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INTRODUCTION

These papers, presented at a symposium on prehistoric agriculture

during the sixteenth annual meeting of the Southwestern Division of

the American Association for the Advancement of Science, held at Flag-
staff, Arizona, April 27 to 30, 1936, are a result of a suggestion made

at the Santa Fe, N. M., meeting in 1935. At that time there was
pointed out the lack of organized investigation of, and exact informa-
tion on, such items as the origins of prehistoric cultivated plants in the
Southwest, their distribution in time and space, aboriginal farming
practices, and the methodology of research in prehistoric agriculture.
A committee was appointed to organize the symposium as a part of the
program of the Social Sciences Section. Despite the inability of a
number of invitees to participate, a full program of eight papers was
organized.

Papers I and II are discussions of the origin of maize by two of
the four or five botanists best qualified to write on this subject. A
consideration of these two contributions immediately focuses attention
on, among a number of moot points, the question of the length of time
requisite for the perfection of maize as a human foodstuff. The solu-
tion of this problem will, perhaps,' determine the antiquity of agri-
culture in the New World, and provide a comparison with the Old
World.'

Many other problems, connected with maize, remain for the bot-
anist and anthropologist to solve. Neither the place of origin nor the
ancestral form has been determined. It is to be hoped that henceforth
anthropologists will not glibly assign to maize a cradle in southern
Mexico or Guatemala, and a teosinte paternity, without explicit quali-
fications.

Paper III is a consideration of one aspect of the technology of
plant utilization. It should be but one of a growing series on not only
the preparation of plants for human consumption, but also the outlin-
ing of aboriginal agricultural techniques throughout the Americas,
and the mapping of distributions of the component elements. The

L Carl Sauer, in American Agricultural Origins (Essays in Anthropology pre-
sented to A. L. Kroeber, Berkeley, 1936), especially pp 290-294, ably presents argu-
ments for the possibility of several New World plants having been cultivated as long
or longer than maize.

2. 0. F. Cook, ("The Debt of Agriculture to Tropical America," Bulletin of the
Pan American Union, September, 1930 ; "Peru as a Center of Domestication," Journal
of Heredity, 16:2-3, 1925), and J. F. Kempton, ("Maize, the Plant-Breeding Achieve-
ment of the American Indian," Old and New Plant Lore, Smithsonian Scientific Series,
Washington, 1931) are definitely committed to the theses that agriculture is more
ancient in the New World than in the Old, and that maize is the most ancient of
cultivated cereals.

[ 5 ]
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humble metate or the grinding pan deserves to be studied and mapped
just as much as do relationship systems or avoidance customs, if the
anthropologist wishes to develop his sketch of the cultural history of
man in its proper perspective. Nordenskiold, Linne, Bartlett, and a
few others have made a beginning, but this promising field is virtually
untouched. Seemingly, the assumption has been that the origins and
diffusions of cultures can be determined by analyzing and tracing the
few and particular elements that academic convention, personal inclina-
tion, and convenience, have selected as critical criteria.

Paper IV represents the results of a substitution of experimental
laboratory method for that of those who would rather sprinkle hypo-
thetical irrigation systems over the Southwest, or laboriously and
mathematically transfer—on paper—to the Pueblo area and Guatemala
the fluctuations in precipitation supposedly indicated by tree rings
of California Sequoias, rather than actually test the soil and climate
by experimental plantings. An increase in the number of such experi-
mental farms, planted not only to all available varieties of maize but
also beans and cucurbits, and equipped with meteorological instru-
ments, should eventually aid the dry-farmers of the Southwest as well
as anthropologists.

Papers V and VI add to our knowledge of large scale irrigation
as practiced by the American Indians. Along this line there is indi-
cated a need for a careful and comprehensive mapping of all existing
prehistoric irrigation, drainage, and related structures. For the
workers in erosion control and soil conservation there may be valuable
lessons to be learned from a study of "agricultural" trincheras
western Chihuahua and eastern Sonora, and similar retaining walls
in the upper stretches of the Gila drainage system. Olmstead and
Reagan sensed these possibilities a number of years ago.

Paper VII is the most complete statement to date of information
pertaining to the distribution of cotton culture in the Southwest in
prehistoric and Spanish-colonial times. The references cited are, for
the most part, also the chief sources for a documentary study of the
Southwestern agricultural complex in the years 1540 to 1640.

The eighth and last paper of the symposium outlines the method,
and some of the results, of an attack on the problem of dating plant
introductions in areas and periods of construction in adobe. This
technique promises to be to the botanist what dendrochronology has
become to the archaeologist in the Southwest.

The above papers represent but a sampling of what is yet to be

done in a study of prehistoric agriculture. The questions that arise

to mind are legion. When and how did the Irish potato arrive in the

Southwest? When was tobacco first cultivated? What were the

prehistoric sources of smoking herbs? What was the origin of the
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elbow pipe, such as was found at Pueblo Bonito? Was Capsicum common

cultivated? Was the tepary bean brought under cultivation in the

Southwest, or introduced from southern Mexico, as Vavilov intimates?

Are cucurbits definitely more recent than Phase°ins sp. in the Anasazi

area? Do "drought" rings in a dendrochronological specimen neces-
sarily mean that summer precipitation was insufficient to mature

crops? What significance, if any, attaches to the fact that many of

the large ruined pueblos east of the Rio Grande are located on Ab6
red sandstone? Why were good metates "killed" at so many of the

sites in southern Arizona and New Mexico?
One of the basic problems is the origin of the various prehistoric

cultivated plants. This must be worked in co-operation with those
who are studying the origins of all cultivated New World plants as,
with few exceptions, no plant has been definitely placed in its original
locale. Phytogeographers, geneticists, taxonomists, pollen specialists,
dendrochronologists, archaeologists, ethnologists, philologists, and his-
torians—all must join in the study, for the lines of approach are many.

The historian can examine the written records. In the reports

and chronicles of European discoveries, explorations, conquests, and

settlements (such as those of Columbus, Cortez, Coronado, and Oviedo

y Valdez) are to be found statements as to distribution, cultivation,

use, trade, native names, etc. The religious have provided many valu-

able records in their letters, reports, and histories (for example, Saha-

gun, Cobo, Ponce, and Pfefferkorn). Early travelogues and scientific

papers are equally valuable, e. g., those of Cieza de Leon, von Hum-
boldt, Hernandez, and the Hakluyt Society publications. These sources
should be carefully evaluated in terms of date of visit or residence,
validity of sources drawn upon, date of writing, etc. The student of
early documents must be especially alert as to the interpretations of
words, and botanical identifications. Unfortunately, but few of the
early writers were trained botanists; furthermore, nomenclature was
highly variable. Examples in hand are potato and melon. At the time
of Raleigh, the word potato meant what we now term sweet potato.
The Spanish writers used melon and calabaza interchangeably, so that
a strict interpretation of melon, gourd, squash, or pumpkin is often
very dubious.

One of the most fruitful lines of study is that of plant name
analysis. Least useful are place names, which usually indicate a false
origin. Although Brazil nut and Sudan grass may be followed faithfully,
Turkish wheat (maize) is New World, Kentucky bluegrass and Ber-
muda grass are Old World, the Irish potato is neither from Ireland
nor a potato, and the Jerusalem artichoke is North American and a
sunflower.
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One name used among many peoples may indicate recent intro-
duction, as well as the original source. However, the Spaniards and
Portuguese often adopted the first native name encountered, and applied
it elsewhere. In this fashion maiz (Arawak: mahiz or marisi), camote
(Aztec: camotti), etc., became spread widely over Middle America.'
The variety of names by which a plant is known may represent a con-
siderable antiquity, if each language, linguistic stock, or family, has a
different term or stem. Maize, kidney beans, cucurbits, and tobacco
are widely distributed plants with a great diversity of names. Maize;
for example, is ixim in the Maya, centli in the Nahuatl, and mahiz or
marisi in the Arawak. Differences within a stock are especially indica-
tive of time differentation, as Dixon pointed out in the case
of the Athapascan stemS for tobacco. The northern Athapascans
(such as Chipewyan and Kutchin) have the same or similar stem tsel
or tset, while the southern Athapascans (such as Navajo and Apache)
use n'ato. This would indicate that the two branches had separated
at an early date.

Comparative age of different plants within a given area may
also be determined by linguistic study. In general, the plant that is
known by the greatest number of names among the different peoples
has the greatest antiquity. As pointed out by Nordenskiold and others,
in the Amazon basin maize is older than the sweet potato, and the
kidney bean is younger than either. Part of the evidence rests in the
fact that Ketchua or Guarani terms are used for the bean, but various
groups have their own name for maize.

Further clues may be obtained from the translation or interpreta-
tion of names, as with guayule, which is Nahuan for "old" rubber. The
implication here may be that Parthenium was used for rubber before
Castilloa.

As yet, no comprehensive and comparative lists of American Indian
names for even one plant have been compiled. Such lists can no longer
be made complete, as many of the New World languages have vanished
without leaving one word recorded; nevertheless, a careful check of

the glossaries, grammars, and casual word-records made by the early
European missionaries, explorers, and travelers, will multiply many
times our present knowledge.

A line of research of doubtful value which, however, should not be
neglected is that in myths, legends, and traditions. Origin myths,
especially, should be critically examined for every mention of cultivated

plants. The small reliance that may be placed in creation stories is

well brought out by the Mohave account, which gives wheat as one of

3. The only generally useful lexicon available is the Hilfsworterbuch fur die
Amerikanisten, by G. Friederici, which was issued in 1926 at Halle am Salle as Extra
Sens, Heft 2, of the Studien uber Amerika und Sparien.
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the native Indian plants. On the other hand, the eastern Algonquin
and the Iroquoian stories of the coming of maize may be essentially
correct.

The archaeologist can work with a wealth of evidence in plastic,
engraved, graphic or textile representations, and in preserved plants
or plant remains. Mound Builders, Pueblos, Aztecs, Zapotecs, Mayas,
Chimus, Incas, and many other peoples modeled a wide range of plants
(usually the fruit form). The Peruvians left the most varied record,
which embraced maize, potatoes, cucurbits, peanuts, etc. Stone figures,
especially in southern Mexico and Central America, were sometimes
accompanied by representations of maize ears, and various roots.
Plants appear graphically on occasional murals, and, more frequently,
on pottery, as in Peru and the Southwest. Peruvian cotton and woolen
textiles likewise often carry likenesses of various plants.'

Plants or plant remains, such as maize cobs and kernels, peanut
seeds and husks, squash and pumpkin peduncles and rinds, cotton seeds
and bolls, and other plant parts, are frequently preserved in dessicated,
carbonized, or cast forms. These rests, if carefully removed, treated,
and packed, can very often be identified by specialists. Where qualified
botanists are not at hand, recourse may be had to the Ethnobotanical
Laboratory of the Museum of Anthropology, University of Michigan,
and to specialists of the Department of Agriculture, Smithsonian Insti-
tution, American Museum of Natural History, etc. In this connection,
there is a crying need for a checklist of the specialists in the various
families, genera, and species of cultivated New World plants, who
would be available for consultation.

Although botanists have been interested in the question of the
origin and identity of New World plants ever since the Discovery (as
in the works of the herbalist Gerard, and those of the Belgian geog-
rapher Cluverius), no comprehensive work has appeared since A. de
Candolle issued his classic Origin of Cultivated Plants, over fifty years
ago. This work discussed but 249 plants, yet no one man could revise
it at present. Nevertheless, during the past two generations much
work has been done towards removing erroneous preconceptions.' Like-'

4. The best regional report yet published for any part of the New World is E.
Yacovleff and F. L. Herrera, El Mundo Vegetal de los Antiguos Peruanos, Revista del
Museo Nacional de Lima, 111:2, and IV :1, 1934 and 1935.

5. Helpful works are:
Bailey, L. H., Manual of Cultivated Plants, 1924, New York.
Bailey, L. H., Standard Cyclopedia of Horticulture, 1930, New York.
Bailey, L. H., various numbers of Gentes Herbarum.
Engler (Ed.), Dos Pflanzenreich, 1900-.
Friederici, G., Der Charakter der Entdeckung und Eroberung Amerikas

durch die Europaer, 1925, Stuttgart.
Latcham, R. E., La agricultura precolombiana en Chile y los paises vecinos,

1936, Santiago.
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wise, numerous discoveries in genetics (vide de Vries, Morgan et al.),
and stimulating theories of distribution and age (vide J. C. Willis and
N. I. Vavilov especially), have been of considerable service.

In view of the work that has been done, it is deplorable that a
number of textbooks and research monographs in anthropologY, his-
tory, and economics, maintain old errors, or else state dogmatically that
which is quite unsettled.' Writers of the present, even if not in touch
with a comprehensive botanical library, may easily keep posted on the
literature and new developments in a number of ways. Agricultural
History, quarterly publication of the Agricultural History Society,
Botanical Abstracts, and Just's Jahresbericht, mention most of the arti-
cles pertinent to the study of New World plant origins. Further, the
library of the Department of Agriculture, in Washington, D. C., will
photocopy, for a small fee, any article desired from the periodicals in
that library.

In closing, the writer (as chairman of the symposium) wishes to
take this opportunity to thank President James F. Zimmerman and
the members of the University of New Mexico Committee on Publica-

tions for their courtesy in publishing these papers. It is hoped that
this group of papers will be but the first of a series representing sym-
posia participated in by anthropologists and botanists interested in the
problems of Southwestern and New World aboriginal agriculture.

DONALD D. BRAND,
Department of Anthropology,
University of New Mexico.

6. Examples are to be found in : Lyman Carrier, Beginnings of Agriculture in

America, 1923, who attributes an American origin to watermelons and bananas, p. 41,

and pp. 64-78. Clark Wissler, The American Indian, 1922, who intimates that melons

and millets were aboriginal in North America, pp. 13, 238. L. C. Gray, History of

Agriculture in the Southern United States, 1933, who states that sweet potatoes and

melons were cultivated in pre-European times by the Indians of the Southeast, vol. I,

PP. 3-4. George McBride, The Land Systems of Mexico. 1923, who intimates that

bananas and sugarcane were plants cultivated aboriginally in Mexico. A number of

thee statements, e. g., Gray, are based on secondary authorities.

Schiemann, E., Enstehung der Kulturpflanzen, 1932, Berlin.

Hedrick (Ed.), Sturtevant's Notes on Edible Plants, 1919, Albany.

Vavilov, N. I., Studies on the Origin of Cultivated Plants, Bull. 16:2 of the

Bureau of Applied Botany and Plant Breeding, 1926, Leningrad.

Vavilov, N. I., Mexico and Central America as the Principal Centre of

Origin of Cultivated Plants of the New World, Bull. 26:3 of the Bureau of

Applied Botany and Plant Breeding, 1931, Leningrad.

Also, various articles by : O. W. Barrett, E. Boman, S. M. Bukasov, L. Carr, E. F.

Castetter, A. Chamberlain, S. P. Clark, C. Conzatti, O. F. Cook, L. Diguet, R. B. Dixon,

G. F. Freeman, M. R. Gilmore, E. Hahn, V. Bayard, G. Hendry, B. Laufer, M. Mar-

tinez, E. D. Merrill, E. Nordenskiold, J. M. Noriega, R. A. Philippi, W. Popenoe, J.

Ramirez, K. Reiche, J. N. Rose, W. E. Safford, K. Sapper, W. A. Setchell, H. J. Spin-

den, J. F. Stokes, C. Thomas, E. Yacovleff, et al. The authorities on maize, potato,

and cotton have not been mentioned.



I.

THE ORIGIN OF THE MAIZE PLANT AND MAIZE
AGRICULTURE IN ANCIENT AMERICA'

PAUL WEATHERWAX 2

There is no reasonable doubt that the grades of civilization reached
by the various early races in America were closely correlated with the
success with which they cultivated maize. The utilization of this plant
usually meant more or less fixed habitations, a comparatively easy
living, and an impressive reward for the application of intelligence.
No other food plant approached it in significance, and no other cereal
known anywhere on earth could have served as well on a continent
which had no domesticable draft animals. Although it has since proved
adaptable to mechanized treatment, it has always been the ideal cereal
for hand cultivation.

The nature of the wild maize plant, the time and place of its first
domestication, and its migrations and modifications since then have
long been living problems for those who study plants as well as for
those who study mankind. The whole truth about these matters will
never be known; and no near approach to the whole truth can ever be
made from a single point of view. It is, then, a happy event, when, on
occasions like this, the anthropologist and the botanist can join hands
in an attempt to move forward more rapidly and with more certainty
of being on the right road.

METHODS

Since the Indian failed to give us, in record, tradition, or myth,
any credible, literal account of his early agriculture, we must have
recourse to less direct methods. This situation is not peculiar to the
history of American agriculture. It is almost universally true that,
during the most interesting part of the domestication of any plant,
man has been unaware of the significance of what was happening and
has failed to leave a record, if, indeed, he was competent to make a
written record.

As far as fossil remains are concerned, the geological record is a
blank page. Two prominent notations' have stood in the literature for
years, but a careful reading of Darwin's account of his find on San

1. For the technical details upon which this paper is based, and for a more
detailed bibliography, see the following paper by the author: The phyloyeny of Zea
Mays. Amer. Midland Nat. 16:1-71, 1935 ,

2. Professor of Botany, Indiana University, Bloomington, Indiana.
3. Darwin, Charles A. A naturalist's voyage around the world in H. M. S.

"Beagle." Repr. in World's Classics. London, 1930, p. 380.
Collins. G. N. "A Fossil Ear of Maize." Journ. Hered. 10:170-172, 1919.

[ 11
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Lorenzo removes the presumption of its great antiquity, and the other
record was eliminated two years ago when the famous Cuzco specimen
was shown to be an artifact.'

Students of the various aspects of ancient man—his language and
literature, his racial characteristics, the record of his migrations, and
the remains of his culture—have a field rich in the materials which we
need for a solution of this problem, but their representatives are here
to speak for themselves.

Botany hears the plant's own story, supplemented by such corrob-
orative evidences as can be extracted from its nearest relatives, and
interprets this information. Within the limits of this discussion it is
probably best to present the botanical evidences as a series of more
or less independent theses, each of which may be tested by how well
it fits into the whole picture.

1. Maize almost certainly originated in America.—Taxonomists
have usually placed the maize plant in a tribe of grasses some members
of which are native of Asia and the adjacent islands; but the unity
of this group is highly artificial, and some very significant character-
istics separate the American genera from those of the Old World.'

Any assumption that primitive man brought the plant with him
from Asia, by way of Behring Strait, meets with unsurmountable
difficulties. Maize is inherently a tropical plant, and it is inconceivable
that it should ever have been adapted to the climate of Siberia and
Alaska. If we maintain that the Indian brought maize from Asia, we
must be ready to explain why its two nearest relatives, Tripsacum and
teosinte, two relatively useless plants, are native of America, and why
nothing closely resembling any one of the three is known to be a
native of Asia.

This assumption would also make necessary an explanation of the
absence of any account of the cultivation of maize in the Eastern
Hemisphere before the discovery of America. I am not unmindful
of the contention of certain Chinese scholars that maize was grown
in China before the time of Magellan's voyage, but definitely acceptable
scientific evidence to that effect has never been produced. If, more-
over, the future should disclose such evidence, the fact could much
more reasonably be attributed to some accidental transfer of the plant
across the Pacific from America to Asia than to a migration in the
opposite direction.

2. The wild ancestor of the maize plant is unknown, and no
known plant fits even the , theoretical requirements.—Since the time

4. Brown, R. W. "The Supposed Fossil Ear of Maize from Cuzco, Peru." Journ.
Washington Acad. Sei. 24 :293-296, 1934.

5. Weatherwax, Paul. "Comparative Morphology of the Oriental Maydeae."

Indiana Univ. Studies, No. 73, 1926.
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at which maize first became known to Europeans, the discovery of wild

maize has several times been reported; but not one of these reports

has stood the test.°
Certain treatises on the civilization of the Aztecs and Mayas'

praise the Indians as plant breeders and state that, by domesticating

"three wild grasses," they produced the "three principal varieties of

maize." But we are left as much in the dark about the identity of the

three wild grasses as about the basis on which maize is divided into

three main varieties.
The grass which has naturally been most suspected of being

the ancestral form is teosinte. It resembles maize so closely and
hybridizes with it so readily that a superficial examination produces
the strong prejudice that it is wild maize. Anthropological treatises
on ancient American agriculture commonly make the plain, unsup-
ported statement that maize is only domesticated and improved teo-
sinte. This idea seems so reasonable and involves so much of the
romance that we like to associate with the Indian that it is a difficult
thing to try to oppose it on scientific grounds.

The fruit of the teosinte plant has, however, become so highly
specialized in its own unique way that it is difficult for the botanist
to see how it can be regarded as the forerunner of the ear of maize.

The plant, as we know it, would have been comparatively useless to
the primitive American, and we cannot well conceive of any motive
that he would have had in cultivating it or trying to improve it.

We may here dismiss with a word the hybrids between maize
and teosinte, which have been the will-o'-the-wisp of more than one
searcher for wild maize. These hybrids have, on the one hand, been
described as wild maize,' and, on the other hand, been made the basis
of experimental attempts to demonstrate the production of maize from
teosinte by selection.'

To change a plant like teosinte into one embodying the essentials of
maize would require at least four categories of modification: an
increase in the size of the grain, a change in the phyllotaxy of the
pistillate inflorescence, a partial abortion of the bracts of the spikelet,
and a resumption of functional development by the aborted mate of
each fertile spikelet so that the grains would appear in pairs.

It would be a mistake, however, to assume that all of these changes
must have occurred before the domestication of the plant began. A

6. An evaluation of these will be found in the paper previously cited : The Phyla-

geny of Zea Mays. Amer. Midi. Nat. 16:1-71, 1935.

7. Such as : Thompson, E. H. People of the Serpent. New York, 1932, p. 22.
S. Harshberger, J. W. Maize, a Botanical and Economic Study. Contrib. Bot. Lab.

Univ. Pennsylvania 1:76-202, 1893.

9. I have published a critical review of two of these experiments in : The Reported
Origin of Indian Corn from Teosinte. Proc. Indiana Acad. Sci. 34:225-27, 1925.
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single mutation, whose possibility seems not wholly unreasonable,
might have initiated interest in this direction. Any genetic change
which would have increased the vigor of the endosperm of the teosinte,
so that the grain would develop to two or three times its normal size
would have caused the latter to protrude beyond its normal stony cov-
ering and become attractive and easily separated from the inedible
parts. Thus, at one step, a plant not significantly different from many
others might have become an object of immediate interest; and, with
cultivation to develop latent genetic possibilities, the foundation might
have been laid for a line of selection which would take advantage of
other mutations to shape the character which most clearly distinguishes
maize from other cereals.

Yet this process could hardly be regarded as the development of
maize from teosinte, because the plant upon which domestication first
became operative would fall outside our conception of teosinte.

Probably fewer difficulties will be encountered if we reject teo-
sinte as the starting point and look for some plant which has been
derived from the same stock as teosinte and Tripsacum, but has devel-
oped along somewhat different lines. Since we have no record of the
existence of such a plant, its character and habitat and the reason for
its apparent disappearance are matters for theoretical consideration.

3. The wild maize plant was probably approaching extinction

when its domestication began."—All experiments indicate that, even
under the most favorable conditions, the maize plant could not persist
for many years without the help of man; and it seems evident that
this inherent helplessness goes back to some of the characteristics
which make it a useful plant. The thin, permeable coat of the grain,
exposing the seed to agencies of decay, is very poorly correlated with
the requirement of a moist, warm climate; and the ear, with its many
grains firmly bound together, is poorly adapted to seed dispersal.

To say that the plant was definitely on the way toward extinction
when it came under man's influence does not imply that it has since
become extinct. It is reasonable to imagine that a plant might con-
tinue to fight a losing battle long after it began to show a deficit in net

biological survival values. This would be especially true of a perennial
plant whose chief weakness lay in the efficiency of its seeds. Trip-

sacum is perennial, and there is a perennial form of teosinte. Some

characteristics of maize indicate that it also may have had perennial

ancestors.
Although it seems probable that maize no longer exists anywhere

in the wild form, there is the remote possibility that it has persisted

and may yet be found. It is interesting to note that a recent attempt

10. DeCandolle, A. Origin of Cultivated Plante. London, 1884, p. 395,
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to describe this imaginary plant' resulted in a picture very much like
that of a trigeneric hybrid which has actually been produced by com-
bining maize, teosinte, and Tripsacum. 12

4. The wild maize plant probably grew somewhere in the region
between central Mexico and Honduras.—One of the botanist's best
guides in looking for the native home of a cultivated plant is the
natural distribution of its nearest relatives. The various species of
Tripsacum are found from the east central part of the United States,
through Mexico, Central America and the West Indies, to northern
South America. Teosinte seems to be limited to central and southern
Mexico and Guatemala.

The widely accepted biological principle that two closely related
species are not ordinarily found in the same area, but in contiguous
areas isolated from each other, certainly needs some modification, at
least in the case of the flowering plants, because of other means by
which hybridization between closely related races can be prevented.

In the case of maize and Tripsacum this separation seems to be
complete in nature, but it has been possible to overcome it by oper-
ative technique."

Teosinte and maize hybridize so freely, however, that some other
barrier than the morphological must be sought. The topography of the
region indicated offers the proper conditions in the numerous steep-
sided ravines which in many places extend from the arid plateau
region down to the lowland jungle. In a favorable locality of this
kind the wild maize plant might have pursued its own course for ages
without contact with teosinte, which, being naturally much better fitted
to live, was probably a prominent species in the more favored parts of
the plateau.

The high place held by maize in ancient Peru has led some investi-
gators to believe that the plant might have been first domesticated
there. The free exchange of cultural elements which is thought to have
occurred among the more progressive of the Indian races, however,
greatly diminishes the significance of the distribution of the plant at
the time of the conquest; and the botanical evidences are strongly
opposed to the idea. Peru is at least at the edge of the known range of
Tripsacurn and far beyond that of teosinte.

Still less tenable is the suggestion sometimes made that maize
had two separate origins, one in Mexico and one in Peru, with possibly
a, third here in the southwestern part of the United States. In view
of the close similarity and practically complete interfertility among

11. Amer. Midi. Nat. 16:1-71, 1935.
12. Mangelsdorf, P. C. and Reeves, R. G. "A Trigeneric Hybrid of Zea, Tripsacum,

and Euchlaena." Jours. Hered. 26:128-140, 1935.
13. Mangelsdorf and Reeves ibid.
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the varieties grown in various places, this would call for a highly im-
probable degree of coincidence. To a botanist, the idea of two or more
simultaneous origins for a plant showing this much unity in its entire
complex is about on a par with the suggestion to anthropologists that
man had a double origin, one in America and one in Asia.

5. The domestication of maize probably reversed the relative
prominence of maize and teosinte.—Our picture of the situation, be-
fore the entrance of man, makes teosinte a somewhat widely distributed
and biologically successful plant, and maize a misfit, doomed to
extinction; but, with the beginnings of agriculture, the tables were
turned. This new advantage completely offset the natural shortcom-
ings of maize and made it a most successful plant, while teosinte was
reduced to the status of a weed in the cornfield. The introduction of
grazing animals at the time of the arrival of Europeans decreased the
prominence of teosinte in pastured areas, and today its limited dis-
tribution stands in interesting contrast with the success of maize.

Botanically, we cannot forego a question as to why, when the two
species were first brought together, they did not lose themselves in a

hybrid blend, producing one more source of exasperation for the taxon-

omist. But it is probable that, because of a difference in the time of

flowering of the two species, hybridization between them has always
been somewhat limited. The blending of the two has been further
restricted by the fact that hybrids between them have found no friend

in either nature or man. Man has tried to weed out all degrees of
them because their teosinte-like character made them useless, or at
best much less valuable than maize, and they find themselves poorly
fitted to live as wild plants because of the weaknesses that they have

inherited from maize.
It cannot be denied that both species are often contaminated by

this intercrossing—teosinte probably more often than maize, but there

is a general absence of the graded series of hybrids that might be
expected to bridge the gap between the extremes of the two.

6. The botanical time-requirements come well within the period

allotted to man in America.—Some investigators have felt that the

changes which Man has made in breeding maize from the wild proto-
type were so great that the time required for their acomplishment by

simple selection at anything like a uniform rate would have required

far more time than anthropologists would grant to man in America.

This apparent necessity for an accelerating influence has been one of

the arguments for the hybrid origin»

14.' Coffins, G. N. "The Phylogeny of Maize." Bulletin. Torrey Bot. Club.

57:199-210, 1931.
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The fallacy of this view lies in an incorrect picture of the wild
plant and in the assumption that its domestication moved at a uniform
rate.

The wild plant was probably much more like modern maize than
has usually been assumed, and such records as we have of the improve-
ment of other plants indicate that progress has frequently been far
from uniform, consisting largely of intermittent changes of relatively
great magnitude.

7. Certain prominent characters of the maize plant are incidental
results of the Indian's method of agriculture.—Aside from the genetic

modification which he consciously made in the plant, as shown by the
adaptions, the uniformity, and the stability of many of the varieties,
the Indian was doubtless responsible, through his methods of culti-
vation, for the unintentional shaping of certain other fundamental
characteristics. The "hill" method of planting was almost universally
practised. It was well fitted to the size of the plant, the type of
locality in which corn is usually grown, and the limited efficiency of
the available agricultural implements.

This crowding of a number of plants together into a small space
placed a premium on the habit of producing a single stem from each
grain and brought about a good condition for cross-pollination. The
one influence has contributed toward the production of a single large
ear, and the other, toward the well-known intolerance of inbreeding.
Maize is in this way sharply contrasted with teosinte, which has not
been subjected to hill cultivation and, as a result, we believe, still
produces many stems and almost innumerable small "ears" from each
seed and shows no harmful effects of self-fertilization.

8. There is no sound basis for any attempt to trace the origin or
migrations of the corn plant by arranging agricultural varieties from
different localities in evolutionary series.—The literatures of anthro-
pology sometimes refer to the maize grown here or there as "primi-
tive." Here the botanist must demand a definition of terms. There
is no variety of corn that can correctly be labeled as characteristically
primitive or highly specialized. The different varieties have always
freely hybridized, and breeding has usually been centered upon com-
paratively few characteristics. This practically precludes the possibil-
ity of arranging varieties in any logical sort of evolutionary sequence.

At best, we can say no more than that one characteristic probably
stands relatively higher than another, and even that cannot be said
with any degree of certainty in many cases. Some characters, like
the production of basal suckers, leaf blades on the husks, many ears
on the plant, perfect flowers, podded grains, etc., are supposed to be
primitive, but there is a question as to whether even these have been
retained through evolution of the plant from the primitive condition,
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and they are almost never so correlated as to indicate that a variety
has any unified character developed in independence of other varieties.

I would particularly warn anthropologists against the assumption
sometimes made that a variety of corn is primitive because its ears
are small. We emphasize as a significant evolutionary accomplishment
the ability to produce a large ear, but this is to be measured morpho-
logically rather than in ordinary linear units; it is more a matter of
difference between an ear of corn and its homologue in the wild grasses
than of the difference between any two ears of corn. In other words,
as far as evolution is concerned, all known ears of corn are of the
same size and of equal significance. This is really one of the difficult
things about any speculation as to the evolution of maize. Although
it is one of the most variable of all cultivated plants, the complete
range of all its known variations represents very little evolution; and
no fragment of the plant that has ever been found by archaeologists
anywhere adds a single significant characteristic to the list that we
have for the living plant.

CONCLUSION

The points which we have enumerated include the major part of

what the botanist can tell you about the time and place of the origin

of maize, the nature of the wild prototype, and the significance of its

variations. It is granted that the picture is highly hypothetical, and

some would regard such considerations as utter futility. Possibly

they are, but, if so, then much of the theoretical part of science must

be regarded as useless.
If we grant that the wild plant grew somewhere in the foothills

of Mexico or Central America, long before the rise of the great pre-

Columbian civilizations, and that its domestication began there, the

routes and the methods of its later travels are largely obvious. Exactly

how and when it was introduced into various localities, and why it was

cultivated most successfully in a few places in ancient times, and has
since proved to be so well adapted to wider areas, is largely a problem

for other sciences than botany.



MAIZE AS A MEASURE OF INDIAN SKILL

James H. Kemptoni

INTRODUCTION

Civilizations, like armies, progress on their stomachs. Without
an assured supply of food neither can advance. Agricultural practices
that require the least time, or that release the greatest numbers from
the production of food, provide the best conditions for the development
of the other arts, and the sciences, by which the cultures called civil-
izations, are evaluated.

A surplus of comestibles does not in itself guarantee a high degree
of civilization, for some groups of mankind are satisfied with an abun-
dance of food and drink. These groups have no inner urge to compli-
cate their lives with the inventions of their intellects. Such people
must be situated so favorably with respect to soil, climate and enemies
that necessity does not compel them to exert themselves. They may
sit and think, but more often just sit. This favorable concatenation
of the right sort of people, favorable climate, and freedom from pred-
ators, has not occurred often, and in consequence a people content to
frolic when possessed of an ample food supply is too rare to be of
moment in the history of mankind.

The history of civilization, therefore, is the history of agriculture.
Many authorities believe agriculture began with the domestication of
animals and that man came to a sedentary mode of life from the neces-
sity of providing food for his animals. For the early civilizations of
the Old World, where plant and animal culture are inextricably mixed,
this is not an illogical conclusion. However, the agriculture of the
pre-Columbian inhabitants of the New World proves that the highest
type of plant culture can arise wholly independently of animals. The
three civilizations of the Americas were without domestic animals
other than the dog, the turkey and the llama, none of which can be
considered as furnishing an urge to settle down and till the land.
In the Western Hemisphere an agriculture of the highest form was
developed without animals.

In mechanical ingenuity the people of the Old World surpassed
the American Indian, but the Indian produced a culture with his plants
perfectly adapted to his chosen life. So successful was he in taming
plants that even today he has little interest in things mechanical and,
where free from the control of the white race, he finds in his agricul-

1. Botanist, Bureau of Plant Industry, Department of Agriculture, Washing-
ton, D. C.
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tural system the abundant life. Where undisturbed in Latin America,
the Indian faces no unemployment problem and no bread lines—his
life flows serenely from the cradle to the grave, and if he reaches this
destination somewhat before us, who can say that the sum total of his
enjoyment has not equalled ours.

Every important agricultural plant is a human achievement.
Each food plant represents the profound modification of a wild species
brought about either consciously or unconsciously by man.

The degree to which the wild species have been modified and molded
to meet human needs is a measure of man's ability to control his
environment. This biological measure of man's skill is as trustworthy
and rigorous as estimates based on the manual arts. It is customary
to judge the excellence of a culture largely on the basis of mechanical
and architectural achievements; these being accomplishments most
highly prized in current civilizations. Yet our present day cultures,
with their emphasis on the machine, owe their existence to the plant
sense of the ancients. That we assign such high values to the skill
displayed in fashioning implements is because we have long been freed
from the necessity of winning our food from the wild. We know
something of the difficulties of making pots, but nothing of the effort
and skill it took to make the plants we cook in them.

Today there is but a small minority who seek their pleasures and
their inspiration in nature. The domination of the world either phys-
ically or idealogically by the North Europeans, who have not a single
domesticated plant to their credit, insures the use of a false standard
by which to judge ancient civilizations. It is not to be expected that
a people who borrowed all of their crops ready-made will place a high
value on the art of plant domestication.

All of the higher civilizations are founded on grasses. The Old
World cultures were reared on barley, wheat or rice. In the New
World the time for constructive thought and the flowering of the arts
was obtained from the development of that remarkable cereal—maize.

Whether the American Indian was a more skillful plantsman or
whether he started plant culture before the Old World peoples there
can be no question but that he excelled in the art of molding plants
to meet his needs and the greatest of his achievements is Indian corn.

AGE OF MAIZE

This grass, which produces more food per acre than any other
cereal, originated in the Western Hemisphere and was widely distrib-

uted in North and South America before the Christian era.

Viewed in relation to a natural wild species, maize is a monstros-
ity quite incapable of maintaining itself without man. None of the

Old World cereals has reached this high degree of dependence on
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human care, and maize may be said to be the most completely domesti-

cated grain. The botanical evidence on this point is unequivocal.

How, where and when this plant was domesticated are three ques-

tions often asked but never answered. Though there is corn of the

primitives, there is no such thing as primitive corn. The oldest ears

of corn are as highly developed botanically, and as completely divorced

from wild plants, as the best of our commercial varieties. The most
ancient corn known it that of the pre-Incas of Peru. Ears well pre-
served in the graves of these people duplicate the ears of strains being
grown in the same region today. A thousand or two generations have
wrought no changes. Indian corn was fully developed botanically
when the pre-Incas practiced their agriculture. Nothing suggesting
an unfinished maize ever has been found and it can only be concluded
that this cereal attained its present form at least before the pre-Inca
burials.

The second oldest ears known were exhumed by Kidder and

Guernsey in Basket Maker burials in Utah. These also duplicate ears

produced in the same region today. Similarly the charred remains of

corn from the Mound Builders of the Ohio Valley resemble the ears

grown by the Indians of the Middle West. Thus the early burials in

Peru and in North America both show fully developed maize. How
many years were required to give maize its wide distribution in the
Americas with varietal adaptations to the arid conditions of our

Southwest, to the humid tropics and to the cold valleys of Peru can
only be conjectured. The movement of a plant from one environment

to another is a slow process even with a flexible species like maize. It
is true, that since the Discovery maize has found a place in many

regions of the Old World, but the rapid spread of this plant in the
Eastern Hemisphere cannot be taken as a measure of the speed with
which maize moved in the Americas in ancient times. Long before the
Discovery the American Indians had developed varieties adapted to
almost the entire range of conditions present on two continents and
these varieties were available for use in the Old World. The problem
of finding a variety of corn moderately suitable for any of the regions
in which this cereal is grown in the Old World is vastly simpler with
the existing multiplicity of varieties than it could have been for the
ancient Americans adapting the newly created plant to their conditions.

No estimate can be made of the years that have passed since maize
as we know it today came into existence. It can only be noted that each
group of Indians, indeed often each family group, had its own varieties,
differing in many respects from those of neighboring tribes, the dif-
ference becoming greater with the increased distance separating the
tribes, but all had corn, none had a pre-cornlike cereal. That it must
have required time for such varietal differences to originate is self
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evident, but whether these could have come about in a few hundred
years or whether several thousand years are involved is a moot ques-
tion. When the Peruvians and the Basket Makers buried their ears,
wide varietal differences already existed. Since the occupation of
America by Europeans, now some four centuries past, there has been
very little, if any, change in the corn of the Indians, and little more
in our commercial stocks; but here again our yardstick fails us. Not
only are the North European stocks poor plantsmen but there was
little incentive for them to do more than take over the corn of the
Indians, already adapted to the regions occupied by the Colonists.

CENTER OF ORIGIN

Maize, of course, just like the races of man, had to develop from
something, but where anthropologists have no difficulty in recognizing
an affinity between the American Indians and man of Mongolia, botan-
ists find no such close relatives of Indian corn. Mongolians and Indians
belong to the same genus and the latter are envisaged as having
stemmed from the former, but with maize the closest relatives are phy-
logenetically more remote. Maize and its nearest relative belong to
distinct genera which is one more indication of the great length of
time involved in the development of this cereal. Not only are its rela-
tives distant connections, but all stages between corn as it has existed
for thousands of years and its wild forbears have disappeared.

In determining the center of origin of a domesticated plant the
botanist has the choice of two lines of evidence—alternatives that do
not invariably lead to identical conclusions. The Russian school led
by Vavilov seeks the origin of cultivated plants in the regions where
the plants in question show the greatest diversity. The theory under-
lying this criterion is that in transporting a plant from the place of its
origin the whole range of variation is not represented in the sample
taken. As the plant moves outward each line represents some part of
the total variation but at any point on the periphery of the distribution
there is more uniformity than at the center. As a general principle
this is sound and cannot be controverted. It has served to locate the
centers of many Old World plant cultures, but many things are con-
ducive to variability. Thus, if the domesticated plant is carried into
a region with diverse environments such, for example, as would be the
case in a mountainous country, in time such a region, looked at as a
whole, would contain a multiplicity of types and hence great total vari-

ability. This is the situation with respect to maize in Peru. From the
knowledge of the great number of plants domesticated in Peru and

the admitted large number of maize varieties, it would be logical, from

the standpoint of Vavilov and his school, to pick Peru as the place of

origin for maize.
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The objection to Peru as the home of maize lies in the fact that
no maize relatives have been found in South America, and it is diffi-
cult to picture how maize could have originated without ancestors.

The variability of maize in Peru can be accounted for by the ter-
rain. The steep, narrow valleys effectively isolated from each other,
meeting only on the coastal plain, would ensure a large number of
maize varieties. Assuming that each valley began with the same type
of maize, in time each one would come to have its own forms and
with the valleys extending from sea level to the upper limit of corn
culture the variation even within a valley would be great. In view of
these facts the variability of this species in Peru cannot be interpreted
to mean that maize originated there.

Guatemala and Mexico are second only to Peru in the range of
variation of maize and, since maize relatives are found in both Mexico
and Guatemala, it is generally agreed that the most likely place for
the origin of this crop is somewhere in these countries.

Botanical opinion as to the relation of existing wild relatives of
maize to its origin is not unanimous. Since maize differs so widely
from its nearest relative it is only natural to have a difference of
opinion among botanists as to the place of these relatives on the
maize family tree.

The nearest relative is the grass generally known by its Aztec
name teosinte, botanically Each laena mexicana. This grass occurs in
Mexico and Guatemala with a curiously discontinuous distribution. It
has not been found below 3000 feet, and in the vicinity of Mexico City
grows at an altitude of some 7000 feet. In general, it seems to have
an altitudinal range at from three to five thousand feet. This alti-
tudinal distribution fits with the often observed fact that plant culti-
vations begin in the foothills and spread to the plains.

It is found sparingly in restricted regions in the states of Chi-
huahua, Durango, Jalisco, Michoacan and the Federal District of
Mexico, but is not coextensive throughout this area. In Guatemala
it is found in the south in the Department of Jutiapa and in the north-
west in the Department of Huehuetenango. In all the situations in
Mexico teosinte occurs as a weed in the margins of corn fields, but in
Guatemala it is found as a wild plant often wholly independent of
corn culture. Indeed, in Huehuetenango it occupies thousands of
acres and, if one were to choose the center of teosinte at the present
time, the region around San Antonio Huixta in northwestern Guate-
mala would be selected.

Here this grass has a Mayan name, Salic or Salicim, the latter
showing a definite affinity to the Maya name for corn, Ixim. It seems not
too improbable that the Aztecs carried teosinte to Mexico from southern
Guatemala to grow in their botanic garden at Mexico City, which
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would explain its occurrence at that high elevation and its theistic name.
It might well be also that in transporting maize to Mexico natural hy-
brids between teosinte and maize were inadvertently included. Maize
seeds pollinated with teosinte bear no visible evidence of their mongrel
nature and such seeds would give rise to plants intermediate between
the two genera. The hybrid plants would not be harvested as neither
teosinte nor the first hybrid generation of teosinte-maize crosses are
useful as human food. Left in the field, natural selection would soon
result in the reappearance of teosinte plants in which the contamina-
tion with corn would not be noticeable. As a matter of fact, teosinte
from all localities in Mexico exhibits clear evidence of contamination
with maize. This is no more than could be expected from the fact that
it is never found far from maize fields. The evidence, therefore, of
hybridization with maize in past generations does not prove that teo-
sinte was introduced into Mexico as a maize hybrid.

Summing up the evidence, including the region of the greatest
diversity of maize, the mountain origin of most cultivated plants, and
the greatest concentration of wild relatives, it seems at the moment
most logical to choose northwestern Guatemala as the original home of
maize. From there it spread north and south, being widely distributed
and a basic food plant in two continents at least two thousand years
ago.

ORIGIN

On any of the proposed theories in good standing as to the origin
of maize the time at which it became a useful plant for man is very
remote. Botanists of the conservative school prefer to believe that
maize was developed by the slow process of selection from teosinte.
Allied to this view is the theory that maize was domesticated from an
ancestor more maize-like than any of its existing relatives; this ancestor
having become extinct. These theories of gradual selection not only
require much time, for only one generation is obtained in a year, but
they do not accord well with the fact that at the extremes of maize cul-
ture nothing resembling a primitive maize is found. So soon as the
first selection from a wild plant resulted in a useful cereal the trade
chain of distribution would have started this pre-maize on its way
with the result that at the periphery of its culture there would be this
early form of plant while the further development would proceed at
the center of origin. To be sure, selection would go forward at all
points, but in that case it would be unreasonable to expect the same
end result in localities as far apart as Utah and Peru. Of course,
given time enough and free interchange, the species would attain an
equilibrium throughout its entire range, but from the diversity of
varieties and the necessity for climatic adaptation interchange has not
gone forward rapidly.
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It is difficult to believe that the Indians would have attempted to

convert teosinte into a food plant. Although it is true that driven by
hunger almost anything that can be swallowed will be eaten, teosinte
would have been one of the last plants chosen as the seed is completely

enclosed in a hard case. When this is removed the seed is found to be

very small, there being between ten and fifteen thousand in a pound.

Even had teosinte been selected as a seed crop it is hard to imagine

that maize would have been the result. The most likely change in se-

lecting teosinte for a usable seed would be to soften the seed case,

probably at the same time increasing the seed size. A similar result

has been obtained by the Burmese in deriving a food plant from the

maize relative, Job's tears, the seeds of the wild form of which are

enclosed in a hard case. It might have been expected, too, that selection

would have succeeded in eliminating to a large degree shattering of

the seeds which results from the breaking apart of the seed spike. None

of these changes would lead to maize and there is no evidence that

any such alternations have been effected. Teosinte as it is found has

all the characteristics of a wild plant untouched by man.

A second suggestion has been made that maize arose as a mutation

or sudden change from teosinte. It is assumed on this theory that

the mutation was such as to make the plant of some use as a human

food. Once such a change had occurred man could be relied upon to

preserve and propagate all other modifications in the direction of a

useful cereal. Large scale mutations of the magnitude necessary to

change teosinte to maize in a single step occur more rapidly in imagina-

tion than in reality. Mutations in maize and probably also in teosinte

are far from rare but they are insignificant in effect in comparison

with the changes required to alter teosinte to something like maize.

Recognizing that a single large scale transformation of teosinte

to maize is wholly improbable, it has been suggested also that several

fairly large scale mutations took place in teosinte and that a combina-

tion of these resulted in maize. Crudely, it might be assumed that one

mutation gave rise to a cob, another mutation to large seeds, a third

to membranaceous glumes, etc. These then were combined in a single

plant by means of hybridization, giving the ear of corn. Any such ex-

planation must presuppose that none of the mutations, or combinations

of certain ones, were useful to man; the utility of the plant awaiting

the combination of all, for if any one, or combination of two or more,
mutations gave rise to a useful cereal this cereal would have been
started on its geographic wanderings and the outer circle of maize
culture would be made up of these partial-maize plants. Meanwhile,

of course, at the center, the remaining mutations could be combined
to result in maize. That the final result would cover the same ground
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as the initial combinations and supplant them entirely is rather im-
probable unless a vast period of time be allotted to the process.

There are other more serious objections to the hypothesis of mul-
tiple mutation and recombination. To construct maize by this method
it must be assumed that the mutations all took place within the same
general region, for it is unlikely that they would have been transported
to a common center just for the purpose of permitting hybridization
and combination. Then, too, they must have arisen fairly simulta-
neously for obviously a mutation to a cob could not be combined with
a mutation to large seeds if the two mutations were separated in time
by centuries. If separated in time or geographically these hypothetical
changes would have given rise to new species of plants intermediate
between teosinte and maize and, since it must be assumed that they
would be capable of self perpetuation (since man is excluded until a
useful plant is concocted), there is no reason to suppose all these species
would become extinct. In fact, this hypothesis has all the defects of
the theory that maize has been developed from some maize-like grass
now extinct for it presupposes the extinction of many grasses each
having some characteristic of our present maize.

A further obstacle to concluding that maize originated from teo-
sinte by mutation is found in the hybrids between these two grasses. If
maize was derived by combining several large scale mutations these
should segregate as units in 'crosses with teosinte. A study of the
hybrids between these genera shows that they differ not by five or six
mutations but in hundreds if not thousands of genes. Differences of
this order may have arisen by mutation, but if the mutation of thous-
ands of genes is involved in transforming teosinte to maize, the muta-
tion hypothesis does not differ from the proposal that maize was de-
veloped from teosinte by the selection of small variations.

A third theory has been advanced that maize arose as the result

of a hybrid between teosinte and some other grass possessing some of

the characteristics of maize not found in teosinte. The best candidates

for this supposed parent are found in the Andropogoneae, the great
tribe to which grain sorghum or milo maize belong. By a judicious
combination of characteristics of the sorghum with those of teosinte a
grass could be constructed that would provide a starting point from
which maize might be developed through generations of selection. The

members of the sorghum tribe duplicate in many ways some of the
morphological features of maize. These two groups of grasses also

have the same number of chromsomes, a circumstance which though it

does not assure fertile hybrids, at least affords no barrier to them.

The chief objection to the origin of maize through hybridization

of teosinte and sorghum lies in the indisputable fact that the sorghums

which are best suited morphologically as parents of this hypothetical
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cross are Old World plants. The American members of this tribe of

grasses do not suggest a relationship with maize though they may em-
brace in latent form the essential characteristics of the desired parent.

A second objection and one not quite so serious is that all efforts to
hybridize teosinte and sorghum have failed. However there are many

strains of both sorghum and teosinte, also many environments, and it
may be that with the proper strains and conditions hybrids may be
obtained. Botanists are becoming more liberal in their attitude toward
crosses between distantly related plants, a liberalization forced by the
growing success of geneticists in obtaining wide crosses. It may well
be, therefore, that the solution of the origin of maize is retarded by a
too orthodox devotion to taxonomy which restricts the search for the
missing link in the maize descent to closely allied tribes of grasses.

Whatever theory or combination of theories proves to be correct,
all require a long period for the finishing process that produced maize.
This finishing process, it is unanimously agreed, was performed by the
American Indian. Whether he produced maize by the selection of small
variations from some teosinte-like plant or from some extinct species,
whether he derived it through combination of several gross muta-
tions and subsequent selection, or whether he stabilized and developed it
from a hybrid, generations of effort and skill were involved before a
botanically stable plant was obtained. This had been accomplished be-
fore the pre-Inca and Basket Maker ears were buried. After the
species had reached the stability in which it is found today it spread
throughout a large part of the Americas and became the basic food
plant of the three Indian civilizations.

SPREAD IN THE UNITED STATES

Whether maize originated in Peru, in Guatemala or in Mexico, the
Indians of the southwestern United States must have obtained this
cereal from Mexico. Probably the earliest center of corn culture in
the United States was in the region of the junction of the states of
Arizona, New Mexico, Utah and Colorado. In this region at the present
time is found the greatest concentration of varieties and here, too,
corn is an intimate part of Indian religion.

That the corn in this region must have arrived through Mexico is
self-evident, yet the varieties possessed by our southwestern Indians do
not bear a close resemblance to those either of the Mexican plateau or
of the Mexican west coast. Apparently the cultures of the United
States have been long separated from those of Mexico.

Of the tribes now resident in the cradle of corn culture in the
United States, the Navajos have by far the largest number of varieties.
No doubt this diverse group of raiders accumulated the corn of their
neighbors, though it must be kept in mind that until the introduction of
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the horse for ranging raids were not feasible as a means of livelihood,
and it may well be that before the discovery the Navajos were strictly
agricultural. Although the Navajos have the most kinds of corn the
Hopi and Zurii have sorts not grown by the Navajos, and the Papagos
are the only tribe of the region from which pop and sweet varieties
have been obtained.

It is not possible to trace with certainty the migration of corn from
one region to another by a study of the characters that differentiate
varieties. However, the existing evidence does not contradict the
guess that the corn of the Missouri valley came from the Southwest
and that from there it spread east and north to the limits of culture
as found by the Colonists.

Possibly a more definite understanding of the paths followed in
the spread of maize will come with the advance of genetic knowledge
of this species.



III

THE UTILIZATION OF MAIZE AMONG THE
ANCIENT PUEBLOS

KATHERINE BARTLETTI

Before taking up the utilization of maize among the ancient Pu-
eblos, we should consider the ways in which maize can be prepared
to make it edible. All cereals require a good bit of preparation before
they are fit for human consumption, but maize is particularly difficult.
Boiling seems the easiest method, provided you have a kettle, but
did you ever hear of boiled corn as a table delicacy? No, probably not,
unless it were green corn. Maize has such a hard pericarp or outer
shell, that it cannot be cooked by boiling in a reasonable time. How,
then, can dried kernels of corn be made edible? There are three prin-
cipal ways, each with many subdivisions according to special treat-
ments. First, the kernels can be cracked or ground by placing them

between two stones which are rubbed one upon the other. This results
in meal, either coarse or fine as the case may be. Corn meal is readily
cooked. Second, the kernels may be cracked by parching—i. e., heat-
ing them in sand over hot coals until the starch swells and cracks the
pericarp. Parched corn is edible at once, or it may be further pre-
pared. Third, by soaking the kernels a long time in water to which
lye or lime is added, the pericarp is cracked and falls off, leaving the
large swollen starchy portion, which we know as hominy. This must
be cooked before being eaten.

In the prehistoric cultures of Mexico and the Southwest, many
lines of evidence point to the fact that the people prepared their corn
by grinding the dried kernels to meal. The great number of meta-tes
and manos found in ruins point out this fact, but unfortunately the
picture is dim in many places, especially in Mexico, for archaeologists
pay very little attention to this lowly but important household object.
However, the recent work of Vaillant in the Valley of Mexico seems
to indicate that the underlying type of metate is the trough type, as
I have termed it, and the mano of the type to fit it.' At a later
time, Mexican metates took on a new form, in which the flat sloping
grinding surface was supported by three legs, the whole thing being
shaped out of a single block of stone. (See fig. 1).

1. Curator of Anthropology and Archaeology, Museum of Northern Arizona,
Flagstaff, Arizona.

2. Vaillant, George and Suzannah. Excavations at Gualupita. Anthrop. Papers.
American Museum Natural History XXXV, Pt. I, New York, 1934, p. 108. and fig. 33.
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FIGURE 1

METATE AND MANO TYPES
A. Longitudinal section of troughed raetate showing method of supporting on rocks.
B. Cross section of troughed metate and mano which fits. The troughed metate is the

old underlying type throughout Middle America ( ?) and the Southwest United
States.

C. Longitudinal profile of tripod metate.
D. Near-end profile of tripod metate and mano.

(C. and D. after Stromsvik.) The tripod metate superseded the troughed type
in the Valley of Mexico and southward.

E. Longitudinal section of slab metate in bin.
F. Cross section of slab metate in bin with mano.

This type was used by the Pueblos in the northern part of the Southwest.
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In the Southwest, we know definitely more about the development
of corn grinding stones.' In that still hypothetical stage when the
people lived by hunting, we assume that they were accustomed to
pulverize various seeds, roots, nuts, and like things by pounding and
grinding them between two stones, for we know that present day
peoples of the same stage of culture do this. Any two stones of
proper size served the purpose—a flat lower stone and a smaller stone
held in the hand, with which to pound or grind. The grinding was
accomplished by rubbing the upper stone around and around upon the
lower one. This eventually resulted in a round or oval depression
being worn in the lower stone.

When the growing of maize was introduced in the Southwest, the
true metate came into use in the Hohokam and Pueblo areas. As the
knowledge of agriculture filtered northward, it was accompanied by
the knowledge of how the precious maize was utilized as food. This
new metate, when ready for use, was a flat slab of rock—sandstone,
lava, or granite, as the locality provided—in which a wide shallow
groove had been pecked. The rim left along the sides of the groove
prevented the meal from spilling off. Both the upper and lower ends
or only the lower end were left open. When used this metate was
propped up on several stones, raising one end. The woman grinding
knelt behind the raised end, and rubbed her mano up and down upon
the metate in something of the same manner os we rub clothes upon
a washboard. The meal which spilled off the lower end was caught
on a skin or in a shallow basket. This type of metate was well adapted
to use in small houses.

In the Pueblo, or Anasazi 1 area as Kidder calls it, we find the
trough metate came into use in Basket Maker II, and continued to be
used through the successive stages of Basket Maker III, Pueblo I, and
Pueblo II. These stages are essentially alike in this characteristic:
that the people lived in one room earth lodges, either of pithouse or
surface type. One family—father, mother, and unmarried children—
lived in each house. Space was limited, and they had no room for many
cumbersome possessions. Metates, however, were essential, several in
fact for each house, for the maize was ground two or three times on
different stones of progressively finer grain. The metates were leaned
against the wall of the earthlodge when not in use, and one at a time
was propped up on the floor when grinding was in progress.

3. Data on the corn grinding stones of the Southwest, herein given, are con-
densed from the author's paper : "Pueblo Milling Stones of the Flagstaff region and
their Relation to others in the Southwest." Museum of Northern Arizona, Bull. 3. Flag-
staff, 1933.

4. Kidder, Alfred V., and Shepard, Anna O., "The Pottery of Pecos," Vol. II. Yale
University Press, New Haven, 1936, p. 690.
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FIGURE 2

MAP OF THE DISTRIBUTION OF METATE TYPES IN MIDDLE AMERICA
AND SOUTHWEST U. S. AT ABOUT 1300 A. D.

Area of slab metate in bin. This is also the area of multiple-roomed, multiple-
family dwellings, or pueblos.

2. Area of troughed metate propped up on rocks. [Probably should be extended
farther down west coast of Mexico. D. D. B.]

3. Area of tripod metate. Areas 2 and 3 are also the regions where dwellings were
one-room on.-family type.
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In the Pueblo area, about Pueblo III, architecture changed, and
people began to live in surface masonry houses, either small single
family structures of three or four rooms, or very large apartment
houses. Greater dwelling space provided rooms where rnetates could
be permanently set up, and we find the invention of mealing bins.
Here, three or four metates, all of different grain, were set side by side.
This idea did away with the necessity of having troughed metates, and
soon they were flat slabs, and the manos were as long as the metates
were wide. The corn meal was caught in the space provided at the
bottom of the bin.

When the Spaniards arrived in Mexico and the Southwest, three
kinds of metates were in use: First, the flat-surfaced three legged
metate, the typical Mexican type we think of today, was used on the
plateau of Mexico and southward. Second, the troughed metate prop-
ped up on convenient stones was in use in the vast region between the
plateau of Mexico and the Mogollon rim (New Mexico and Arizona),
where houses were of the one-room one-family type. Third, the flat
metate in the mealing bin was used in the Pueblo villages of Hopi,
Zurii, Acoma, and the Rio Grande, where houses were large, spacious,
and permanent. Even today, practically the same situation exists.
(See figure 2).

But today, there is a distinct difference in the method of prepara-
tion of maize, in these same three areas. Among the present day Maya,
Stromsvik says,' their principal corn food is the tortilla.' The corn is
prepared by making hominy of it first, then it is ground on one metate
several times, and the resulting starchy mass made into tortillas.

Among the people of northern Mexico, of whom the Tarahumara
are an example, three troughed metates of various grades of coarse-
ness are employed; but they prepare their corn for grinding, either
by parching it, which makes it crisp and quickly ground, or by making
hominy, which is soft and therefore also quickly ground. Their prin-
cipal staple food is the tortilla.'

Among the Pueblos, the careful and tedious grinding of corn for
the family sustenance forms the greater part of a woman's work. A
few years ago, an average Hopi family, as an example, used a large
bowl of cornmeal—about three quarts—every day. A supply of ten
to twenty bowls full was always kept on hand. On special occasions

5. Stromsvilc, Gustay. Notes on the Metates of Chichen Itza. Yucatan. Cont.
American Arch. No. 4. Carnegie Institution of Washington. 1931, p. 145.

G. Only the principal staple food is mentioned here. Just as we would say that
wheat bread is the staple food of Americans, so tortillas are the staple of the Mayas.
et. al. However, it should be understood that the Maya, the Tarahumara, and the
Hopi all have many other corn dishes.

7. Bennett, Wendell, and Zingg, Robert M., "The Tarahumara. An Indian Tribe
of Northern Mexico." University of Chicago Press. Chicago, 1935, pp. 30, 39.
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such as ceremonies, work parties, weddings, etc., vast extra quantities
were needed.' In Cushing's masterpiece "Zufn Breadstuffs," 33 pri-
mary recipes for corn dishes are given, and, of these, all but four re-
quire cornmeal—either coarse, medium, or fine, or all three.° The
Pueblo staple is thin wafer or tissue paper bread.

The points stated bring to mind several questions: First: Did the
house-type affect the metate type? We have seen that in the Pueblo
area, where the houses were large, with several rooms for a family, the
metates were set permanently in bins; while in the warmer regions to
the south, where dwellings were generally one-family one-room struc-
tures, of light construction, metates were of portable type. Second:
Did the ancient Mexicans prepare their corn as they do now, or was
the grinding of dried kernels the old way? I am inclined to believe that
they ground the dried kernels, for otherwise there would have been no
need to invent the elaborate metates that exist. A simple mortar and
pestle is quite sufficient for parched corn and hominy. The Pueblos
know the use of parched corn and hominy very well, but for centuries
they have stuck to grinding the dried kernels, a task of infinite labor.
Why they still adhere to this laborious method, when they might em-
ploy either of the other two simple methods, we cannot say, except
that perhaps now, it is just an old Pueblo custom! A vast amount of
information must be gathered by the archaeologist and ethnologist
before we really know the history of the utilization of corn among the
prehistoric peoples of our area.

8. Bartlett, op. cit. p. 3.
9. Cushing, Frank H. "Zufii Breadstuffs." Indian Notes and Monographs, Vol.

VIII. Museum of the American Indian. New York, 1920.
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AN EXPERIMENTAL CORN FIELD IN MESA VERDE
NATIONAL PARK

PAUL R. FRANKS ' and DON WATSON 2

The purpose of the National Park system is to preserve the natural
and, the unusual features of certain areas and present these features
to the visitors in a clear, understandable manner. Since the unusual
features of Mesa Verde National Park are its ruins, that stand as the
sole evidence of a vanished people, it is evident that the story the
members of the staff present to the public is that of the ancient peoples.

In making this story clear to the visitors, drastic steps must some-
times be taken. The lives of those ancient people were so different
from anything we now know that the visitors have difficulty in grasp-
ing the situation. One of the most frequent questions concerns the do-
mestic economy of the ancient Pueblo Indians. How did they live?
What did they eat?

At first thought it would seem sufficient to answer that the people
were farmers; that their mesa-top fields produced corn, beans, and
squash sufficient for their needs. This answer is not convincing, how-
ever. Most of the visitors come in the summer, when the air is dry,
the earth is dry, the sky is without cloud, and running water does not
exist. As a result, the average visitor refuses to believe that crops
will grow without irrigation.

In order to meet this skepticism unusual steps have been taken.
Working on the theory that seeing is believing, a small field of corn
has been planted each spring for the past seventeen years, and the
question of the food supply of the Indians has been answered merely
by a pointing of the finger.

The site selected for the field is a low draw on the Cliff Palace
Road one mile east of headquarters. The altitude of the field is 6,925
feet. The surrounding growth was a dense cover of pinyon and juni-
per, but the site itself was without trees, the vegetation being a lux-
uriant growth of sage brush, which attested to the excellence of the
soil—a heavy red clay, with a high percentage of humus.

The site was chosen because it was devoid of trees, was beside one
of the roads leading to the ruins, and because it was felt that the
location in the low draw would cause ground water to drain toward it
from the surrounding higher terrain.

1. Assistant Superintendent and Park Naturalist, Mesa Verde National Park,
Colorado.

2. Ranger-historian, Mesa Verde National Park. Colorado.

[ 35]
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The plot, measuring about two acres, was cleared of growth and
fenced. It was then plowed and harrowed and turned over the Navajos
who were employed in the park. Each spring since that time the prac-
tice has been the same. The field has been plowed and harrowed in
the conventional manner, but the planting and care of the field has
always been in the hands of the Indians.

During the early years of the field the older Indians were in
charge, and the true Indian methods of planting were practiced. Plant-
ing sticks were used and a prayer was tamped into every hill. During
the later years younger Indians have done the work and modernization
has crept in. The planting stick has given way to the shovel, and
the prayers have been neglected. Strange as it may seem, the absence
of prayer has not diminished the yield.

The planting method has been that used by the Navajos on their
own farms. With one deep scoop of the shovel a hole is made that is
about five inches deep and fifteen inches long. In the bottom of this
hole another smaller hole is made four or five inches deep. When
the corn is dropped into this, the seeds are ten inches below the sur-
face of the earth. However, only the small hole is filled in at first and
the corn shoots have to grow only four or five inches until they are
in the sunlight. After the shoots have come out into the sunlight,
growth is rapid, and as soon as the stalks of corn have reached the
level of the ground surface the larger hole is filled in. This planting
method places the roots of the corn under ten inches of earth where
they are assured of a greater supply of moisture than if they were only
three or four inches deep, as in modern practice.

The hills are placed from five to eight feet apart and in no regular
order. Ten or twelve kernels are planted in each hill. Once or twice

during the summer the field is hoed, but other than this is receives no

attention.
Twice during this period small amounts of manure were placed

on the field. This was done not because there seemed to be a need for

it, but because it was available and would otherwise have gone to

waste.'
The corn grown in the field has been of a variety grown by the

Indians of the southwest. It is the rainbow flint, commonly called

calico corn or squaw corn. Some of the seed has been obtained from

the Navajos, some form the Hopis and Zufiis, and on one or two

occasions from the Rio Grande Pueblos.

Seed obtained at these various places has been mixed indiscrimin-

ately and the origin of the seed has never seemed to have any noticeable

3. The corn field has been manured only four times during the entire period of

its use as an experimental plot. (Note, as of August, 1936.)
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effect on the yield. Each year a germination test is made and only the
best seed is planted.

During the seventeen years of the field's existence only two crops
have been failures—those of 1924 and 1934. The reasons for the fail-
ures of these two crops are very evident. In 1934 the critical spring
months were almost totally dry. During May only .23 of an inch of
rain fell, while June was without a trace of moisture. The young corn
was unable to survive this period of drouth and none lived until the
summer rains came.

In 1934, a year of widespread drouth, the rainfall in Mesa Verde
amounted to only 10.19 inches, and the annual mean temperature was
3.9 degrees above the average. The snowfall was very light during
the previous winter, the total being only 19.7 inches compared to the
normal fall of 60 to 100 inches. The corn was planted at the usual
time,' and although it came up it was unable to survive because of the
small amount of reserve moisture and the deficiency of rain.

In each of the other fifteen years the field produced a crop. The
yields varied, of course. A few of the crops were light—a few were
exceptionally heavy—most were what might be termed average for
dry land farming. Certainly the average yield has been such that
a people depending upon it for a livelihood would not have been in dis-
tress.

No effort has been made to measure the yield. Birds and rodents
have been allowed free access to the field and sometimes almost half
of the crop has been destroyed by the animals. Moccasin tracks lead-
ing in toward the Navajo hogans would indicate that some of the corn
had disappeared in that direction. For these reasons any measurement
of the yield would have been misleading.

Very naturally the ears from this experimental field are often
compared with those that have been found in the cliff dwellings. A
startling difference is evident. Some of the ears from the field have
been of unusual size. It is only occasionally that an eleven-inch ear
is produced, but ten-inch ears are common.

When these ears are compared with those found in the cliff dwell-
ings, the difference is obvious. Most of the corn cobs from the ruins
are very small, seldom larger than a man's finger. Compared with
the modern ears they would seem to indicate any one or all, of three
things. Either the Pueblo corn was a poorer stock than the modern
corn, or the farming methods were less effective, or the conditions
were less favorable. Upon further consideration another explanation
might be advanced. It would seem safe to assume that the early
Indians burned their corn cobs since they make such excellent fuel.

4. The average date of planting is between the 5th and 10th of May.
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In all probability most of the ears of each crop were burned shortly
after the corn was shelled. If this assumption is correct it is evident
that most of the cobs we find in the ruins are from the last crop or two
that the Indians raised. If, as is now generally believed, the Indians
left the Mesa Verde because of a long period of drouth, it is imme-
diately evident that most of the corn cobs found in the ruins were from
those last few crops which were partial, if not total, failures. The
small cobs, then, are not really indicative of the average size of the
corn produced by the cliff dwellers. The occasional large ears found
may indicate that the early Indians were able to raise crops that could
compare favorably with that raised in the Mesa Verde field.

Beans and squash; the other two crops raised by the early Indians,
have also been planted in this field. The beans have never survived
the onslaught of the rabbits and squirrels. These animals have kept
the tender young shoots clipped off just above the ground. The squash,
however, have done well and some large melons have been produced.
Cantaloupes, watermelons and potatoes have also been raised in the
field.

In conducting this experiment every effort has been made to
reproduce the conditions under which the early inhabitants farmed.
It was felt that if this could be done certain questions pertaining to
the farming success of the early people might be answered. The plot
selected was in an exceedingly favorable location. Near it were Cliff
Palace and a number of other cliff dwellings, and almost within a
stone's throw of the field were a number of Early Pueblo and Basket
Maker sites. It is not at all unlikely that this very piece of ground
was once farmed by some of those early inhabitants of the Mesa Verde.
The planting methods used in this field by the Navajos were probably
very similar to those practiced by the ancient farmers and the seed
planted was more or less directly descended from the corn that was
grown in the Southwest in those early times. As far as is known the
climate of the present day is the same as it was seven or eight hundred
years ago.

When all of these conditions are taken into consideration it would
seem that the results of these experiments might shed some light on
the problem that faced those early farmers and might give us some
idea of the success or failure of their efforts.

The most important factor in this dry land farming is, of course,
the rainfall. In addition to the fact that the success of this experi-
mental field attests to the sufficiency of the rainfall, the records of the
government weather station give further proof. (See Figure 3).
Weather records are available for the last 12 years. During that time

the average annual precipitation has been 17.42 inches. Only once
during that period did it fall below 14.00 inches—in 1934, the year of
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widespread drouth, the total was only 10.19 inches. The greatest

rainfall that has been recorded was 22.68 inches, in 1927.

Most of this moisture comes during the two wet seasons, one in

the winter and spring, the other late in the summer. Of these two,

the former seems to be the more important in the production of a crop.

The most critical time for • the crops is during the month of June,

which is the driest of the year: Unless a large amount of snow has

ROM VS WCATHCR BUREAU CLIMATOLOGICAL DATA. A. MESA VERO( ORIGINAL ENTRIES

FIGURE 3

fallen during the winter, there is not enough moisture stored in the
earth to carry the corn through the June dry period.

If the winter precipitation has been light, and the corn does not
survive the June drouth, the crop is, of course, a total failure. If, on
the other hand, the winter moisture is sufficient to give the corn a good
start and carry it through June, the corn has a good chance to make
a partial crop even if the summer rains are light.

That this amount of rainfall is sufficient for successful agriculture
can be shown by a comparison with the average rainfall of the Hopi
country. The average annual precipitation at Kearns Canyon is
10.94 inches. This is six and one-half inches less than the average
rainfall at Mesa Verde. It would seem safe to assume that if the
Hopis have farmed successfully for many centuries, then surely
Indians, using similar farming methods, could have lived an agricul-
tural life in the Mesa Verde.

In comparing the farming conditions in the Mesa Verde with
those in the Hopi country, there is another point that is of prime
importance. It is the length of the growing season. When it is con-
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sidered that Mesa Verde lies farther north and 1,000 feet higher than
the Hopi country, it might seem that the growing season would be
short.

The records of the government weather station during the last
twelve years are rather surprising. The latest killing spring frost
came on May 24. The earliest killing autumn frost fell on September
21. The shortest season during this twelve-month period was 146
days. Even if the latest spring frost, and the earliest fall frost had
occurred in the same year, the growing season would have been 120
days, which is sufficient for the maturing of the crops raised by the
Indians.

One question that often arises concerns the problem of soil
depletion. The soil of the Mesa Verde is not a soil that could quickly
revivify itself as do some tropical soils. The question may well be
raised as to whether the Indians were able to farm a plot many years
before the soil fertility was exhausted.

There are a number of ways in which the modern Indians avoid
this. The method of planting is the finest insurance. The hills in the
modern Hopi corn fields are from five to eight feet apart and they
are in no definite order. Each year at harvest time the stubs of the
stalks are left in place in the field. When the next planting time
comes these stubs tell the Indian farmer where not to plant. By using
this method two hills may not be placed in the same spot for many
years. This method of planting is the greatest insurance the modern
Indian farmer has against soil depletion. Forde, in his paper on Hopi
agriculture, says that the crop on a particular plot is seldom changed,
and fertility is maintained by the wide spacing of the plants.

In the Mesa Verde field this same system of planting has been
used, and the fact that the field is still producing good corn after 17
years is sufficient evidence that the fertility is not yet exhausted. The
crops of the last few years have been as good as those of the first
years of the field's existence—in fact the finest crop ever produced
was that of 1933. That was the fifteenth consecutive year that the
field had been planted in corn.

This question of soil depletion was referred to Mr. Alvin Kezer,

Chief Agronomist of the Colorado State College of Agriculture. Mr.

Kezer said, "We have been growing crops at our Akron Dryland Station

since 1907 and have not yet depleted the soil. Our yields go up and

down with the rainfall and we have more fertility than the ordinary
available rainfall will utilize. Within twenty-five miles of Akron,

however, we have sandy dry lands that grow about two crops of corn

and no more unless the land is given a rest or is fertilized. These

two cases show that no one statement can be made about how long it

takes corn 'to deplete the soil under dry farming methods. In the one
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case thirty years of continuous corn growing have not depleted the
soil, and only a few miles away two or three years cropping will
deplete the available nitrogen fertility."

Since the Mesa Verde field has been growing corn for 17 years
it is evidently a soil that is not easily depleted.

There was another way in which the Indians, unconsciously, of
course, kept the 'soil from being depleted. This was by growing beans
in the same field with the corn. While we cannot be absolutely sure
that the early farmers did this, it is a fairly safe assumption, since
it is so common with the present day Indians. Beans are an extremely
good crop to grow in fields that are producing corn, because, being
legumes, they add nitrogen to the soil. It is the nitrogen content of
the soil that corn is most apt to exhaust. Thus the Indian farmer,
by growing beans and corn in the same field, helped in preventing the
depletion of his soil. In the Akron region already mentioned, beans
and corn are alternated to preserve the strength of the soil.

Another problem that is receiving much attention in certain
circles at the present time is that of soil erosion. In the early days,
before the spectre of overgrazing had reared its ugly head over the
Indian country, there was probably very little erosion, certainly none
that would have distressed the Indian farmer. The deep arroyos, now
so common, did not then exist, for there are men still living who can
remember the time when the floors of such canyons as the Chaco and
the Tsegi were almost swampy in nature and there were little signs
of a drainage channel.

In prehistoric times the mesa tops and canyon bottoms were cov-
ered with a dense growth of grass that would have prevented any
great amount of erosion. The fields would have received only the
rain water that fell on them plus a small lateral supply if the field
was located at the foot of a slope. This amount of rainfall could have
been taken care of by the field without any great runoff.

Very often the modern Indian farmer builds up ridges of earth
around each hill of corn so all of the rain water is held for the
plant. In this manner run-off is checked and there is little erosion.

When the results of this experimental field and the results of the
present day Indian farming are summed up, they seem to indicate
that the problems facing the early farmers of the Mesa Verde were
not as serious as they might seem at first thought. That the agricul-
tural efforts of these people were crowned with success is evidenced
by the fact that they were able to live in the Mesa Verde for many
hundreds of years. From Basket Maker times on through Pueblo III
there was evidently a continuous occupation of the region.



V.

PREHISTORIC IRRIGATION IN THE SALT RIVER VALLEY

By ODD S. HALSETH I

The drainage areas of south-central Arizona may be said to con-
tain remains of the only true irrigation culture of pre-Columbian North
America.' The highest development of this culture was reached during
the late Hohokam period in the alluvial valleys of the Salt and Gila
rivers.

In 1930 an aerial survey, made through the co-operation of the
United States Army and the Smithsonian Institution, revealed nearly
125 miles of ancient canals in the Salt River Valley and about half
that number in the Gila Valley.' Many of the canals measure 30 feet,
or more, from crown to crown, and reach depths of over ten feet. Some
may be traced over ten miles from their intakes. (See Figs. 4 and 5).

It is apparent that such conditions mark a difference between
Hohokam farming methods and those of the Pueblo people, who may
be said to have been "dry-farmers" and whose only method of irriga-
tion was one of convenient adaptation through the use of smaller
ditches, or ace quias. In the final analysis the Pueblo people depended
upon local seasonal rains, as seen in both technology and ceremony,
while the Hohokam tapped a ground supply insured by permanently
flowing rivers.

In the Salt River Valley the total canal mileage consists of several
independent units, each with its own intake which probably was con-
structed of rock and brush. Erosion of the river banks since the first
Mormon farmers arrived in this valley some 65 years ago has widened
the channel to over a mile in many places and destroyed original intakes

and portions of canals running adjacent to the original banks, which,
according to early observers, were steep and well protected with

vegetation.' The river seems to have been deep and narrow.

1. City Archaeologist, Phoenix, Arizona. Pueblo Grande Laboratory.
2. Pertinent literature on the old canal systems includes ; Patrick, H. R., The

Ancient Canal Systems and Pueblos of the Salt River Valley, Arizona. Phoenix, 1903.
Turney, 0. A. The Land of the Stone Hoe. Phoenix, 1924.

Turney, 0. A. Prehistoric Irrigation in Arizona. State Historian's Office. Phoe-

nix, 1929.
Halseth, Odd S., Prehistoric Irrigation in Central Arizona. The Masterkev, Jan.

1932.
3. Described by N. Judd in New York Times for March 2, 1930, and by O. S. Hal-

seth, op. cit.
4. Based on oral information obtained from such early settlers as H. L. Hancock

(Phoenix, 1874), F. Vogel (Tempe, 1877), C. Peterson (Mesa, 1878), S. C. Sorenson
(Mesa, 1879), and W. A. McDonals (Mesa, 1379).
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In only one instance has the writer traced an old canal right to

the river bank. At this spot the river makes a swing away from the

bank, with no chance to meander, and in normal times it would be

possible to divert water into the old canal by means of a small dam.

On the lands irrigated in prehistoric times are found remains of

some 22 village sites, all containing sherds of the so-called Classic Hoho-
kam pottery.' Most of the sites also have another feature which is

—

FIGURE 4

OLD CANAL SECTION IN SALT RIVER VALLEY, NEAR PHOENIX

identified with this phase of Hohokam culture, namely the large mound-
like structure which so commonly is taken as an indication of Pueblo
intrusion in this region. In and near these masonry structures are
also found inhumated burials, and an almost total absence of crema-
tions, which is further taken to mean Pueblo culture and physical
intrusion.

One of the best preserved structures of this kind is at Pueblo

Grande,' (See Fig. 6). The excavations carried on here for the past

5. The term "Hohokam" and other elements of the Globe Glossary were adopted
by many workers in the field at a conference in 1931 at the Gila Pueblo. See A Survey
of Southwestern Archaeology, by F. H. H. Roberts, Jr., American Anthropologist, Vol.
37, No. 1, 1935.

6. See references listed in footnote 2, and A Stratigraphie Study in the Gila-Salt
Region, Arizona, by Erich F. Schmidt, Proceedings of the National Academy of Science.
May, 1927.
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three years not only have failed to produce evidence to support the
theory of Pueblo intrusion, but show indications of a purely local
development as a result of conditions brought about by irrigation
troubles.

The building is roughly 300 feet long by 150 feet wide. The out-
side walls are made of rocks laid in adobe mortar, varying in thickness

FIGURE 6

THE PUEBLO GRANDE RUINS AND PARK OF THE FOUR WATERS
are prehistoric monuments, owned and being developed by the city of Phoenix as part
of its park system. This aerial view shows the ruins before excavations started and
some of the prehistoric canals constructed centuries before America was discovered.

from three to ten feet, consisting of two rock walls with fill between.
The outside rock wall, in this case, shows a great deal of patch work,
indicating threatened collapse of the wall at different periods of
construction.

The depth of culture within the walls is over 30 feet and consists
of some seven layers of fill, each with a plastered floor, but with no
evidence of domestic occupation. The lowest fill is about eighteen
inches thick, the next one three feet thick, and each succeeding fill
shows a slight increase. The fill was carried in by the basket-full and
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in places each load can be identified as a small heap of gravel, clay, or
trashmound material, depending upon the source of the borrowing.

Between a floor and the next fill the roof material is sometimes
found, while again the absence of wood material in a fill indicates it
was salvaged for reuse. On one level, with over 90 postholes in a floor
area of 30 feet by 40 feet, was found definite evidence that the roof
structure of poles and brush was entirely independent of the masonry
walls. These, instead of being bearing walls as in a Pueblo type of
dwelling, seem to have served as retaining walls for a growing mass of
dirt fill, and raised in height with each successive construction fill.

The building itself seems to have been a low one-story structure
of a communal nature, perhaps a granary, and of post, brush, and
adobe construction, with the masonry walls around it forming the
limits of a base which periodically was increased in height. Around
this structure stood a village of jacal structures, covering an estimated
area of over fifty acres.

On the very top of the present mound, over the last fill, are found
a few single unit structures of both adobe and jacal construction with
not only evidence of domestic use, such as firepits, utensils, etc., but with
inhumation in the adjacent adobe walls and under the floors of lean-tos
on the contemporaneous talus level. These structures are like those
of the village, and the material culture is the same. Having nothing
to compare the skeletal remains with, it is futile to say that they are
Hohokam except by inference. Numerically they are few compared
to the number of cremations in this region, and at Pueblo Grande they
represent almost entirely seniles and infants.

Irrigation conditions may account for both the architectural devel-
opment of the big structure and for the conditions found with the
domestic occupation of the abandoned top level. For the sake of illus-
tration we may compare them with the present irrigation conditions,
the only analogy to prehistoric times.

At the present time about 1,000,000 acre-feet of water are used for
irrigation in the Salt River Valley. About one-fifth of this amount
goes into the ground as seepage and builds up water table at the rate
of from three to five feet each year: Without drainage facilities this
would mean that the greater part of the valley, and all of the area
comprising prehistoric farming, would be waterlogged and unfit for
use in less than ten years.' The volcanic pocket underlying the valley
affords very poor natural drainage and the limits of this pocket

7. Based on a study of records in the office of the Salt River Valley Waterusers
Association.

8. Personal opinion of the author, verified by cons ersations with such irrigation

experts as : T. A. Hayden, Phoenix ; R. A. MacDonald, Phoenix ; and Raymond Hill,
Los Angeles.
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are so well defined that nitrate, for example, can be picked up inside
the limits and not a few feet further away.

From 1870 to 1920 about one-third of the area under irrigation
was rendered unfit for farming, and since that time the whole project
has been made possible only by the installation of artificial drainage

facilities. At the present time nearly 300,000 acre-feet of water are
pumped from the project each year. The ancients had no drainage
facilities.

How long irrigation goes back is problematical. On the Gila River,
a silt-carrying "flash" stream, irrigation may well have developed
from the original farming of the lower flood plain of the river.
Although the normal water table is high along both the Salt and the
Gila, the latter offers no such obstacles as are found around Phoenix,
and though both valleys were abandoned about the time marauding
tribes made history in all southwestern farming communities, it is
more than likely that irrigation was at least a contributing factor in the
abandonment of the Salt River Valley.

That all of the canals and villages were used contemporaneously
is unlikely. If this had been the case the valley could have been water-
logged in a couple of generations or so, a too short time to account for
the amount of culture deposits within the valley. There are some indi-
cations that both canals and villages were built successively, and if
there is an intra-valley chronology, it can and should be established
before the whole picture can be made clear.

As to the idea of Pueblo occupation of the region during the Classic
or late period, one theory is as good as another. Neither buildings nor
inhumations show proof of Pueblo intrusions, although it is inconceiv-
able that the Hohokam should not have been subjected to some influence
by neighboring cultures, as found in the presence of polychrome pot-
tery, for example. Other ideas may also have a Pueblo source, but it is
just as simple, if not simpler, to account for the inhumations in this
region by the fact that at the time of abandonment a small helpless
group of individuals left behind sought the tops of the higher struc-
tures and other relatively dry areas and built there houses like those
they had used in the villages, spent their last few days in a hopeless
struggle, and changed their burial custom from sheer physical
necessity.



VI.

THE SNAKETOWN CANAL'

EMIL HAURY2

Southern Arizona, notably the Gila Basin, was the seat of a culture
known as the Hohokam. The identification of this group as distinct
from the northern Pueblos and Basket-makers of pre-Spanish times
has come about in recent years, and the important role played by these
peoples in the development of Southwestern cultures at large is only
now being realized. In the richness of their material attributes and
in the length of time through which the sequent stages' of their cul-
ture's growth can be traced, the Hohokam stand alone in the American
Southwest. An achievement that accentuated the distinctiveness of
this culture was the development of canal irrigation along the streams
of southern Arizona, chiefly along the Gila and the Salt. The magni-
tude of the canal networks, the size of the individual canals, and the
extent of the area brought under cultivation are matters of common
knowledge and have frequently been alluded to in terms that show
favorable comparisons with the canals of some of the Old World cul-
ture centers. It is this accomplishment more than anything else that
throws the Hohokam into prominence in our study of the American
aborigines.

The program of excavation at Snaketown called for examination
of the canal which ran along the southern margin of the village in
the hope of ascertaining when, in relation to occupation, it was used,
and the details of its construction. Owing to erosion and surface
changes brought about by man, this canal was traceable for only about
three miles, Snaketown being in the approximate center of the section.
The intake, now washed out, was probably located about six miles
east of Snaketown, and the canal divided one-half mile west of the
village.

1. Snaketown, a large, prehistoric settlement of well over 200 acres, is situated
on the north bank of the Gila River, about 12 miles west of Sacaton, the agency of the
Gila River Indian Reservation. A full report on the Snaketown canal and the general
archaeological results accruing during seven months of work in this village is now in
preparation and will appear in the Medallions of Gila Pueblo, Globe, Arizona.

2. Assistant Director, Gila Pueblo, Globe, Arizona.
3. Until the excavations at Snaketown were undertaken by Gila Pueblo in the

winters of 1934 and 1935, the chronology established for the Hohokam carried the
development through the Modern, Recent, Classic, Sedentary, and Colonial Periods,
ranging in time from the present to before 900 A. D. A new period, the Pioneer, was

added through the work at Snaketown. All periods have been divided into a series
of phases giving a continuous development which probably began before the time
of Christ.

[ 48]
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The two most attractive spots on the canal for testing—one in the

village where a rubbish mound abutted the canal bank, and the other

at the fork west of the site—were ultimately explored by means of

trenches which sectioned the canals, laying bare the evidence here used

in their chronological allocation.
The first test in the village revealed a series of three canals super-

imposed which immediately told of the struggle the Hohokam had
against the force of aggradation—the choking of the channel with silt

carried by its own water. Of even greater importance was the story

told by these three canals and their contents of broken pottery, of the
times when they were in use. Reconstructed, this story is as follows:

When the oldest of the three canals was originally dug, the ex-

isting surface must have been littered with broken pottery which be-
came lodged in the embankments of earth thrown up along the edge
of the ditch. These sherds, although some were earlier, some later,
were chiefly of Santa Cruz Red-on-buff, the ceramic diagnostic of the
Santa Cruz Phase, the last in the Colonial Period and dated roughly
from 700 to 900 A. D.'

Hence the ceramic development at Snaketown had entered the

Santa Cruz Phase at the time that this canal was dug, and we can

assign to it a rough date of 800 A. D. It is altogether possible that an

earlier canal was destroyed in excavating the one concerned, but, lack-

ing evidence, the date given must stand as an approximation for the
oldest canal discovered here.

This lowermost canal was then used for a time until it gradually
became filled with silt, the upper layers of which contained Sacaton
Red-on-buff, datable to the Sacaton Phase of the Sedentary Period,
circa 900 to 1100 A. D.

To maintain the system, re-excavation became necessary and
thus the second canal was dug. This was used for an indefinite period
without any appreciable altering of the channel itself except for the
deposition of a calcareous crust on the sides due to carrying lime-
charged water. During this time, a mound of rubbish accumulated
on the north bank of the canal, the accumulation of kitchen sweepings
and waste of the people living nearby. Ultimately this canal was also
filled with silt and pottery which could be allocated to the Sacaton
Phase, indicating that there had been no appreciable change in pottery
from the filling of the first canal to the abandonment of the second.

Renewal of excavation was again necessary, and the third and
latest canal in the series came into existence. This channel, like the
second, was heavily encrusted with lime, its bed having two layers

4. The dates for the various phases at Snaketown are estimated on the basis of
intrusive Anasazi pottery assigned to centuries in the Christian calendar by dendro-
chronology.
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separated by about 10 cm. of sand containing sherds of Sacaton Red-
on-buff. The silt which filled the uppermost canal, however, con-
tained no pottery.

From these clues it becomes possible to say that, although the
third and latest canal was constructed during the Sacaton Phase of
the Sedentary Period, probably before 1100 A. D., it may well have
been used up into more recent times, even to the Classic Period, since
settlements of this period lay to the west of Snaketown which itself
was not then occupied.

This suspicion was confirmed by the results of the test made at the
fork in the canal west of Snaketown towards the Classic settlements.
Here there was no evidence of the two lower canals, suggesting that
originally the system did not extend beyond Snaketown, and that only
in late times was the upper canal carried westward to supply the new
villages. Of greatest importance were waterworn sherds of Casa
Grande Red-on-buff of the Classic Period in the beds of the canals,
indicating strongly that they were in use when this type of pottery
was being made. From this it may be concluded that the upper canal
in Test 1, constructed in the Sacaton Phase of the Sedentary Period,
was carrying water during the Classic Period, and that its extension
was picked up in the test at the fork. In terms of the Christian cal-
endar, 1300 A. D. would probably mark the end of the life of this
latest canal.

Estimated conservatively, the Snaketown canal and its various
renewals were used for a period of not less than 500 years; i. e. 800
to 1300 A. D. Canal irrigation as possessed by the Hohokam may well
exceed this period, however, since the oldest canal in the Snaketown
series was certainly not the first attempt at irrigation, it being in no
way inferior to those of later times. How far into antiquity the be-
ginning can be projected will be disclosed only by further study, but it
can be asserted with assurance that, more than a thousand years ago,
canal irrigation was already well intrenched in southern Arizona, and
that from roughly 1200 to 1400 A. D. the canal systems attained their
peak both as to gross size and aggregate mileage.



VII.

A SUMMARY OF DATA ON ABORIGINAL COTTON

OF THE SOUTHWEST

VOLNEY H. JONES1

In pre-Columbian times the cultivated plants of the Old and the

New Worlds were, on the whole, quite distinct. The only important

group of domesticated plants occurring in both was the cottons. How-

ever, different species were cultivated in the two hemispheres.

Wissler (78, p. 43) outlines the cotton-belt of the New World as

extending from the Pueblo region of the Southwest, through Mexico,

and into Peru. Cotton was the principal textile fiber throughout this

region. It was grown and used to a lesser extent in other parts of

South America and the Antilles. He points out that this distribution

was, in the main, coincident with the regions of higher culture, and

considers (78, p. 47) the cotton complex in this hemisphere to have been

essentially one and to have been diffused from a single center.

In view of the wide distribution of cotton in the Southwest and

its important bearing on certain anthropological problems of that

region, an examination of literature and material relative to the various

phases of cotton cultivation and use in the region has been made. A
brief summary of the results is given here.

The earliest written accounts of cotton in the Southwest are found

in the chronicles of the early Spanish expeditions. These, almost

without exception, mention the wearing of cotton clothing by Indians

of the various pueblos and sometimes refer to fields of cotton.
For the Rio Grande valley and adjacent pueblos, the Piro and the

Tigeux are mentioned most frequently as cultivating cotton.' Culti-
vation is also specified for Santo Domingo (55, pp. 98-99) and Acoma
(15, p. 560; 66 p. 570), and the region around Chama (80, p. 44).
Apparently cotton was not cultivated at Taos and Pecos (65, p. 575).
It seems that Bandelier's statement, made in 1890 (2, p. 345), that
cotton was grown in the Rio Grande valley as far north as Santo
Domingo and Cochiti and that the people of the northern pueblos

dressed chiefly in skins supplemented by cotton cloth, is still tenable.
Evidently the wearing of cotton mantas was general throughout

the Rio Grande region, yet they do not seem to have been very plentiful.

The people of Tigeux were unable to furnish Coronado with three

1. Assistant, Ethnobotanical Laboratory, Museum of Anthropology, University of

Michigan, Ann Arbor, Michigan.
2. Re'scion del Suceso (65, p. 575) ; Jaramillo (44, p. 587) ; Mecham (63, pp. 273-

276) ; Gallegos (27, pp. 262-265) ; Escalante (19, p. 156).

1 51 1
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hundred pieces of cotton which he demanded (12, P. 495). The people
of Acoma were said to trade cotton mantas to the Querechos (20, p.
183). Cotton clothing and weaving were attributed to the Piro and
Tiguex, Keres (20, pp. 181-182), Tano (20, p. 180; 189), Pecos
(20, p. 182; 12, p. 491; 42, p. 323), and Jemez (20, p. 182). Levies of
cotton cloth were made upon the Indians around Santa Fe (5, p. 345).

The accounts for Zuiii indicate that little, if any, cotton was grown
there at the time of the early Spanish explorations. Cotton clothing
was worn to some ex-tent, apparently secured chiefly from the Hopi.'

All evidence points to considerable cultivation by the Hopi.' Cotton
clothing seems to have been plentiful, as the members of Espejo's party
reported that gifts of large amounts were made to them. Luxdn (50,
p. 101) says that Espejo and his men saw large fields of cotton.

Early data on the Gila region is scattered and fragmentary, but
cultivation appears to have been intensive and cotton clothing com-
mon.° The industry seems to have been centered among the Pima, but
the Maricopa and possibly the Papago also cultivated cotton.

Since the time of the Spanish explorations, the growing and use
of aboriginal cotton has declined. The early introduction of ,sheep and
the later availability of yarn and cloth at trading posts have doubtless
been important factors causing the decline. Cultivation was languish-
ing in the middle of the last century, and was practically extinct when
serious anthropological work was begun in the region about 1890. The
cultivation since that time has been chiefly in small plots for ceremon-
ial purposes.

Cotton is known to still be rather generally used for ceremonial
purposes in the Rio Grande pueblos, but otherwise little reference to it
has been made in recent years. A specimen was collected in the vicinity
of Espafiola, New Mexico, by Mrs. Stevenson prior to 1912, but in the
published account (49, p. 8), the date and the pueblo are not given.
A Santa Clara man, who died in 1909, is said to have raised cotton
(68, p. 103). Parsons says that cotton was still cultivated for cere-
monial purposes at Jemez in 1922 (61, pp. 14-15), and at Isleta in 1925

3. Castafieda (12, pp. 495: 521) : Coronado (15, p. 583) : Espejo (20. p. 177)
Luxdn (50, pp. 72-73) ; Escalante (19, pp. 155-156) ; Bustamente (11, pp. 146-147).

4. Castafieda (12, P. 517) ; Coronado (15, pp. 558; 560-563) : RelaciOn Postrera
Sfvola (66, P. 569) ; Jaramillo (44, p. 586) ; Relacién ciel Suceso (65, p. 573)

Mendoza (54, pp. 549-550) Espejo (20, p. 185) Luxiin (50, pp. 89: 91) Bustamente
(11, pp. 148-149) : Zirate-Salmer6n (80, p. 47) ; Ofiate (60, p. 235) ; Bandelier (2, PP.
37; 157).

5. Castafieda (12, p. 489) Mendoza (54, p. 550) Coronado (15, p. 562) ; Pelac-
ion del Slices° (65, p. 574) ; Jaramillo (44, p. 587) ; Luxim (50, pp. 98-102) ; Espejo
(20, p. 186) ; nrate-Salmer6n (80, p. 64); Bustamente (11, p. 149) ; Escalante (19,
p. 151) ; Garcés (28, p. 298) ; Fewkes (21, pp. 599; 629).

6. Font (9, p. 44) ; Kino (8, Vol. 1, p. 171; Vol. 2, p. 267) ; Velarde (79, PP.

129; 132) ; Ofiate (32, p. 167) ; Sedelmair (2, pp. 111-112).
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(62, P. 211). Mr. F. H. Douglas says that the older people at Acoma

still remember the cultivation of cotton for textile purposes. In 1934,

Dr. Leslie A. White found cotton being grown at Santa Ana for cere-
monial purposes. It would not be surprising if some of the other more
conservative pueblos of the region are still growing a small amount of
cotton.

Mrs. Stevenson reports that the Zufii made cotton textiles as late
as 1879, (73, p. 77) and in 1910 were using native cotton for cere-
monial purposes (73, p. 92). In 1916, Spier (70, p. 64) collected notes
on the former cultivation, ginning, and spinning of cotton from a Zufii
informant. These operations, however, had been performed in the
childhood of the informant, then a woman sixty years old. Recent
accounts state that cotton is still used ceremonially at Zufii.

Ten Broek states that the Hopi grew cotton in 1851 (67, p. 171).
Ives (43, p. 127) reported in 1861 that the Hopi were growing cotton

in small quantities. In 1890, cloth from traders was diminishing
the amount of cotton woven into textiles (67, p. 184). Between 1895
and 1910, several lots of cotton seed were collected from Moencopi and
Oraibi and were grown experimentally (49, pp. 6-8). Cultivation has
declined and may now be extinct there, but as recently as 1932, seeds
claimed to be from the current crop at Moencopi were obtained from a
Hopi at Oraibi. Several individuals and institutions are still growing
cotton from Hopi seed. Aboriginal cotton was demanded for cere-
monial purposes and for some textiles until recently, but now com-
mercial cotton is acceptable. The Hopi have continued their weaving
to a greater extent than the other pueblos and have supplied ceremonial

garments to other pueblos in recent years (14, p. 1).
Spier (71, p. 105) reported that in 1921 the Havasupai were grow-

ing cotton from seed obtained from the Hopi. The lint was used in
the strike-a-light, but they made no cotton textiles.

Bartlett (4, pp, 223-229), Emory (18, pp. 83-85) and Whipple (76,
pp. 598-599) reported that considerable cotton was grown and used by
the Pima at about 1850. Whipple (76, p. 598) also claims to have seen
an Apache cotton field near the Gila. Cotton seed from other regions
was distributed among the Pima in 1864 (69, p. 77), and cotton has
been grown commercially in the region for years. The culture of the
aboriginal product had so nearly died out in 1901-1902 that sufficient
cotton of Pima raising to weave a small fabric was "secured with diffi-
culty" (69, p. 148). Hrdlicka, in 1905, reported (41, p. 361) that the
Maricopa had not grown cotton for forty years. Spier, in 1932 (72, pp.
110-122), took notes on the Maricopa method of weaving, which was
still well known, but no aboriginal cotton could be found (72, p. 113).
Castetter and Underhill, in 1935 (13, p. 37), reported that Papago
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informants were of the opinion that cotton had been cultivated for-
merly, but was no longer grown.

Lewton (49, p. 8) mentions a specimen of cotton collected from
the Pima at Sacaton by Mr. E. W. Hudson. Dr. T. H. Kearney (cor-
respondence, April 13, 1936) states that little of the history of this
specimen is known, other than that it was obtained from the Pima
and that the strain has been kept alive to the present by annual plant-
ings at the U. S. Field Station at Sacaton.

Evidences of cotton have come from various archaeological sites
in the Southwest. Direct evidence of its prehistoric cultivation and
use consists of lint, seeds, bolls, fragments of plants, and cotton fab-
rics and cordage. Indirect evidence is found in the form of spindles,
weaving implements, looms, and their fragments. Such material is
fairly abundant and comes from a much larger area than is represented
in historical and ethnological accounts.

Archaeological specimens of cotton from the Rio Grande region
are not numerous. Specimens from Frijoles Canyon, Puye, Unshagi,
and Jemez Cave are in the Museum of New Mexico at Santa Fe.'
Recent field work of the University of New Mexico has produced
indications of cotton from Kuaua, Puaray, and from the Estancia
Basin.' Cotton fabrics and spinning and weaving implements, although
present, were comparatively rare at Pecos (47, pp. 225; 292; 301-302).

Evidences of cotton are plentiful in the San Juan region, but even
there cotton appears to have been secondary to other textile and cord-
age materials and was often used in conjunction with them. Discov-
eries of seeds and bolls have been considered as indicating its culti-
vation in that area (48, pp. 112-114; 59, pp 94 and 104; 63, p. 107).
Cotton has been found in such sites as Betatakin (45, p. 63), Pueblo
Bonito (63, pp. 96-97; 107; 146; 157), Chetro Ketl (correspondence,
Paul Reiter), Aztec (57, pp. 47-48; 58, p. 223), and several of the
cliff-dwellings of the Mesa Verde (59, pp. 94 and 104; 22, p. 45; 23, p.
76)

In the northwestern peripheral region, cotton has been found in
Gypsum Cave (36, p. 160; 195) and elsewhere in Nevada (34, p. 273),
and even in the San Joaquin Valley of California (29, p. 104). These
finds have usually been considered as intrusive, but the abundance of
such material in sites in the Moapa Valley of Southern Nevada gives
rise to the opinion that cotton may have been cultivated there (35, p.
11).

Evidences of cotton have come from Awatobi (21, pp. 626-630),
Kawaiokuh (38, p. 341; 345), and a site in the San Francisco Moun-

7. Correspondence, Paul Reiter, Curator, March 17, 1936.

S. Correspondence, Dr. Donald Brand, Department of Anthropology, January 6,
1936.
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tains (3, pp. 46-47). The Museum of Northern Arizona has a fine
series of cotton textiles from Wupatki. Valuable finds of textiles and
spun cotton have been made in the Canyon del Muerto (1, p. 25).

Cotton has been found in the Rio Verde (1, pp. 65-66; 21, P. 573)
and Sierra Ancha (37, pp. 83; 87-101) regions of Arizona. Along the
Gila, it is reported from Casa Grande (24, pp. 147-148), the Grewe
Site,' and McEwen Cave," and perhaps elsewhere. Early excavations
in the upper Gila region produced considerable cotton material (40,
P. 9). Evidence of cotton is scarce in the Mimbres area and it is con-
sidered intrusive (16, pp. 3; 67).

At the present stage of archaeological investigation in the South-
west it is not possible to date the time of entry of cotton into the dif-
ferent regions. Basket Maker sites have produced no conclusive evi-
dence of cotton.' The work of Kidder and Guernsey in the Kayenta
region,' seems to establish the simultaneous appearance of cotton,
the spindle and the loom there at about Pueblo I times. Woodward
recently discovered cotton seed and what appear to be impressions of
cotton textiles in a Colonial Hohokam site." So far, evidence for an
earlier introduction of cotton is lacking. Doubtless future work will
give more specific information.

A number of specimens of cotton from archaeological sites and
evidence of its aboriginal cultivation in the Southwest have come to the
attention of botanists. A new species, Gossypium ho pi, was described
by Lewton in 1912 (49) from plants grown from seed collected at
Oraibi and Moencopi early in this century. He examined two other
specimens which he considered belonged to this species. One was col-
lected by Mrs. Stevenson near Espariola, New Mexico, and one from
the Pima at Sacaton (49, p. 8). Specimens since identified as of this
species are one from the Havasupai (71, P. 105), and lint from Gypsum
Cave (36, p. 195). Material collected in the Southwest and identified
previous to the publication of Lewton's species, and not mentioned by
him, are: Bolls from southeastern Utah identified as Gossypium abor-
igineum (63, P. 107), a species not recognized in botanical literature;
and a specimen from the Zufii which was identified as Gossypium hir-

sutum (73, pp. 77-78; 92). On re-examination these might be included
in Lewton's new species.

Plants grown from Hopi seed were assigned by the English bot-
anist Watt to the species Gossypium punctatum (75, P. 169; 181).

9. Correspondence, Arthur Woodward, Los Angeles Museum, March 10, 1936.
10. Verbal account by Dr. Byron Cummings, University of Arizona.
11. See Kidder and Guernsey (48, p. 171) for statement concerning reported

Basket Maker cotton.

12. Guernsey (30), Guernsey and Kidder (31), Kidder and Guernsey (49).
13. Correspondence, Arthur Woodward, March 10, 1936.
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These doubtless belong in Gossypium hopi, as plants grown from the
same lot of seeds were used by Lewton in describing the new species
(49, p. 10).

The plant which was collected by Dr. White at Santa Ana was
sent to Lewton for examination. He considered it somewhat different
from type material of Gossypiton ho pi (correspondence, February 8,
1936). Additional plants are being grown at the U. S. Field Station
at Sacaton during the present season. A study of these should deter-
mine whether the differences are varietal or specific.

There is, thus, not a specimen of aboriginal cotton from the South-
west which unquestionably is of any species other than Gossypius2 ho pi.
It appears, therefore, that only one species existed there in prehistoric
times. The possibility that the Santa Ana, Pima, and Espariola cotton
might all have been obtained from the Hopi within recent years is not
overlooked. It is realized that there is active exchange of seed between
the Southwestern tribes. However, the case for a single species will
depend largely on archaeological evidence when and if satisfactory
identifications of archaeological cotton are made.

Gossypiton hopi is of the Mexican-Central American sub-group of
cotton which had its origin in the region for which named.' This sub-
group contains the American Upland cottons, typified by Gossypiton
hirsutum, the species commonly grown in the Southern cotton-belt.
Gossypium hopi and Gossypium hirsutum hybridize readily, but there
is sufficient segregation of characters in the second generation to indi-
cate that the relationship is not close.

It has been suggested that Southwestern cotton might have been
domesticated within the region and might have had the Arizona Wild
Cotton Thurberia thespesiodes, as an ancestor. There are several
serious obstacles to this theory. "Wild Cotton" is a misleading name
for this plant, which is not a true cotton, but a member of a related
genus. The number of chromosomes of Wild Cotton and Hopi cotton
differs and the relationship in general is not close. There are no wild
species of cotton in the Southwest and Gossypium hopi has been found
only in Indian cultivation.

Cotton is a perennial plant in its native habitat in the tropics.
In the temperate zone it is commonly cultivated as an annual. The
season in the Southern cotton-belt is ordinarily from 150-180 days.
Hopi cotton, in contrast to this, is adapted to an extremely short season,
maturing in 84-100 days (49, pp. 7-8). It has a shorter season than
any other cotton yet reported and has been used in Egypt in hybrid-
ization work to produce early varieties. (49, p. 7-8; 75, p. 182). Cotton
is usually cultivated south of the thirty-fifth parallel at low altitudes,

14. This discussion of the affiliations and origin of Hopi cotton is based chiefly

on Kearney (46) and correspondence with Kearney, winter and spring, 1936.
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but because of its short season of maturity, Gossypimn ho pi was suc-

cessfully grown by the Hopi at about thirty-six degrees latitude at

high altitude. This species could have been and may have been grown

formerly in southern Utah and Colorado. Hopi cotton has been grown

at Ann Arbor, Michigan, at latitude of forty-two degrees, and while

not vigorous, it produced seeds and lint.
Indications are that the cultivation of cotton in the Old World

previous to the tenth century and elsewhere in this hemisphere, except

perhaps in Peru, was confined to the tropics and based on perennial
cottons (75, pp. 9-16; 33, pp. 17-26). It appears that the Southwestern

Indians may have been the first people to grow cotton as an annual.

In any event, the adaptation of a tropical perennial plant to a season of

less than one hundred days is a remarkable achievement.
Hopi cotton is distinct from all other cottons in several of its char-

acteristics." Fragments of plants from archaeological sites can be

identified with a reasonable amount of assurance. The lint is particu-
larly distinctive, having the unique combination of fineness of fiber
and shortness of staple length." This feature offers a very promising
approach as so much of the available archaeological material is in the
form of textiles, cordage, and lint.

The utilization of fiber measurements in identifying archaeologi-
cal specimens of cotton is not new. Means (52, pp. 454-455) examined
textiles from sites in Peru and concluded that of three or more species
of cotton available there, only one was used in the ancient textile art.
Fiber from Mohenjo-Daro, India, has been examined and found to be
almost identical with that of a species cultivated in India today
(46, p. 197) .

This method has been used to a limited extent in the Southwest.
Lint from Gypsum Cave has been identified as of Gossypium hopi (36,
p. 195), but the technique used has not been reported. Cotton yarn
from a spindle from the Canyon Creek Ruin (dates 1326-1348) was
compared to Gossylyium ho pi" and found to have a mean fiber length of
.88 inch while Gossypium hopi had a mean of .81 inch. As much differ-
ence may be found in fiber from different bolls of the same plant. The
array of different fiber lengths gave almost identical curves for the

two. Naturally, this does not constitute an identification as to species,

but as Gossypium hopi has a fiber length distinct from other cottons

16. For a description and illustrations of Hopi cotton, see Lewton (49, pp. 3-10).

16. It may be of interest to note that because of its peculiar combination of
shortness and fineness of staple, Hopi cotton is being used by the U. S. Department
of AgricuPure, at present, in breeding experiments to produce a cotton with fine fiber

of medium length. If these experiments are successful the quality of American com-
mercial cottons will be greatly enhanced.

17. From report of Mr. H. J. Fulton, U. S. Field Station, Sacaton, Arizona to Dr.

Emil Haury, Gila Pueblo, November 14, 1935.
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growing today, and as the archaeological specimen compares so closely,
the similarity is highly suggestive. Similar measurements of archaeo-
logical specimens from other areas and culture horizons of the South-
west would be most interesting.

Data on the manner of cultivation, harvesting, ginning, carding,
and spinning of cotton in the Southwest are very scanty. The culti-
vation and use of aboriginal cotton by Indians were practically extinct
when anthropological work was begun in the region, and little is avail-
able in anthropological literature. The historical acocunts are, as a
rule, very general.

Spier (70, p. 64) gives in some detail the method of cultivation and
treatment formerly practiced by the Zurii. Planting took place in irri-
gated gardens in July. The seeds were placed in holes one and
a half inches deep and covered with white sand. Dirt borders were
placed about the plants to facilitate watering by hand. The plants
were watered three days and then received no water for three days,
this alternation continuing until September, when the cotton was har-
vested. The plants received no further cultivation or attention. The
bolls were harvested, broken open, and the seeds and sand removed by
hand. The imperfect fibers were removed, and the remainder
straightened somewhat with the fingers. Carding was done with com-
mercial wool cards. Spinning and weaving was done just as with
wool today.

The indications are that the cultivation and treatment as described
above was essentially the same for the region, but varied in detail.

Irrigation apparently was the rule but was not always practiced.

Luxan (50, p. 101) tells of Espejo's party marching between the Hopi

First and Second Mesas for two leagues, "one of them through cotton

fields." This cotton must have been grown without irrigation as no

means of watering such extensive plantings exist in the Hopi country.

According to Lewton (49, p. 6) cotton was still grown at Oraibi under

dry conditions at the beginning of this century. However, most of the

cotton grown by the Hopi in recent years has been grown at Moencopi

under irrigation. The Maricopa formerly grew cotton without true

irrigation on over-flow along the Gila (72, p. 58; 61-62).

When the cotton boll matures it opens, exposing the lint which,

along with the seeds, is easily removed. Harvesting is generally ac-

complished by picking the seeds and lint from the open bolls which are

left on the plant. It is interesting to note, however, that this was
not the custom among the Zufii. Spier states that the "harvested cot-

ton bolls were broken open," so apparently the bolls were removed from
the plant before mature. This same method must have been prac-
ticed by the Pima, as Emory (18, p. 83) tells of seeing cotton stacked
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for drying on top of sheds, and Russell (69, p. 150) states that the cot-
ton was first dried and then separated from the pod (boll).

The Zufii, according to Spier's account, ginned and straightened
the cotton with the fingers preliminary to carding. Amsden (1, p. 11)
says that the Hopi, until recently, placed the cotton between two blan-
kets and beat it with a flail until the fibers adhered to the blankets and
could be scraped into roves ready for spinning. Apparently both gin-
ning and carding were accomplished in the single process. Flails, simi-
lar to the one illustrated by Amsden, have come from archaeological
sites and may have been cotton beaters. Kidder and Guernsey (48,
p. 120), however, consider these as beaters used in harvesting seeds.

According to Spier (72, p. 113) the Maricopa used a stick for
beating cotton and removing the seeds. The Pima (69, p. 148), and
Papago (13, p. 59) methods were similar to this. Both the Mari'copa
and Papago used the plucking bow, an introduced device," in carding

• cotton.

The study of spinning and weaving is specialized and very detailed.
No close study of Southwestern methods and techniques will be made
here. Archaeological evidence suggests that the spindle and loom
accompanied or followed cotton into the Southwest. This might be
expected, for, as Amsden suggests (1, pp. 8-12) the bast and leaf fibers
available in the region are poorly suited to spinning and loom weaving,
whereas cotton and wool are readily adaptable.

The spindle and loom were used universally throughout the region
in conjunction with cotton.' There were some variations in techniques
of spinning and weaving, but the spindle and the loom were uniform in
principle throughout the Southwest. The waist loom had a general dis-
tribution (1, pp. 23-24). All references to looms in the Gila region seem
to indicate the horizontal loom.' The vertical loom seems to have
been the type most generally uged elsewhere in the Southwest, and
Amsden (1, pp. 24-26) offers a good case for its origin within the area.

The cotton Products of the loom varied in weave, pattern, form,
size, and function. A description of these textiles offers a problem of
some magnitude. Most of these were clothing, which, in recent years,
has been worn for ceremonial occasions. Other ceremonial uses were
on prayer sticks, masks, and reed pipes, and as burial offerings and
raiment. Among the Havasupai, cotton was used only for the strike-a-
light (71, p. 105). Such an artifact has been found in a site in the

18. For a description and history of the plucking bow in this hemisphere, see
Spier (72, p. 113).

19. Forde (25, p. 126) observed an interesting exception to this. The Yuma
obtained cotton from the Pima but instead of spinning it with the spindle, rolled it on
the thigh under the palm of the hand as was their practice with bast fibers.

20. Bartlett (4, pp. 225-226), Emory (18, p. 85), Russell (69, pp. 150451),
Spier (72, p. 115), Forde (25, p. 126), Castetter (13, p. 60).
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Rio Verde (21, P. 573). The Pima (69, P. 77) and Papago (13, P. 37)
made use of cotton seed as an article of food.

There can be no doubt that trade was an important factor in dis-
tributing cotton and its products over the Southwest. Such factors as
climatic restriction of its range, easy portability, great usefulness, and
the value of cotton textiles, made it a desirable product for intertribal
commerce. This is attested by the wide distribution of cotton products
in archaeological sites and the abundance of references to trade in
cotton in historical and anthropological literature." The factor of
trade makes it extremely difficult to determine over what part of the
Southwest cotton was actually grown. In archaeological literature, two
criteria have been used in judging whether or not cotton was grown by
the former inhabitants of the sites in question. First, the occurrence
in the site of parts of the cotton plant, which are assumed as not likely
to be traded, such as seeds, bolls, and whole or fragmentary plants; and
second, the abundance of cotton in the site, indicating a large supply.
Such criteria are doubtless useful, in general, but obviously are not
absolutely dependable. Further experiments with the plant itself
to determine its requirements as to length of season, moisture, and
soil may be useful in outlining the area over which it might have been
grown.

This summary is little more than an outline of a problem. Many
fruitful sources of information may have been overlooked. Much
archaeological cotton material and perhaps many botanical specimens
are doubtless in museums and other institutions. It is my belief that
sufficient data and material exist to reconstruct almost the entire
story of cotton in the Southwest. Future discoveries and research may
fill in the gaps which now exist. It is hoped that this paper may be
of some value in stimulating interest and suggesting lines of research.
A complete study of the origin, cultivation, and uses of aboriginal
Southwestern cotton would be a valuable distribution to botanical and
anthropological knowledge of the region.

21. See Bandelier (2, p. 37) and Brand (10, p. 202) for brief treatments of

trade in cotton.
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VIII

AN APPROACH TO SOUTHWESTERN AGRICULTURAL
HISTORY THROUGH ADOBE BRICK ANALYSIS

G. W. HENDRY and M. K. BELLUE 2

COLLECTION AND PREPARATION OF MATERIAL

A botanical examination of sun-dried adobe bricks removed from
the walls of sixty-five historic buildings in California, Arizona, and
northern Mexico, has shown that bricks from sixty of these contained

vegetal remnants in quantities and of kinds indicating intentional in-
corporation during manufacture. Wherever possible, choice of bricks
has been made with reference to apparent quantity and nature of plant
content, as well as with a view to avoiding walls bearing evidence of
restoration. Such chosen bricks have been carefully brushed, scraped,
and washed, for the purpose of removing all surface-adhering mate-
rials. Following this they were immersed in water for twelve hours,
which, in all cases, caused the soil to slake down finely, and in so doing
to completely liberate the plant constituents. At this stage the mate-
rial consisted of plant refuses and finely disintegrated soil in mixture
with water. This was then further diluted and agitated in such a way
that the soil and plant fragments were separated through differences
in specific gravity and the plant refuse held in suspension. Whereupon,
all suspended matter was collected and roughly classified as to size by
passing the water containing it successively through screens of 10, 2,
and .5 mm. mesh. Following this the soil fraction was again diluted
and agitated and the water again passed through the .5 mm. screen to
recover those materials which had escaped the first separation, and in
some cases this rescreening was repeated several times. Materials thus
segregated were then placed in screen-bottomed dish pans and washed
with a fine water spray until they were clean, following which they
were spread thinly on screens raised a few inches above paper-covered
tables and quickly dried with warm air to check mould development.

DERIVATION OF BRICK REFUSE

The nature of the refuses obtained by this process has been found

to vary as to original source, and upon this basis to fall naturally into

five general classes, as follows:

1. Crop residues with accompanying weeds, resulting from
threshing, hand-shelling, and other crop-garnering processes.

1. Assistant professor of Agronomy, University of California, Berkeley, California.
2. Weed and seed botanist, California State Department of Agriculture, Sacra-

mento, California.
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2. Manure from corrals, together with accompanying crop and
weed residues.

3. Pure weed mixtures, gathered and chopped into the mud heap,
probably in lieu of more easily procurable materials.

4. Grain field and other crop stubbles, together with accompany-
ing roots, weeds, and soil.

5. Miscellaneous refuse accumulations, including kitchen gar-
bage, yard and shop sweepings, etc., usually found in association with
one of the above classes. Bricks rich in fruit pits, ornamental plants,
and miscellaneous materials are thought to have been enriched from
this source.

Materials of similar derivation, however, even though of similar
age and locality, may yet show floral variation due to differences in
season or place of original gathering.

STATE OF PRESERVATION AND IDENTIFICATION OF MATERIAL

The condition of materials from different sources has ranged from
perfect preservation to complete decomposition. A well-made adobe
brick is thoroughly sun-cured and air-dry when ready for use, and
must remain continuously dry in order to retain its structural proper-
ties. This is usually provided for in regions of moderate or heavy
rainfall by stone foundations as an insulation against ground moisture,
and by projecting roofs as a protection against rain. Plant specimens
from bricks, which have remained continuously dry, are always well-
preserved through desiccation, while those from bricks which have
become moist may be either partly or wholly decomposed, but when
decomposed good casts may remain.

Botanical identification of higher plants has been based on fruits,
seeds, floral integuments, stems, leaves, and fibers, either alone or in
combination, while those of the cereal rusts and smuts have been based
upon spores alone—teliospores and urediospores of the former and
spores of the latter—both on wheat.

DATING OF MATERIAL

Transcripts of mission records supplemented by other documentary
evidence have been found adequate for the purpose of approximately
dating most of the major buildings comprising the California mission
groups, while, in the case of the ranch buildings, there is an even more
effective dating source in the land grant records from the Spanish and
Mexican Archives of California. These archives were destroyed by
the 1906 San Francisco fire, but pertinent certified copies exist in the
land claim cases before the Board of Land Commissoioners and in the
Federal Courts—District and Circuit. In addition to this, Bancroft
made copies of some of the Spanish Archive documents pertinent to the
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land grants. A third documentary source, which has also proven use-
ful, consists of the court records of the civil and probate cases of the
grantees. The period of these cases of use in this work dates from
the Peralta will case in San Jose, in 1852, to about 1870. The Board of
Land Commissioners functioned from 1852 to 1856, and the cases in
the District and Circuit courts date from late 1853 to the present
(1936) . In hearings before these Federal bodies land grant claimants
were required to present evidence of original title, occupation, and
development, which resulted in the collection and presentation of all
existing documentary evidence, supplemented by the testimony of wit-
nesses acquainted with the history of the properties. In many cases
several persons testified as to the location, dates of erection, and
description of the different adobe houses which had been erected by the
original grantee or his heirs and assignees. In some cases not only
the year of erection is given but also the season or exact month. In
some cases the date of erection falls within a period of two or a few
years, while in a few the dating is necessarily in decades. In one in-
stance such court testimony led to the discovery of adobe walls com-
pletely covered by frame buildings and unknown to present tenants.

BOTANICAL IDENTIFICATION s

This study is of two periods, the first consisting of a general botani-
cal survey of some fifteen structures distributed over California, Ari-
zona, and northern Mexico, and the second of a more intensive study of
fifty of the one hundred surviving historic adobe buildings, all within
the nine counties which touch upon San Francisco Bay. In the first in-
stance only small brick fragments were usually taken, and no special
study was made to accurately date those buildings or portions of build-
ings from which collections were made; while in the second, larger quan-
tities of material have been more critically selected from walls of known
age. The first served to demonstrate the possibility of collecting and
identifying a considerable number of plant species and varieties, while
the second promises to throw new light upon some of the obscure ques-
tions centering about floral compositions, preceding the era of botanical
record, and also upon the progressive changes which have occurred in
the local flora through alien plant invasion, and the consequent suppres-
sion or elimination of native species. In the following classifications
the species listed are, with the exceptions noted, from the fifteen build-
ings mentioned as comprising the first part of the study. -

CULTIVATED PLANTS

By reason of the general use of straw in brick making, it has been
possible to trace in some detail the progress of cereal variety introduc-
tion and dissemination. Two kinds of wheat, Propo, a bearded sort,
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and Little Club, were the wheats which came up through Sonora and
Baja California through the agency of the missionaries, and these were
also the commonly cultivated varieties throughout the Southwest dur-
ing the Spanish and Mexican periods. Both are still grown to a lim-
ited extent in California, and may, therefore, be said to have been in
continuous cultivation from the inception of wheat growing. Late in
the Spanish period, a third wheat made its appearance in California,
where it continued to be grown until the early American period and
then permanently disappeared from cultivation. This was a coarse,
red chaff, bearded club variety, which differs from any of the club
wheats now grown on the Pacific Coast. The historic literature contains
no descriptions or varietal naines for any of these wheats, and conse-
quently we cannot give varietal names to those which have ceased to
be grown. Davis,' however, mentions, but without giving his authority,
that a wheat answering the description of this last mentioned was
grown in California at the time of the American occupation under the
name "California Club," and we suspect that our specimens represent
this now probably extinct variety. Another wheat, resembling our
well-known Pacific Bluestem, has been found in scant mixture with all
of the three above named varieties, but never in pure form, indicating
its presence as an impurity only. To date we have no evidence of any
other wheat having entered the region prior to 1850, but we have not
yet studied late Mexican and early American period material in
quantity, and these may yet add another link to the story and serve to
connect it with our more detailed later American period records.

Barley is also of frequent occurrence and wide distribution in
historic buildings within the region, but, unlike wheat, it is limited to
a single variety of Ho9-deum vulyare pallidum typica Ser. This is
known in California today as Coast barley and we have traced it back

without deviation in type through the ranch buildings and missions of
the region to the beginning of the Spanish period.

Red cultivated oats, A vena byzantina G. Koch, have been found in

both Spanish and Mexican period buildings, but only as a minor im-

purity in wheat and barley. Likewise, a specimen of the European oat,
Avena sativa L., was found in mixture with Little Club wheat in the

buildings of the Rancho Petaluma. To date there is no brick evidence

of the oat having been grown per se as a cultivated crop prior to the

American period.
We have only scant evidence of wild oats in California until after

1800, but subsequent to this date we find Avena fatua abundantly in
some of the San Francisco Bay region buildings.

3. Horace Davis, "California Breadstuffs." Chicago, 1894. Reprinted from the
Journal of Political Economy, No. 2.
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Olive pits from several localities, as well as those from surviving
old tree specimens, exhibit considerable variability in type, indicating
that these original introductions were of seedling origin.

Grape seeds from two Baja California Dominican sites are identi-
cal in type with those of the Mission variety as it is known in California
today.

Prickly pear seeds in four mission buildings in California and Baja
California indicate a northward distribution of this food plant through
the mission establishments.

The peach, fig, bean (Phaseolus vulgaris), pea (Piszon), water-
melon, carrot, rose, fan palm, Osage orange, bamboos, palo escopeta,
pepper tree, and Chamaerops excelsa (Purisima), have also been iden-
tified.

Botanical descriptions of the material upon which the above identi-
fications have been based, and further data regarding their sources of
collection are included in earlier papers.'

WILD PLANTS

Some fifty wild species have been identified among the material
collected from the fifteen buildings mentioned as comprising the first
part of the study. The period represented is from early eighteenth
century, to mid-nineteenth century, and the region covered from north-
ern Sonora to northern California. Most of this material was origin-
ally gathered for brick making at a time anterior to the existence of
botanical record, and therefore, provides new evidence regarding early
floral composition in the region.

The term "alien" has commonly been used by botanists to designate
those wild species thought to have been introduced through human
agencies, and in this sense it has been estimated by Jepson that 292
such species are now an integral part of the California flora. By some
it has been held that none of these had penetrated California prior to
European colonization, while others have held that many of these
arrived much earlier than this and should be regarded as natives. Many
of these species which occur naturally in California jump the thousand
miles of tropics to reappear in central Chile or Patagonia, and in a
few cases there is a three-cornered type, involving the Mediterranean,
Chile, and California. Such discontinuous distribution as this has
customarily been explained away as a product of European coloniza-
tion, but, as evidence accumulates, it becomes more apparent that many
of these species may yet prove to be indigenous or of very remote intro-

4. Hendry, G. W., and Kelly, M. P. "The Plant Content of Adobe Bricks." Calif.
Hist. Soc. Quart. Vol. 4, no. 4. Dec., 1925.

Hendry, G. W. "The Adobe Brick as a Historical Source." Agr. Hist. Vol. 5,
no. 3. July, 1931.

107975
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duction. Our brick floras, it is thought, may serve to throw new light
upon such questions, but are as yet not sufficiently advanced to more
than suggest such future application. In California, however, there are
three weeds, usually classed as aliens, which our data indicate had a
wide distribution prior to European colonization. These are Erodium
cicutarium L'Her., Rumex crispus L., and Sonchus asver L. In an-
other group we have placed, among others, Hordeum murinum L.,
Chenopodium album L., Brassica nigra (L.) Koch., Medicago hispida
Gaertn., and Centaurea melitensis L., all thought to have been intro-
duced during the Spanish period. While in a third group the follow-
ing species are thought to have been introduced since the Spanish
period : Sisymbrium officianle L., Brassica campestris L.; Brassica ar-

vensis L., Convolvulus arvensis L., and Centaurea solstitalis L. This
grouping, as has been explained,' is based upon the distribution of the
material in the several structures yielding it, and upon the manner of
its association there with other crop and weed remains. This rough
chronology, however, is based upon very limited data from a very large
territory, and is, therefore, regarded as only preliminary. We are, at
present, studying material from fifty of the one hundred surviving
adobe buildings in the San Francisco Bay area, and this localized study
of a larger number of buildings promises to throw new light upon the
question of alien plant introduction and native plant suppression or
elimination. This new material is largely from buildings of the Mexi-
can period, and although the study is still incomplete the increasing
dominance of the aliens over natives during this later period is unmis-
takable. In the Jestis Vallejo adobe, for example, erected in about 1838,
on the Rancho Arroyo del Alameda near the southeastern extremity of

San Francisco Bay, some twenty-two wild plant species have been iden-

tified, and of these sixteen are usually classified as naturalized aliens.
Such alien predominance as this is not common in the older buildings of

the Spanish period. Other trends, which have been noted, are the more
regular occurrence of Avena fatua, which had been only scantily repre-

sented in the older buildings, and also the increasing number and abun-

dance of the "habitation" species, such as Malva parvifiora, Poa annua,
Alsine media, or chickweed, Sonchus oleraceous, Lactuca sea. riola, Poly-
pogon monspeliensis, and Plantago major. Of this last mentioned
species Jepson says: "It is called by the Indians 'White Man's Foot,'
since it closely followed the advance of civilization, springing up about

the earliest frontier settlements." Aliens from other sources are
Amaranthus blitoides, native from Washington and Wyoming to Texas

and Mexico, and Amaranthus graecizans and Amaranthus retrofiexus

from tropical America. Two noxious California aliens, Orchard Morn-

6. Hendry, G. W. "The Adobe Brick as a Historical Source." Agricultural His-

tory. Vol. 5, no. 3. July, 1931.
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ing-Glory, Convolvitlus ctrvensis, and the Napa Thistle or Tocalote,
Centaurea melitensis, have turned up again, this time in the JesUs
Vallejo adobe. The former has been previously and tentatively classed
among the Mexican period introductions and the latter among the
Spanish period introductions.

At this writing we have determined the flora of only six of the
fifty buildings which comprise our second group, but these indicate a
substantial addition to the list of fifty wild species previously reported
and promise to provide more pertinent data than we have previously
had relating to the chronology of introduction.

FUNGAE

The mycological examination of wheat straw from the Mission
Nuestra Sefiora De La Soledad in the Salinas Valley of California has
resulted in the identification of Puccinia graminis Pers. and Ustilago
tritici (Pers.) Rostr.—the former the common stem rust of wheat, and
the latter the common loose smut of wheat. The identification of the
former was based upon teliospores and urediospores on both culms and
rachis of Little Club wheat, and of the latter upon spores lodged in the
tufts of rachis hairs of Little Club wheat. The wall from which this
material was taken was erected in the year 1832, following the destruc-
tion of a portion of the mission by flood. This establishes the presence
of these organisms in the northern Salinas Valley in that year, and,
therefore, new early dates for their known occurrence in California.
This is the only mycological examination of our adobe plant material
yet made, and it, therefore, seems certain that further studies of a simi-
lar nature will serve to extend our historic knowledge of these other
plant disease-causing organisms. Further data regarding this material
are presented in an earlier paper.'

INSECTS

Insect remains have also been found among the plant remnants,
but no attempt has been made to study these, except in the case of
specimens from three Baja California missions, among which the
following identifications have been made: a wingless cockroach of the
genus Arenivagct, cuckoo wasp of the family Chrysididae, scorpion,
spider beetle, Ptinzts agnatus, granary weevil, Sitophilus granarius
(Linn.) (Calandra gran,aria Linn.), and rice weevil, Sitophilus oryzae
Linn. (Calandra oryzae Linn.). Further descriptions of these identi-
fications and comment regarding their significance have been made by
Essig.'

6. Hendry, G. W., and Hansen, H. N. "The Antiquity of Puccinia graminis and
Ustila.go tritici in California." Phytopathology. Vol. 24, no. 11, pp. 1313-1314. Nov.
1939.

7. Essig, E. O. "Some Insects from the Adobe Walls of the Old Missions of Lower
California." Pan-Pacific Entomologist. Vol. 3, no. 4, pp. 199-195. April, 1927.
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MISCELLANEOUS MATERIALS

Miscellaneous reliques from various sources have been identified
as follows: cleaned fibers of yucca, agave, and Chamaerops exceisa,
strips of woven bark, shells of pine nuts, leather trimmings, charcoal,
burned limestone, pottery, tile fragments, chipped flint, horse hair,
copper fragments, wood chips, animal bones, and human bones. The
last named were found in abundance in the walls surrounding the great
north court of Mission San Vincente Ferrer in Baja California, where
a smallpox epidemic decimated the Indian population in 1781. Pre-
sumably the soil for these walls was taken at a later date from the
shallow graves of a nearby burial area.

Well preserved footprints of mari, dogs, coyotes, domestic fowl,
birds, and cats, have been observed on the surface of adobe bricks.
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