis centered on the Rio Balsas
drainage of Mexico (Matsuoka et al. 2002), and maize’s
takeoff as a dietary staple millennia later. In Ecuador,
Peru, and the North American Southwest and Eastern
Woodlands—areas to which maize was introduced—a
similar lag separates initial appearance from a later role
as a major crop. The prior presence of indigenous do-
mesticates in these recipient peripheries cannot alone
explain this temporal pacing, as it also characterizes the
maize homeland in Mexico. It is in this gestation period,
lengthy by the standards of Old World grains (Diamond
1997), that Smalley and Blake situate their sugary, fer-
mentable stalks. The idea is plausible and is currently
undergoing scrutiny in the debate over the role and awk-
wardly precocious timing of maize in Formative Ecuador,
the case for which leans heavily on arguable phytolith
evidence (Tykot and Staller 2002, Pearsall 2002, Staller
2003).

In thinking about the dispersal of maize across the
isthmus it may be instructive to consult the growing
body of work on neotropical foraging. For example, Balée
(1994) suggests that maize, a plant with low transport
costs, is often the cultigen last to be abandoned as mo-
bility increases among Amazonian forager-farmers. Rival
(2002:2) notes that the Ecuadorian Huaorani, desultory
cultivators by conventional standards, occasionally in-
terrupt their trekking to plant, tend, and harvest manioc
in order to host intergroup drinking parties; she cites
approvingly Maybury-Lewis’s assertion that Xavante
“harvests were thought of less as providing the essentials
for the life of the community than the bonuses to be
used for celebration.” Not only does maize stalk beer
linger here and there in Middle and South America but
so do ongoing practices which may offer glimpses of the
processes at work in the “vast chains of interaction”
which, according to Smalley and Blake, channeled the
early maize diaspora.

The rarity of direct evidence for teosinte use, the
spotty record of maize quids, and bone-chemistry profiles
indicating a low contribution of maize to human diet
can all be accommodated by the Smalley and Blake sce-
nario but are insufficient for confirming the importance
of maize beer. The authors admit this inadequacy and
propose a series of tests that are not diagnostic alone but
would be supportive in concert. Certainly an unambig-
uous chemical signature for alcoholic fermentation (Ar-
thur 2002) or for the distinctive additives that typically
accompany beer or wine production (McGovern et al.
1996) would be breakthroughs. I am dubious that a pre-
ponderance of ceramic drinking vessels acts as a signa-
ture for beer bashes. A literature survey of 70 ceramic
assemblages, each the earliest pottery reported in its
area, indicates a strong latitudinal gradient from bowls
and jars to conoidal ollas as one moves poleward from
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the equator (DeBoer 2003). I suspect that differing mo-
bility regimes and the effect of gourd and basket skeu-
omorphy, with or without ostentatious feasting, are the
major factors underlying this worldwide pattern.

Reference to “worldwide” patterns raises a query about
the scope of Smalley and Blake’s claims. “From North
America to the southern reaches of South America” cer-
tainly exceeds the aboriginal distribution of American
beers, which stopped at 35° N and S latitude (Kroeber 1948:
555; Cooper 1963:map 11). Proposals for prehistoric maize
beer in Utah (Coltrain and Leavitt 2002) and Florida (Wid-
mer 2002:388) are weakly supported, and there is little
substance to Driver’s (1961:96-97, map 12) attribution of
aboriginal persimmon beer to the mid-Atlantic seaboard,
although the chewing of sweet stalks was common prac-
tice in eastern North America as it is among many maize-
farming folks (Waugh 1916:101). In America north of the
Gila, the joys of ethanol apparently did not precede the
need for carbohydrates.

Smalley and Blake provide guidelines for rethinking
once again the story of maize. The tempo of current re-
search suggests that in a few years we will have a much
better grasp of what was brewing in the early days of
this remarkable plant.

MARY W. EUBANKS
Department of Biology, Duke University, Durham,
N.C. 27708-0338, U.S.A. (eubanks@duke.edu). 8 vi1 03

Smalley and Blake present anthropological evidence for
Iltis’s (2000) idea that teosinte was used for the sweet
liquid in its stalks prior to domestication. They hypoth-
esize that the juice was fermented into an alcoholic drink
and that this could explain the widespread geographical
distribution of Zea before it was transformed into a sta-
ple grain.

Scientists agree that teosinte is the ancestor of maize
(Bennetzen et al. 2001; Bird 1984; Doebley 1990; Iltis
2000; Eubanks 20014, b; Galinat 19774, 2001; Mangels-
dorf 1986; Mangelsdorf and Reeves 1939), but they dis-
agree about which teosinte was the progenitor, where,
when, and how it evolved into maize, and whether there
was a single origin (Iltis 2000, Matsuoka et al. 2002) or
multiple origins (Galinat 1992, Provan et al. 1999). As
Smalley and Blake point out, the initial use of the an-
cestral species was not primarily for food from grain. One
use of teosinte, as well as Tripsacum, another close
maize relative whose sugar content is slightly higher
than teosinte (Bargman et al. 1988), could have been for
the sweet stalk juice. Production of corn syrup is a mul-
tibillion-dollar business today (Rhoades 1993), and this
use has deep roots in antiquity. Other plants were used
to make alcoholic beverages for ritual communion with
the gods. Such use for teosinte may resolve seemingly
incongruous pieces of the genesis puzzle—the absence
of teosinte seeds in the archaeological record and the
wide geographical distribution of Zea prior to adoption
as a staple grain.

Fossil maize from the highlands of southern Mexico

dates to around 6,500 B.P. (Piperno and Flannery 2001).
Although microfossil evidence should be interpreted
with caution (Eubanks 1997, Rovner 1999}, Zea and Trip-
sacum pollen have been reported in Oaxaca by 10,000
B.P. (Schoenwetter and Smith 1986), several thousand
years before domesticated maize appeared. Microfossil
evidence indicates presence in Panama (Piperno et al.
2000) and Ecuador (Piperno 2003) as early as 7,000 B.P.
and in the Gulf of Mexico lowlands by 6,200 B.p. (Pohl
et al. 1996, Pope et al. 2001).

Zea mays ssp. parviglumis is the extant teosinte most
closely related to maize (Bennetzen et al. 2001, Doebley
1990, Iltis 2000, Matzuoka et al. 2002), and this has been
interpreted as proof that Balsas teosinte is ancestral
maize. Since other potential candidates for involvement
in the origin of maize (Bird 1984; Eubanks 20014, b; Gal-
inat 1973, 2001; Mangelsdorf 1986; Provan et al. 1999;
Wilson et al. 1999) were not included, additional com-
parative genomics studies are needed to test this hy-
pothesis. A prototype of ancient maize reconstructed in
crosses between teosinte and Tripsacum (MacNeish and
Eubanks 2000) provides the first experimental evidence
for how teosinte could have been transformed into
maize. To address the dearth of molecular data for Zea
and Tripsacum, Eubanks (2001b) genotyped all teosinte
species, four indigenous maize races from Mexico and
South America, and seven Tripsacum species. This com-
parative genomics study revealed that Tripsacum shares
many polymorphisms with maize and teosinte. The find-
ing that over 20% of maize polymorphisms are shared
uniquely with Tripsacum and are not present in teosinte
supports the hypothesis that Tripsacum introgression
played a role in maize domestication. How does this fit
the stalk-sugar hypothesis?

Tripsacum andersonii, a confirmed natural hybrid be-
tween Zea and Tripsacum (Talbert et al. 1990), is wide-
spread from Mesoamerica to South America. It is cul-
tivated as fodder for guinea pigs and used to mark
property boundaries (de Wet et al. 1983). T. laxum is
another cultivar used from Veracruz to Guerrero, Gua-
temala, and northern South America (Randolph 1970).
Crosses between T. laxum and Zea diploperennis pro-
duce fertile, perennial hybrids that can be reproduced by
cuttings, rhizomes, and seed. A single plant may develop
over 6o culms that quickly send out new shoots when
cut back. Such plants would provide a continuous source
of stalks for juice extraction, which could then be fed to
animals. Tripsacum carries a dominant allele for the sug-
ary gene (Galinat 1977b). Its counterpart allele in Zea is
recessive. Sugar content increases dramatically in Zea-
Tripsacum hybrids. If species of both wild grasses were
brought together as a result of human exploitation of
their sweet stalk juice, this would have facilitated in-
tergeneric hybridization. If humans discovered and cul-
tivated sweeter hybrids, early cultivators would soon
have encountered intercross hybrids with ears resem-
bling those of early maize from the southern highlands
of Mexico (see Eubanks 2001b: fig. 11). The selection and
cultivation of Tripsacum-introgressed teosinte would
have set the stage for the sudden appearance of domes-
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ticated maize, followed by its rapid adoption in Meso-
america and South America, with the subsequent explo-
sive radiation into the genetically diverse land races in
the archaeological record (Eubanks 1999). Smalley and
Blake’s thoughtful anthropological treatise on the early
use of teosinte provides a plausible explanation for the
sweet success of maize domestication.

KRISTEN J. GREMILLION
Department of Anthropology, Ohio State University,
244 Lord Hall, 124 W. 17th Ave., Columbus, Ohio
43210, U.S.A. (kgremill@columbus.rr.com). 9 VII 03

The case for maize-stalk sugar production as a stimulus
for the initial cultivation of Zea is largely circumstantial,
as Smalley and Blake recognize. They present the evi-
dence in that light and include recommendations for fu-
ture testing that might lead to more definite conclusions.
These recommendations take advantage of a wide array
of analytic techniques and data sets and represent po-
tentially fruitful avenues of investigation. However, the
widely accepted assumption that Zea was exploited pri-
marily for its grains is perhaps not as problematic as they
claim. They reject explanations based on economic ad-
vantages of early maize or teosinte as a source of grain
on the grounds that extracting nutrients from such re-
sources entails high processing costs. Given an “ample”
food supply, such a resource will be disdained by rational
foragers. The same is true (to some degree) of all the
small, carbohydrate-rich seeds that have made their way
into human diets. Many explanations for the adoption
of small seeds as food are possible: periodic shortages of
preferred foods, risk-reduction benefits of storage,
changes in density or location that cut costs or increase
profitability, or (as argued in this article) a preexisting
relationship with the plant based not on consumption
of the seeds but on some other useful property.

Discussion of the archaeological record here draws at-
tention to the scarcity of teosinte grains as a strike
against traditional “kernel-centric” assumptions about
maize domestication, yet in other contexts an effort is
made to explain the absence of evidence in a manner
favorable to the stalk-sugar hypothesis. The scarcity of
teosinte grains is taken at face value as an indicator of
their dietary insignificance, whereas the absence of
sugar-extraction residues from the archaeological record
is explained as a product of preservation bias. The stalk-
sugar argument would be more persuasive had the au-
thors taken a more consistently critical stance.

Some of the evidence presented as support for the
stalk-sugar hypothesis does not really distinguish be-
tween alternative explanations. For example, reduction
of branching might represent selection for traits other
than sugar content—domesticated sunflower evolved
similarly, and there is little reason to question the use
of this plant for its seeds and oil. Likewise, the maize-
stalk quids found on archaeological sites simply dem-
onstrate that the plant had multiple uses—a character-
istic of many, perhaps the majority of, economic plants

and a fact that says nothing about the purpose for which
the plant was first domesticated.

At the same time, Smalley and Blake have drawn at-
tention to an issue that might profitably be explored for
any number of domesticates and proto-domesticates.
The current or dominant mode of use need not be the
sole one (and, by implication, the motive or stimulus for
dietary innovation). Questions remain: How would early
removal of cobs from the plant to encourage sugar ac-
cumulation have affected cob size? Are larger stalks
sweeter stalks? Which plants provided seed corn, and
how were they selected? Predictive models might be
built along these lines to shape a rigorous test of the
stalk-sugar hypothesis.

M. ANNE KATZENBERG
Department of Archaeology, University of Calgary,
2500 University Dr. N.-W., Calgary, Alberta, Canada
T2N 1N4 (katzenbe@ucalgary.ca). 8 Vi1 03

The ideas presented by Smalley and Blake are interesting
and provocative. It appears that the practice of chewing
corn stalks extended as far north as did the cultivation
of maize. Waugh (1916) cites a 1751 report by Bartram
in which the latter observed the Iroquois “chewing raw
Indian corn-stalks, spitting out the substance after they
sucked out the juice.” The question is how to verify the
practice beyond ethnographic references and the pres-
ervation of botanical remains. Stable carbon isotopes
would seem to provide the answer, but, as Smalley and
Blake point out, most nutritional information about
maize is about the kernel, not the stalk. A small amount
of sugar from a C, plant may show up in bone carbonate,
but it would have a very small effect and could easily
be missed if other C, foods are being consumed.

Saunders, DeVito, and Katzenberg (1997) analyzed sta-
ble carbon isotopes in bone collagen from 19th-century
European settlers to Canada and compared changes in
8"3C values with historical information on the increasing
importation of cane sugar beginning around 1840. Be-
cause the consumption of C, plants was fairly low (Katz-
enberg, Saunders, and Abonyi 2001), we thought that
cane sugar might show up. We found a weak positive
relationship (r = 0.338; p = 0.067) between year of death
and §'°C for 45 individuals over the age of 12 years. Add-
ing §"3C for bone carbonate to a subset of 17 individuals,
we found a wider range of variation in carbonate §"*C in
comparison with collagen §"°C but no clear correlation
between year of death or year of birth and carbonate §**C.
Therefore, although there is clear evidence for an in-
crease in sugar consumption from the historical litera-
ture, we did not detect it from analysis of bone carbonate.
It is possible that our sample size was too small to pick
up any relationship.

It is more likely that a brewed beverage from maize
or teosinte would show up, particularly in bone carbon-
ate but possibly in bone collagen as well. If fresh stalks
with immature grains were used, as is reported in the
ethnohistoric literature, then some protein would have



SMALLEY AND BLAKE Stalk Sugar and the Domestication of Maize | 693

been included. Fermentation of maize may increase the
amount of protein because of the growth of microorgan-
isms (Super and Vargas 2000). Many of the amino acids
in collagen are nonessential and can be manufactured in
the body. This means that some of the carbon in collagen
may come from sources other than protein.

As Smalley and Blake point out, stable carbon isotope
ratios in bone carbonate may be a better indicator of
small amounts of C, plants in the diet, since carbonate
incorporates carbon from dietary carbohydrates, fats, and
protein not used in protein synthesis. Increasingly, stable
isotope studies now include stable carbon isotope ratios
from both bone carbonate and bone collagen.

In our attempts to determine whether dietary protein
and whole diet were isotopically similar among peoples
of highland Ecuador (Ubelaker, Katzenberg, and Doyen
1995), we found that the carbon isotope ratios of collagen
and carbonate were closely correlated. We included anal-
yses of biological apatite in order to determine if some
of the animal protein in the diet was from domesticated
animals consuming C, plants. We interpreted the close
correlation of stable isotope ratios in the two tissues to
indicate that both protein and whole diet were similar
in their stable carbon isotope ratios. We also concluded
that the small difference observed between high- and
low-status individuals was due to consumption of maize
beer. This conclusion was based on evidence from ce-
ramic vessels and from the stable isotope results. For beer
to cause a difference in the 6'°C of carbonate versus col-
lagen it would have to contribute more carbon to the
carbonate (most likely as carbohydrate) than to the col-
lagen (most likely as protein), but this does not appear
to be the case. There are small but significant differences
between 6"°C in high- and low-status individuals for both
collagen and carbonate.

What these two studies suggest is that, through stable
carbon isotope analysis, one would be more likely to pick
up consumption of a maize or teosinte beer than to detect
consumption of sugar from chewing on maize or teosinte
stalks. It would be helpful to carry out nutritional anal-
yses of traditional maize beer.

AUGUSTO OYUELA-CAYCEDO
Department of Anthropology, University of Kentucky,
Lexington, Ky. 40506, U.S.A. (aocayc2@uky.edu).

23 VI 03

Explanations like the one proposed by Iltis (2000) and
refined by Smalley and Blake help us to break away from
the classical preconceptions of a conjectural archaeology
(Stoczkowski 2002) toward more realistic views. The
stalk-sugar hypothesis helps us to account for the in-
consistencies in the evidence recovered from carbonized
remains, pollen, starch, and phytoliths in the search for
the magical yellow kernel or cob. Differences remain as
to where maize was first domesticated. The early pres-
ence of maize in Peru, Ecuador, Panama, and Colombia
(Piperno and Pearsall 1998) associated with a lithic tech-
nology of seed processing lends weight to the argument

that the consumption of maize occurred earlier in these
locations than in Mesoamerica. Differences also exist in
terms of how much maize contributed to the diet and
in what form it was used.

In the case of San Jacinto 1 and 2 in the savannah
lowlands of northern Colombia (at 200-500 m.s.1.), some
evidence clearly supports the arguments of Smalley and
Blake. San Jacinto 1 is a special-purpose site, one of a
variety of sites generated in the landscape by collectors.
It has the earliest fiber-tempered pottery in the New
World, dating between 6,000 and 5,300 B.p. (uncali-
brated), and this pottery was used for serving and even
fermentation rather than for cooking (Oyuela-Caycedo
1995, Pratt 1999, Raymond, Oyuela-Caycedo, and Car-
michael 1998). Cooking vessels that use sand temper
appear around §,300 B.P. in San Jacinto 2, as well as in
Monsu, Puerto Chacho, and Puerto Hormiga and in Ec-
uador and Panama (Oyuela-Caycedo 1996, Raymond
1998). The abundant ground-stone technology, especially
manos and metates, at San Jacinto 1 indicates a pro-
cessing of grains for flour, and the large number of earth
ovens indicates a seasonally consistent use for steam
cooking (Oyuela-Caycedo 1998). New evidence indicates
that the Poaceae and starchy parenchyma that were used
at the site were maize (Oyuela-Caycedo and Bonzani
n.d.). Judging from the case of San Jacinto, it can be in-
directly argued that maize was used for the extraction
of sugar and fermentation. Direct proof is lacking, but
the context of the pottery seems to support its use for
serving liquids on special social occasions (pottery was
not abundant but was highly decorated). We have con-
textual evidence of the use of seeds for flour and the
cooking of possible “tamales” in the earth ovens and
their consumption at the site.

The cycle of mobility, territoriality (Oyuela-Caycedo
1998; Binford 2001:375), and social aggregation (see Dil-
lehay et al. 2003) must be important in understanding
the stalk-sugar hypothesis, but, surprisingly, these as-
pects are not considered by Iltis (2000) or by Smalley and
Blake. Maize was a secondary source of food because of
its limited availability in time (dry season) as well as in
space (floodplain and the banks of rivers and creeks). It
was probably cultivated at the end of the rains on the
fertile, cleared areas of creek and river banks and col-
lected in the dry season three to five months later. En-
vironments with a strong dry season, such as at San Ja-
cinto and Loma Alta or Real Alto in Ecuador, favored
the occasional seasonal processing of maize as a bever-
age, for sugar extraction, or for consumption as a meal.
Understanding of the timing or seasonal constraints of
maize production is a key aspect (see Bonzani 1997, 1998)
that may reinforce the stalk-sugar hypothesis of the evo-
lution of teosinte to maize.

The process of the domestication of maize must have
begun a long time before San Jacinto 1 was occupied by
territorial forager populations. Much of the archaeolog-
ical research on maize is concentrated on highly visible
sites when the early stages of domestication of maize or
wild maize or teosinte probably took place on the banks
of creeks, rivers, and lakes after the water had receded
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(see Denevan 2002:95). The planting or natural occur-
rence of this resource was most likely concentrated,
making it easy to harvest during the dry season in the
Tropics.

The complexity of the subsistence strategies of for-
agers and collectors needs to be reexamined. The im-
portance of other plants that were exploited and man-
aged, such as gourds, roots, and palm fruits, is only
starting to emerge (Dillehay and Rossen 2002). We are
still far from understanding the complex technological
and cognitive capacity of “hunter-gatherers” and their
patterns of food consumption in conjunction with en-
vironmental constraints (Bonzani 1998) and social stor-
age (Binford 2001:371). With explanations like the one
presented by Smalley and Blake, we can start to move
along the right track of studying an unknown past with-
out biased preconceptions. With more intensive research
in the tropical lowlands we should be able to resolve the
issue of the origins of maize from a biological, archae-
ological, and social perspective in a few years.

DEBORAH PEARSALL
Department of Anthropology, University of
Missouri-Columbia, 107 Swallow Hall, Columbia,
Mo. 65211-1440, U.S.A. (pearsalld@missouri.edu).
7 VII 03

Smalley and Blake are to be commended for a thorough
job of reviewing the ever-growing literature on maize
domestication and for providing a succinct summary for
this paper. The historical and ethnographic reviews of
maize-stalk sugar use are also helpful and informative.

I also consider it likely that teosinte was initially har-
vested for its green fruits or sweet stems and that suc-
cessive harvesting and planting of seeds to increase sup-
plies of the plants led to the emergence of the
nonshattering maize cob with its naked seeds and a shift
in focus to use of those seeds (kernels) (Piperno and Pear-
sall 1998:161). I am uncertain, however, whether the hy-
pothesis that the initial use of teosinte/early maize was
as a sugar source is testable, at least through phytolith
analysis. At present only maize leaves and leaf-derived
tissues (such as husks) and maize cob residues (soft and
hard glumes, cupules) can be identified archaeologically
by phytoliths; identifying silica deposited in stalks has
not been a focus of research (see Pearsall 2000 and Chan-
dler-Ezell, and Chandler-Ezell 2003 for details on the ex-
isting identification methods). Much of the silica in
maize stalks is amorphous, although some fibers, vas-
cular elements, and epidermal cells are recognizable. The
established maize diagnostics do not occur in stalks. Per-
haps it might be possible to establish criteria for iden-
tifying stem-derived silica (rather than leaf- or inflores-
cence-derived silica) on tools or human dentitions; only
future research will tell.

One aspect of the paper that particularly intrigues me
is the difference in the archaeological evidence for maize-
stalk chewing between Mexico and Peru. While the ev-
idence is not abundant for either region, being limited

to dry caves in Mexico and dry caves and the desert coast
in Peru, the apparent lack of evidence for the chewing
of maize stalks in Peru suggests to me that human in-
terest in maize had shifted to grain production by the
time the crop was introduced into South America. (A
quick review of Towle 1961 yielded no references to
maize quids from coastal sites.) Once maize spread out-
side the range of teosinte, kernel and cob size were no
longer constrained by crossing with ancestral or weedy
Zea relatives. The subsequent increase in maize pro-
ductivity—larger kernels and larger cobs—that emerged
through the process of harvesting and planting eventu-
ally produced a plant that could compete in yields with
native South American root and tuber crops such as man-
ioc (Manihot esculenta). I believe that we need to con-
sider the apparent delay in the emergence of maize as a
dietary staple in South America in the context of the
productivity of a diverse array of native root crops (and
to consider that evidence for forest clearance may also
be indirect evidence of these crops). Why grow some rel-
atively unproductive maize along with root crops? Like
other annual seed crops, maize is easy to store, high in
protein, and quick-growing and can either be eaten green
or grown for harvest of mature seeds. The dominance of
maize late in prehistory in western South America may
also relate to its greater ease of storage and transport in
comparison with other crops.

Smalley and Blake suggest that increasing evidence of
cob and kernel accumulation in and around archaeolog-
ical sites could be used to argue for a shift from stalk
processing to grain production. While it is true that any
use of maize that requires heat (parching, toasting, roast-
ing, stewing) would increase the likelihood that kernels
and cob fragments would enter the archaeological record
as charred remains, the absence or rarity of charred maize
is more difficult to interpret. Was maize rarely charred
earlier in prehistory because stalks, not kernels, were the
focus of production, because garbage disposal practices
did not include burning of food residues, or because frag-
ile charred remains were destroyed over time in deposits?

Finally, Smalley and Blake ask what proportion of the
maize phytoliths from house deposits at Real Alto re-
ported in Pearsall (2002) came specifically from stalks
and leaves and what proportion from maize cobs. The
evidence for maize at Real Alto reported in Pearsall
(2002) is based on the presence of cross-shaped phyto-
liths, which are produced in maize leaves and husks.
Maize stalks do not produce these bodies. Research in
progress on the analysis of food residues on stone tools
and human dentitions from Real Alto should shed new
light on the issue of domestic versus ceremonial use of
maize and on its importance relative to other crops.

DOLORES R. PIPERNO
Smithsonian Tropical Research Institute, Balboa,
Republic of Panama (pipernod@tivoli.si.edu). 22 ViI 03

This fine article presents an intriguing and plausible hy-
pothesis for why maize was disseminated out of its Mex-
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ican cradle south into the tropical forest of Central and
South America during the Archaic period and, indeed,
why teosinte was originally brought under cultivation
and domesticated. We still do not have archaeological
sequences from Mexico pertaining to the earliest history
of maize, so we cannot yet specify whether the fruitcases
of teosinte were initial targets of selection pressure by
nascent Zea cultivators. T have a feeling that at the outset
most important domesticated plants, including maize,
were used as food. Nevertheless, it is clear that chicha
production and feasting were important aspects of social
relations in many regions of the Americas. Smalley and
Blake’s paper lucidly and appealingly discusses these is-
sues and will cause scholars to think about maize do-
mestication in new and important ways.

The discussion of possible skews in bone collagen iso-
tope ratios resulting from maize consumption primarily
as calorie-rich stalk sugar or grain chicha is very inter-
esting, and it highlights the growing importance to de-
bates about maize of having good data on the bone apatite
fraction. I have questioned (Piperno 1998:427-28) the ap-
propriateness of using bone isotopes, especially collagen,
from the standpoint of detecting maize consumption in
the kinds of mixed tropical horticultural economies now
well-evidenced from several sites in southern Central
America and northern South America dating to between
ca. 7,000 and 5,000 B.p. (Piperno and Pearsall 1998, Pi-
perno et al. 2000). In these situations, many calories
came from C, plants such as manioc, other roots and
tubers, and tree crops. I was especially worried about
what chicha drinking practiced as part of periodic cer-
emonial activities would do to those ratios. Smalley and
Blake’s consideration of how drinks made from maize
stalk sugar and the grain might directly suppress a col-
lagen bone isotope signal for maize relative to that ex-
pected for nonbeverage grain consumption adds an im-
portant new dimension to this problem.

I think that before we head straight to the ramifica-
tions of maize as an alcoholic beverage, we ought to
consider more the role of chichas as important sources
of dietary calories and fats. While it is true that one could
ferment just about anything quickly in the tropical heat,
nonalcoholic kinds of chichas made from any number
of fruits and grains, including maize, are routinely con-
sumed in the Neotropics today. These drinks, whether
fermented or not, are typically high in calories and fats
and may well have formed important dietary inputs and
supplements in the pre-Columbian era, even if maize
chichas were made from relatively small-grained maize
cobs. One can imagine that expert horticulturalists in
the tropical forest south of Mexico would have wel-
comed the odd maize plant and, forever seeking new ones
to make drinks with, quickly experimented with its bev-
erage-making capacities.

Bone isotope ratios on collagen from the preceramic
site Cerro Mangote in Panama indicate moderate maize
consumption between 7,000 and 5,000 B.p., when starch
grain and phytolith evidence from nearby contempora-
neous sites also clearly evidences routine processing of
kernels (Norr 1995; Piperno et al. 2000, 2001). It seems

that in Panama an early and appreciable focus was put
on the maize grain, but, as Smalley and Blake indicate,
separating beverage from kernel consumption will be dif-
ficult even when maize kernel remains are retrieved be-
cause the processing techniques for the two were prob-
ably the same or very similar and regional variability in
maize use and production was probably considerable.
In the Americas more than in southwestern Asia and
Europe, the roles of specific crop plants and their dietary
contributions varied across regional boundaries and
changed through time in ways that we are starting to
detect in archaeobotanical records (e.g., Piperno and
Pearsall 1998, Perry 2002). In light of the considerable
empirical evidence for maize consumption dating to the
Archaic period in southern Central America and north-
ern South America (ca. 7,000 to 5,000 B.P., depending on
the region), moving from a debate about whether maize
spread out of its Mexican hearth before it became a staple
crop to discussions of alternative uses of early maize
represents a timely shift in research direction. Smalley
and Blake have made a very significant contribution.

ROBERT H. TYKOT
Department of Anthropology, University of South
Florida, 4202 E. Fowler Ave., SOC 107, Tampa, Fla.
33620, U.S.A. (rtykot@cas.usf.edu). 22 vi1 03

Smalley and Blake offer a very reasonable hypothesis for
explaining the widespread diffusion of maize after its
initial domestication from teosinte in west Mexico.
Many agree that the small cobs of early maize plants
would not have been very attractive substitutes for the
wild and/or cultivated foods already being consumed in
different regions, but few alternative explanations co-
herent with archaeological and other data have been pro-
posed. While some have similarly hypothesized an early
social rather than economic role for maize, particularly
in the form of chicha beer fermented from maize kernels
(e.g., Staller and Thompson 2002, Tykot and Staller
2002}, their hypothesis is provocative in suggesting that
it was the sugary stalk which was initially important.
But is their hypothesis supported more than others by
the available archaeological and other data?

The impressive assemblage of ethnohistorical exam-
ples of maize stalk sugar use presented serves as a very
plausible explanation for the chewed stalks recovered at
the Tehuacdn Valley cave sites, but, unfortunately, quids
have not been identified at early archaeological sites else-
where, even in the dry caves of Tamaulipas, Guitarrero,
and Ayacucho where maize remains have been found. Is
this simply because maize was not chewed and discarded
in these caves on a regular basis? (There is, of course, no
question that these cave sites cannot be considered rep-
resentative of habitation sites and the activities which
would have occurred at them and therefore this is ab-
sence of evidence rather than evidence of absence.)

While it is also unlikely that maize macro-remains
could be recovered from an open-air site, it is very pos-
sible that an area of modestly intensive maize activity
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could be identified through systematic analysis of soil
samples for maize phytoliths, starch grains, and carbon
isotope ratios. Systematic analysis of anthrosols is be-
coming more common in archaeology and has potential
for contributing to our understanding of early maize use,
especially if stalk and cob remains can be differentiated
(see Thompson and Staller 2000, Piperno et al. 2001,
Pearsall, Chandler-Ezell, and Chandler-Ezell 2003).

At present, though, it is stable isotope analysis of hu-
man remains which has shed the most light on the quan-
titative importance of maize at different times and in
different places. While significantly more published (e.g.,
Tykot 2002) and unpublished data are available than are
presented by Smalley and Blake, their table 2 does give
a fair overview of the contribution of maize to carbon
isotope ratios in bone collagen. But it is not surprising
that there is a major gap between the first documentation
of maize by paleoethnobotanical evidence and its becom-
ing noticeable in collagen carbon isotope ratios. The dif-
ference in ratios between C, plants and maize (about
14%o), the precision of a single isotopic measurement
(usually no more than + o.2 for reference materials on
most mass spectrometers but at least double that for
skeletal samples), and the isotopic variation that is likely
to exist within a population eating the same range of
foods combine to require a positive shift of at least 1%o
to indicate the consumption of any non-C, foods. More
important, maize would have to constitute at least 10%
of the protein portion of the diet to produce noticeably
different carbon isotope ratios in collagen. If maize stalks
were initially important as a sugar source (fermented or
not), they would contribute hardly at all to collagen, but
the contribution of maize cobs to collagen would also be
very minor if terrestrial and/or aquatic fauna were con-
sumed in any quantity.

Carbon isotope ratios in bone apatite and tooth enamel
would, however, reveal when maize constituted 10% of
the total diet, whether in the form of protein, carbohy-
drates, or alcohol. Unfortunately, far fewer isotopic anal-
yses have been done on apatite and enamel, especially
for earlier time periods. Both bone collagen and apatite
reflect average diets over at least several years prior to
death, and therefore maize’s isotopic contributions will
be reduced if it is not consumed consistently from year
to year. Further, it is likely that, prior to the establish-
ment of storage facilities, maize was consumed mostly
on a seasonal basis. The best way, then, to demonstrate
the initial consumption of maize would be by analysis
of hair or tooth enamel. Analysis of 1-cm lengths of hair
would reveal dietary variation from month to month,
while careful microsampling along a vertical transect of
a tooth could also reveal seasonal variation. One study
done of individuals from highland Ecuador shows a dif-
ference of at least 30% in maize consumption from sea-
son to season (Tykot, Ubelaker, and Wilson 2000).

Since the available evidence strongly indicates that
maize did not become a staple in many areas despite
being present early on at great distances from highland
Mexico, I agree wholeheartedly with Smalley and Blake
that we must look for explanations other than its later

importance as a cereal crop to account for its precocious
spread throughout Mesoamerica and in much of South
America. Their hypothesis is very sound, but more re-
search is necessary to test whether it explains well the
motivation and circumstances behind the initial domes-
tication and spread of maize.

Reply

JOHN SMALLEY AND MICHAEL BLAKE
Vancouver, B.C., Canada. 7 Vil 03

In his 1940 doctoral dissertation, written under the di-
rection of Carl O. Sauer and published 6o years later,
Henry Bruman (2000:57) observed:

Sugarcane, entirely unknown in aboriginal America,
was one of the first economic plants to be intro-
duced by the Spaniards. However, a sweet cane in
the broader sense was not only known but widely
utilized prior to the Conquest. The Indians had
learned that green cornstalks contained considerable
sugar; and in many and widely separated areas, it
was common practice to crush the stalks, collect the
juice, and boil it down to a syrup.

Hugh Iltis, in his address as Distinguished Economic Bot-
anist to the Society for Economic Botany in 1998, after
decades of research on teosinte, asked why ancient Na-
tive Americans would have been interested in it and sug-
gested that “teosinte was not grown for its grain, but for
other culinary virtues,” the primary one being its “sugar-
containing pith” (Iltis 2000:30). We are pleased that most
of the commentators assess our paper in the spirit in
which it was offered—as an exploration of the archaeo-
logical intersections of these two pioneering contribu-
tions. Most of the respondents recognize that we were
suggesting an initial hypothesis about why and how te-
osinte was domesticated and its descendant, maize, came
to be one of the dominant food plants of the ancient New
World. We are indebted to them for insightful sugges-
tions and new ideas that will, we think, help guide future
research on the topic.

Chavez'’s report of the lack of ethnohistoric and eth-
nographic evidence for the chewing or processing of
maize stalks for sugar in Peru and Bolivia raises some
important questions. It may be that in the Andean region
there was a long-standing use of maize stalks as fodder
for domesticated animals and that present-day herders
and farmers rely on the maize plant for its fodder poten-
tial. This suggests the possibility that prior to the wide-
spread introduction of sugarcane pre-Columbian Andean
peoples extracted sugary juice from the stalks and then
fed the debris to their camelids and other domesticated
animals. Although Chavez says that no early South
American chroniclers mention the chewing or process-
ing of maize stalks, Garcilaso de la Vega (1966 [1609]:
499) reports that “an excellent honey is made from the
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unripe cane, which is very sweet. The dried canes and
their leaves are of great value, and cattle are very fond
of them.”

Chavez observes that, in contrast to parts of Meso-
america, the Andean region already had two sources of
easily cultivable plants that could have produced fer-
mentable sugars, potato and quinua. Their presence may
have lessened the need or desire to use maize stalks for
their sugar content, and they may have retained greater
value as animal fodder as he states. This point also sup-
ports Pearsall’s comment that “human interest in maize
had shifted to grain production by the time the crop was
introduced into South America.”

DeBoer, Pearsall, and Tykot also note that maize stalk
quids have not been recovered in South American ar-
chaeological sites. Is this simply a matter of preservation,
or could it be that the casual chewing of stalks for the
sugary pith was simply not practiced south of Meso-
america? The South American cave sites where maize
remains have been recovered also contain the remains
of camelids, among many other species. The increasing
dominance of camelids in the faunal assemblages has led
many to suggest that they were being domesticated—
and certainly domesticated camelids were common by
the time domesticated maize was present (e.g., at Gui-
tarrero Cave [Wing 1980:156]). We suggest that these do-
mesticated animals may have consumed the quids and
other stalk remains as Garcilaso de la Vega reported for
cattle.

DeBoer’s observations about Amazonian forager-farm-
ers’ using manioc, maize, and other plants to make beer
for celebrations and drinking parties rather than for sheer
survival are particularly relevant to our model. This di-
rectly relates to the important social lubrication that
beer may have provided and its role in facilitating sea-
sonal aggregations of widely dispersed communities. The
ethnographic literature documents this throughout Latin
America where alcoholic beverages were produced. How
far back this pattern extends is the subject of current
research, but we should consider the possibility that
maize stalk beer was but one example of this larger social
process. Archaic peoples may have been eager to find
ways of creating novel foods and drinks for social gath-
erings and feasts, and maize stalk beer may initially have
been one such source of novelty (Hayden 2003).

DeBoer questions whether large numbers of ceramic
drinking vessels at a site would necessarily indicate fre-
quent or large-scale beer drinking. We agree that the pres-
ence of serving vessels in an assemblage is not sufficient
for the interpretation of a beer bash, but some sort of
serving mechanism is a necessity. In order to make more
reliable interpretations of vessel functions, it will be nec-
essary to study many attributes besides shape to deter-
mine which pots were devoted to serving food and drink
and which were used for cooking and storage. For ex-
ample, we would expect serving vessels to show much
more elaborate decoration. Cooking vessels should have
temper characteristics that help them resist thermal
shock. Oyuela-Caycedo presents an intriguing example
of this pattern. He and his colleagues have found very

early fiber-tempered pottery used for serving and fer-
mentation. His study and others (e.g., Chavez, Arthur
2002, Staller and Thompson 2002) have identified chem-
ical and microbotanical residues in ceramic vessels and
should allow us to catalogue the range of uses of indi-
vidual vessels and ultimately help distinguish vessels
used for manufacturing and consuming beverages.

With regard to identifying vessels used to produce stalk
beer versus maize kernel beer, Chavez reminds us of the
need to develop methods of distinguishing between stalk
and cob phytoliths. At present, as Pearsall points out,
“only maize leaves and leaf-derived tissues (such as
husks) and maize cob residues (soft and hard glumes,
cupules) can be identified by phytoliths.” Ongoing re-
search by maize phytolith experts such as Pearsall, Chan-
dler-Ezell, and Chandler-Ezell (2003) may provide new
means of differentiating between stalks and the other
parts of the maize plant (and also between different spe-
cies and subspecies of Zea).

Chavez’s evidence from excavations at sites on the
Copacabana Peninsula in Bolivia supports our observa-
tion that the consumption of maize as a primary food
staple did not become widespread until after about 3,000
B.r. Could the maize phytoliths he reports in dental
plaque and in residues on cooking vessels and the low
frequency of maize macrofossils in flotation samples be
a result, as suggested earlier, of the use of agricultural
plant debris as fodder for domesticated animals living in
and around settlements? This argument is not wholly
satisfying, because maize remains do become more com-
mon in later sites, when presumably there were even
more animals around.

Eubanks provides an elegant hypothesis for the hy-
bridization of Tripsacum and Zea, both of which have
sugary stalks. The first implication of her suggestion is
that early farmers may have used and even encouraged
hybrid crosses to take advantage of the resulting in-
creased sugar yields. The second is that this hybridiza-
tion process could have accounted for the development
of primitive cobs in early Zea. This scenario, which will
undoubtedly be tested with new genetic data, fits well
with Iltis’s (2000:27) observations concerning Beadle’s
“great teosinte mutation hunt” in 1971. The absence of
observable mutations in about 70,000 teosinte plants and
over a million fruitcases suggests that teosinte may
never have spontaneously mutated on its own to become
maize. Instead, the hybridization of teosinte and Trip-
sacum, outside of teosinte’s natural habitat, could have
produced the early cobs that later became the object of
so much human interest. The stalk-sugar hypothesis pro-
vides the mechanism for the initial planting of teosinte
outside its natural habitat, leading to the opportunity for
hybridization, perhaps first for sugary juice (which Eu-
banks points out is dramatically increased in Tripsacum-
Zea hybrids) and only later for seed-bearing cobs.

Piperno observes that experimentation with the bev-
erage-making capacity of maize could have accounted
for the early grinding implements and starch residues in
Panama. She notes that horticulturalists could have been
primed to experiment with any new plant that became
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available. We should not forget that people may have
begun to grow maize, as a supplement to a wide range
of existing cultivars, simply for its taste and its novelty—
possibly at a time of the year when such foods were most
appreciated (see also Oyuela-Caycedo).

Gremillion’s argument that the absence of evidence
for teosinte seeds in the archaeological record should not
be taken as the basis for rejecting the food uses of teosinte
is somewhat hard to follow. Teosinte seeds are extremely
durable. If charred, they would be likely to last for mil-
lennia in the archaeological record (as are charred maize
kernels). Their near absence from archaeological sites in
Mesoamerica would be surprising if indeed they were an
important food source. Other small seed plants that were
consumed regularly leave behind macroremains—either
charred in open-air sites or desiccated in dry cave sites.
Where small seeds were being harvested for food, then
the potential for large numbers’ eventually making their
way into the archaeological record by several pathways
is high (Pearsall 2000:242). Even in the humid Neotrop-
ics, charred seeds 1 mm or less in diameter are regularly
recovered by modern flotation techniques. Iltis joked in
his 2000 article (p. 27) that “[George| Beadle delighted
in bringing with him a bag of Chicago-baked ‘teosintillas’
into the field and ‘experimentally’ feeding them to his
captive associates, with an encouraging ‘not bad-tasting,
eh?’ [Oh yeah? Made up of ground up grains but also
woody fruitcases (cupules and glumes), they tasted noth-
ing so much as salted, dry, brittle brown cardboard, an
unacceptable candidate for human food, even if fed to us
by a kindly Nobel Laureate!]”

Katzenberg points to the significance of variation in
6"3C values of bone carbonate versus collagen in indi-
viduals and the implications for the consumption of pro-
tein and carbohydrates. We agree that the best way to be
sure about the impact of maize beer consumption on §'*C
values is to undertake nutritional analyses of maize beer
(and, as Piperno suggests, its nonalcoholic cousins) under
controlled circumstances. Another useful future study
would be the analysis of feeding experiments using tra-
ditional maize beer, maize, and C, plant alcohol. Such
experiments are currently being planned by Brian Chis-
holm in the Archaeochemistry Laboratory at the Uni-
versity of British Columbia.

Tykot’s point about the large proportion of maize in
the diet (> 10%) that is necessary for it to be isotopically
visible is an excellent one. This is especially useful in
rethinking the long-term trajectory of maize consump-
tion in various parts of the New World. The timing of
maize use as a staple may be revealed by comparing col-
lagen with apatite 6"3C values. As he suggests, it will be
helpful to examine much larger samples of isotope data,
particularly for apatite, in order to interpret the role of
maize in the whole diet and not just the protein con-
tribution.

Oyuela-Caycedo brings up the important point of mod-
eling the early use of maize in relation to the broader
issues of hunter-gatherer mobility and subsistence strat-
egies. His work at San Jacinto indicates that maize was
used seasonally in several forms: as a beverage, for sugar

extraction, and for direct consumption. We agree that
the importance of maize in this region and perhaps the
key to its early adoption may have been its ability to
bridge the wet-season-dry-season food gap. The various
species of Zea were, however, grown in an exceedingly
diverse range of habitats: from the arid north of Mexico
and the Southwestern United States to the Northeast of
North America and the tropical lowlands of Central and
South America. The initial roles and uses of maize in
these different geographic and social contexts must have
been quite varied, and it is not possible to create one
model for its earliest adoption. In the tropical lowlands
it may have been planted on the banks of rivers and
creeks after the waters had receded. In highland areas it
may have been planted on seasonally watered hillsides
or in forest clearings. There are many other possibilities
besides. Maize’s ability to adapt to a wide range of en-
vironmental conditions (Muenchrath and Salvador 1995)
makes it uniquely well suited to transportation and
spread far beyond its homeland for many uses ranging
from food to drink.
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