








74 CASAS et al. Vol. 19, No. 1

TABLE 1.— Indigenous ethnic groups from the southern Pacific slope of Central
Mexico.

Ethnic group Distribution within the region
Amuzgo Guerrero, Oaxaca

Chatino Oaxaca

Chinantec Qaxaca

Chontal de Oaxaca Qaxaca

Cuicatec Qaxaca

Huave QOaxaca

Ichcatec QOaxaca

Mazahua Michoacan, México

Mazatec Qaxaca

Mixtec QOaxaca, Puebla, Guerrero
Mixe Oaxaca

Nahua Oaxaca, Puebla, Guerrero, Michoacan, México, Morelos
Otomi Puebla, México
Chocho-Popoloca Puebla, Oaxaca

Purépecha Michoacén, Guerrero
Tlapanec Guerrero

Triqui Oaxaca

Zapotec Oaxaca

Zoque Oaxaca

Smith (1967) reported remains of nine cactus species (Table 2) from archaeo-
logical excavations in the Tehuacén Valley and remains of Opuntia sp. from Guild
Naquitz (Smith, 1986). Among the species identified, the columnar cacti are at
present important plant resources in the region. However, because archaeological
remains of these cacti were not abundant in the floor of the caves studied, Smith
(1967) considered that they were not significant items of the diet of ancient people.
But this information contrasts with that found in human coprolites by Callen (1967)
who, based on characteristics of seeds and crystals in stem tissue, distinguished
the following types of cactus remains: 1) “Opuntia spp.”, 2) “Lemaireocereus” (spe-
cies of the columnar cacti genera Pachycereus and Stenocereus according to current
nomenclature) and 3) “cactus tissue” (unidentified cacti, including possibly co-
lumnar cacti). In the earliest coprolites found, from the El Riego phase (6,500-5,000
B. C.), Callen identified the three types of cactus remains to be part of a wild food
diet along with Setaria seeds, pochote roots (Ceiba parvifolia Rose), maguey leaves
(Agave spp.) and meat. In the Coxcatlan phase (5,000-3,500 B.C), stem tissue and
fruits of “Opuntia” and “Lemaireocereus” were equally dominant material. Accord-
ing to Callen (1967), in the Abejas (3,500-2,300 B.C.), Ajalpan (1,500-900 B.C.), Santa
Maria (900-200 B.C.), Palo Blanco (200 B.C.-A.D. 700) and Venta Salada (A.D. 700-
1,540) phases, consumption of “Lemaireocereus” stem tissue, fruits and seeds could
be more important than products of “Opuntia”, and during Ajalpan and Santa
Maria phases, “Lemaireocereus” could be the principal plant constituents in human
coprolites.



TABLE 2.—Archaeological remains of cacti from the Tehuacan Valley (based upon MacNeish, 1967 and Smith, 1967).

Phase Ajuereado ElRiego Coxcatldin  Abejas Purrén  Ajalpan Sta. Palo Venta
Maria Blanco Salada

Radiocarbon date 14 000- 8 800- 7 000- 5 400- 4 300- 3 500- 2 800- 2150-  1300-

(years B.P) 8 800 7 000 5400 4 300 3500 2 800 2150 1300 500

Cephalocereus hoppenstedtii' X X X X

Echinocactus platyacanthus X X

Escontria chiotilla® X X

Ferocactus latispinus X X

Myrtillocactus geometrizans' X X X

Opuntia spp. X X X X X X X X X

Pachycereus hollianus! X X X

Pachycereus weberil X X X X X

Stenocereus stellatus! X X

1Columnar cacti
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Francisco Hernandez (1959), the official physician of the Spanish King Felipe
11, described several species of Opuntia, Ferocactus, Mammillaria, Hylocereus, as well
as Myrtillocactus geometrizans (C. Martius) Console and a possible Sterocereus spe-
cies called also “teonochtli”.

In the “Geographic Relations of the XVI Century” there are several references
on the presence, use and management of Opuntia as well as toponymic names
referring to this genus. However, the only reference to columnar cacti within the
area of the south Pacific slope is found in the “Relation of Acatl4n”, a village near
Tehuacén. This Relation, written by Juan de Vera in 1581 (Acufia, 1985), refers to
the “teonochtli”, which is found in chapter 22 in which the wild trees are de-
scribed: “Hay otro arbol silvestre llamado teonochtli, que son unos cardones
grandes, que lleva una fruta llamada pitahayas, muy gustosa y agradable, su
madera arde como tea, y se sirven della para alumbrarse.” (“There is another wild
tree called teonochtli, which is a big spiny plant with a fruit called pitahayas, very
tasty and nice; its wood burns like a candle, and people use it for lighting”). This
plant could be Polaskia chichipe (Rol.-Goss.) Backeberg, the only local columnar
cactus species used at present as a candle.

Ethnobotanical information.— In the study area, nearly 40 species of Pachycereeae
can be found (Bravo-Hollis, 1978; Davila et al., 1993; Valiente-Banuet et al. 1996)
(Table 3). All of these species produce edible fruits that may be collected and con-
sumed by people. Nearly half of these species are giant columnar cacti, 10-15 m
tall, characterized by a slow vegetative growth, flowering for the first time several
decades after seed germination and, according to local people, for these reasons
they have not been cultivated (species with habit “G” in Table 3). However, 20
species are of smaller height (2 to 8 m), relatively fast vegetative growth (the first
flowering occurring 6 to 10 years after seed germination or 2 to 4 years after veg-
etative propagation), with most of these having clonal propagation and, according
to local people, for these reasons they have been viable for cultivation (species
with habit “S” in Table 3). Among these species, an exceptional morphological
variation, apparently associated with human management, can be observed in
fruits of Stenocereus stellatus, S. pruinosus, S. griseus, S. fricci, S. queretaroensis, S.
treleasei, Escontria chiotilla, Pachycereus hollianus, P. marginatus and Myrtillocactus
geometrizans.

Uses.— Food. Columnar cacti are used mainly for their fruits, which may be con-
sumed as both fresh and dried “pasados” fruits, used for preparing jams (use “1”
in Table 3). Although fruits of all species are sometimes consumed by people, it is
possible to distinguish: 1) those species producing juicy sweet fruits, which are
considered in this study to be “good quality fruits” which are preferred for har-
vesting; 2) those species considered as “regular quality fruits”, which are only
occasionally gathered. These include species whose fruits are difficult to obtain
due to scarcity of individual plants or populations, or because branches are too
tall. Also included are those species whose fruits are difficult to consume because
of long or abundant spines and persistent areoles, or with not very good flavor;
and 3) those species whose fruits lack juicy pulp and are rarely consumed.

Seeds of the columnar cactus species indicated in Table 3 (use “2”) are con-
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for firing pottery, because the specific heat and low amount of smoke produced
when burning branches of these species are considered by people to be particu-
larly efficient for this activity.

Traditional management.— Gathering. Peoples of the area commonly gather fruits
and other useful products of columnar cacti from wild populations (cultural sta-
tus “W” in Table 3). In general, people said that they gather fruits selectively,
preferring larger fruits of species or variants with juicy pulp, sweeter flavor, thin-
ner pericarp, shorter and fewer spines and deciduous areoles.

Forms of management in situ. Additional forms of interaction can also be observed
with some of the columnar cactus species. For instance, people frequently tolerate
or let stand individuals of up to 18 species of columnar cacti when they clear the
vegetation for cultivating maize (cultural status “M” in Table 3). This form of man-
agement is part of a general form of management in situ of useful perennial plants.
It is also a common practice that people sow in these areas seeds of species of
legume trees and plant vegetative propagules of the columnar cacti tolerated, in
order to enhance their abundance in populations. Because the individuals of these
tolerated species compete with the cultivated plants, people carefully select which
species are the best for sparing. Their decision takes into account the usefulness of
the species to spare. In the Tehuacén Valley, for instance, according to directed
interviews, people manifested their preference to tolerate different species in the
following order, according to their utility: Leucaena esculenta, Prosopis laevigata
(Humb. and Bonp. Ex Willd.) M.C. Johnston, Stenocereus stellatus, S. pruinosus,
Pachycereus hollianus, P. marginatus, Myrtillocactus geometrizans, Pithecellobium dulce,
Escontria chiotilla, Polaskia spp., Pachycereus weberi, Beaucarnea gracilis Lem. and
Mitrocereus fulviceps (Weber) Backeberg ex Bravo. They also take into account the
characteristics of the useful products of the individuals within each species. In the
case of columnar cacti, people prefer to spare mainly individuals with big fruits,
sweet flavor, thin pericarp and few spines. However, the tolerance of other pheno-
types is also common, especially when there are no other useful species or
phenotypes competing. Sometimes, people prune the tolerated plants in order to
improve conditions for growing maize.

Cultivation. A total of 12 species are cultivated (cultural status “C” in Table 3),
mainly by planting vegetative parts in home gardens or in agricultural fields where
they serve as living fences or as barriers to prevent soil erosion. In general, people
cut vigorous branches from mature wild or cultivated individuals. Pieces of
branches used for this purpose may be 20 to 150 cm long. They are left exposed to
the sun for ten or fifteen days in order that the cut surface may dry, thus reducing
fungal and bacterial infections. Then, the branches are planted in holes 10 to 40 cm
deep with cattle or goat dung added as fertilizer before planting. They are usually
planted just before the rainy season. They are eventually irrigated and ash is com-
monly deposited, as fertilizer, on the soil covering the main stems.

Individuals of columnar cacti cultivated in home gardens may also be derived
from seedlings which grew from seeds dispersed via bird, bat or human feces.
Because people generally do not recognize variants of columnar cactus species
based on vegetative characteristics, decisions on eliminating or sparing individu-
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als are taken after four to ten years, depending of the species managed, when the
individuals first produce fruits.

Indigenous nomenclature and classification of columnar cacti— Nahua classification.
The Nahua people from the Municipality of Coxcatlan classify the cacti in six great
categories (Figure 4). The first is “nopalli” which includes all the plants of the
genus Opuntia; the second is “nopal-xochitl” (“nopal with flowers”) and includes
species of epiphytes with flat stems and beautiful flowers, such as species of the
genus Nopalxochia; the third is “huitznahuac” (“surrounded of spines”) or “comitl”

IPRIMARY LEXEME J SECONDARY LEXEME | VARIETAL CATEGORIES |

-Iztacnoch nopalli (white fruits)
Nopalli Xoconoch nopalli (sour fruits)
(Opuntia spp.)

Tlalnecxnoch nopalli (purple fruits)

‘oz nopalxochitl (yellow flowers)
Nopalxochit! ztac nopalxochitl (white flowers)
(Nopalxachia spp.)

Chichinopalxochitl (red flowers)

Tepepoa nochtli

(Myrtillocactus geometrizans)
otz nochtili (Polaskia chende)
Nocheuauidl Tepequio nochtli (Polaskia chichipe)

(species of columnar cacti)

Cuapetla nochili (Stenorerus pruinosus)
Chich xoconochtli
(red fruits)
Iztac xoconochtli
(white fruits)

Xoco nochtli (Stenocereus stellatus)

Cotz xoconochtli
(yellow fruits)
lanec xoconochtli
(purple fruits)
Hultznahuac (spherical cacti)
Cuaunochtli (epiphytic cacti)
Puyotl (hallucinogenic cacti)

FIGURE 4.- Nahuatl system of classification of cacti.
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“chimilé6-nddnu” (“big spherical cactus”) in which Ferocactus and Echinocactus
species are included, and “chimil66-cudti” (“small spherical cacti”) which includes
Mammillaria and Coryphantha species. The third main group is formed by colum-
nar cacti classified using the term “ndichi” as folk generics, which is also used for
naming fruits of columnar cacti.

Species of columnar cacti are distinguished using particular terms. For ex-
ample, “ndichi-néni” (“maize fruit”) is used for naming Myrtillocactus geometrizans;
“ndichi-quiti” for Pachycereus weberi; “ndichi-cddya” (“sandy prickly pear”) for
S. stellatus; “ndichi-cuan” (“yellow prickly pear”) for S. pruinosus; “ndichi-ydad”
(“white prickly pear”) for Polaskia chichipe and “ndichi-laya” for P. marginatus.

The Mixtec thus clearly distinguish between fruits of Opuntia and fruits of
columnar cacti naming them as “chiqui” and “ndichi”, respectively. Fruits of spheri-
cal cacti are also called “chiqui”, but, although they are also occasionally consumed,
these are not considered by the Mixtec for the classification. Use of different names
for fruits of Opuntia spp. and columnar cacti has also been found among the Zapotec
of San Juan Mixtepec, Oaxaca (Eugene Hunn, personal communication).

Variants of columnar cacti are classified based on fruit characteristics. In the
case of S. stellatus, for instance (see Casas et al., 1997b), the first level of classifica-
tion is based on color of the pulp. The Mixtec distinguish two main categories of
“xoconochtli” according to their color: the red “xoconochtli” (“ndichi-cddya-cuad”)
and the “colored xoconochtli” (“ndichi-cddya-color”) in which they group
xoconochtli with fruits of the three other colors (including white) that they recog-
nize. They consider the red color as a wild characteristic.

DISCUSSION

Although both archaeological and historical sources indicate a continuous long
history of utilization of columnar cacti by peoples of the south Pacific slope re-
gion, no evidence could be found in such sources about cultivation of these plants.
In relation to the historical documents, it is difficult to accept that people who
wrote them did not observe the presence of columnar cacti in the Indian home
gardens as they can be seen at present. One possible explanation for this omission
in the documents could be that Spaniards did not consider fruits of columnar cacti
to be important resources, and for this reason they did not describe them as they
did not describe many other plants. In this respect, it could be illustrative to men-
tion that in the case of Opuntia, there are several references on cultivation of those
species dedicated to the production of the “grana” (cochineal), a very important
product for the Spaniards, but there are no references to those species dedicated to
the production of prickly pear fruits. But another possible explanation for such an
omission is that cultivation of columnar cacti started more recently, as suggested
by Pimienta-Barrios and Nobel (1994) in the case of Stenocereus queretaroensis.

Additional archaeological and historical evidence is needed for answering this
question, but botanical studies might also provide helpful information. These stud-
ies would allow us to examine evolutionary changes of columnar cacti under
domestication by comparative analysis of morphological and genetic variation
among wild and manipulated plant populations, as well as the analysis of repro-
ductive biology and other biological aspects commonly affected by human
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manipulation. This information might contribute to evaluating the extent and trends
of changes under domestication and to better understanding about the antiquity
of human manipulation.

The ethnobotanical information obtained indicates that at present people make
decisions about how to manipulate columnar cacti species or variants according
to the quality of their products, and their role in human subsistence (Figure 7).
Thus, the species and variants cultivated or managed in situ are generally those
with the most useful fruit characteristics. However, as we found in the case of
Stenocereus stellatus (Casas et al., 1997b), cultivation is particularly intensive in ar-
eas where the commercialization of fruits or their consumption by households
makes necessary the production of more and or better fruits.

Quality of products

Gathering

Role in human subsistence

Management in situ
Availability of products in the wild
Cultivation

Viability and ease of manipulation

FIGURE 7.- Factors influencing types of interactions between people and columnar cacti.

Availability of plant resources is another crucial factor influencing the way
they are manipulated, and this seems to be a general pattern of plant management
in the area. Thus, we found that Leucaena esculenta and S. stellatus are intensively
cultivated generally in places where wild populations are scarce, but not where
they are abundant in the wild (Casas and Caballero, 1996; Casas et al., 1997b).
Also, Messer (1978) refers to a Zapotec informant who affirmed that “...we have
the chipil (Crotalaria pumila) seeds to plant for the time when there are none in the
fields so we will have greens to eat”. A similar situation was observed by Casas,
Viveros and Caballero (1994) among the Mixtec of Guerrero who, during the dry
season, cultivate Crotalaria pumila and Anoda cristata and enhance Amaranthus
hybridus L., in order to increase their availability.

The viability and ease of manipulation is also important. Thus, although spe-
cies such as Neobuxbaumia tetetzo, N. mezcalaensis, Mitrocereus fulviceps and
Pachycereus weberi, among others (Table 3), produce fruits of a very good quality,
they are not cultivated ex situ because their slow growth makes unattractive the
effort of sowing seeds and taking care of seedlings whose products most probably
are not going to be seen by the sower. Slow growth may not be relevant for mak-
ing decisions on managing wild populations of such species in situ since people
simply tolerate their presence during the clearing of vegetation. However, the ef-
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fect of artificial selection favoring particular phenotypes of these species in situ
might be hardly notorious given the difficulties people have increasing numbers
of desirable phenotypes by intentional direct propagation. Furthermore, when
seeds of desirable phenotypes are sown, their generally outcrossing reproduction
system (Casas et al., 1999b; Valiente-Banuet, et al. 1996, 1997a; 1997b) would make
uncertain that the phenotypes selected were those expressed in the progeny sown,
due to the additive genetic variance of desirable traits. On the contrary, the fixa-
tion of desirable characters in species with vegetative propagation such as S.
stellatus, S. pruinosus or S. queretaroensis (Table 3) is relatively easy. In these species,
the reproductive system is generally also outcrossing (Casas et al., 1999b, Pimienta-
Barrios and Nobel, 1994), but artificial selection on progeny from sexual
reproduction is possible because they grow relatively fast.

Traditional classification of species and infraspecific variants of columnar cacti
are generally based on characteristics of fruits, particularly size, color, and flavor
of the pulp, as well as spininess and thickness of the peel. Fruits are at the same
time the main useful parts and the characteristics mentioned are used by people
for characterizing the quality of the fruits. Combinations of states of such charac-
teristics may produce a broad spectrum of species and variants recognized by

Wild populations > Management in situ ?
(Mitrocereus fulviceps, Neobuxbaumia tetetzo
Pachycereus weberi,P. pecten-aboriginum,

Stenocereus dumortieri S. fricii, S. chrysocarpus)

N
Management in situ

v
Cultivation
(Escontria chiotilla, Myrtillocactus spp., Pachycereus hollianus,
P. marginatus, Polaskia spp. Stenocereus pruinosus,
S. queretaroensis, S. quevedonis, S. standleyii, S. stellatus, S. treleasei)

FIGURE 8.- Possible routes of domestication of columnar cacti.
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