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A crucial period in the story of the 
pre-Columbian cultures of the New 
World is the transition from a hunting- 
and-collecting way of life to effective 
village farming. We are now fairly 
certain that Mesoamerica (1) is the 
area in which this took place, and that 
the time span involved is from approxi- 
mately 6500 to 1000 B.C., a period 
during which a kind of "incipient cul- 
tivation" based on a few domesticated 
plants, mainly maize, gradually supple- 
mented and eventually replaced wild 
foods (2). Beginning probably about 

.1500 B.C., and definitely by 1000 B.C., 
villages with all of the signs of the set- 
tled arts, such as pottery and loom- 
weaving, appear throughout Meso- 
america, and the foundations of pre- 
Columbian civilization may be said to 
have been established. 
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Much has been written about food- 
producing "revolutions" in both hemi- 
spheres. There is now good evidence 
both in the Near East and in Meso- 
america that food production was part 
of a relatively slow evolution, but 
there still remain several problems re- 
lated to the process of settling down. 
For the New World, there are three 
questions which we would like to an- 
swer. 

1) What factors favored the early 
development of food production in 
Mesoamerica as compared with other 
regions of this hemisphere? 

2) What was the mode of life of 
the earlier hunting-and-collecting peo- 
ples in Mesoamerica, and in exactly 
what ways was it changed by the addi- 
tion of cultivated plants? 

3) When, where, and how did food 
production make it possible for the first 

truly sedentary villages to be estab- 
lished in Mesoamerica? 

The first of these questions cannot 
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truly sedentary villages to be estab- 
lished in Mesoamerica? 

The first of these questions cannot 

be answered until botanists determine 
the habits and preferred habitats of the 
wild ancestors of maize, beans, and the 
various cucurbits which were domesti- 
cated. To answer the other questions, 
we must reconstruct the human-eco- 
logical situations which prevailed. 

Some remarkably sophisticated, mul- 
tidisciplinary projects have been and 
still are being carried out elsewhere in 
the world, aimed at reconstructing 
prehistoric human ecology. However, 
for the most part they have been con- 
cerned with the adaptations of past 
human communities to large-scale 
changes in the environment over very 
long periods-that is, to alterations 
in the macroenvironment, generally 
caused by climatic fluctuations. Such 
alterations include the shift from tun- 
dra to boreal conditions in northern 
Europe. Nevertheless, there has been 
a growing suspicion among prehistori- 
ans that macroenvironmental changes 
are insufficient as an explanation of the 
possible causes of food production and 
its effects (3), regardless of what has 
been written to the contrary. 

Ethnography and Microenvironments 

We have been impressed, in reading 
anthropologists' accounts of simple so- 
cieties, with the fact that human com- 
munities, while in some senses limited 
by the macroenvironment-for in- 
stance, by deserts or by tropical forests 
(4)-usually exploit several or even a 
whole series of well-defined microen- 
vironments in their quest for food (5). 
These microenvironments might be de- 
fined as smaller subdivisions of large 
ecological zones; examples are the im- 
mediate surroundings of the ancient 
archeological site itself, the bank of a 
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nearby stream, or a distant patch of 
forest. 

An interesting case is provided by 
the Shoshonean bands which, until the 
mid-19th century, occupied territories 
within the Great Basin of the Ameri- 
can West (6). These extremely prim- 
itive peoples had a mode of life quite 
similar to that of the peoples of Meso- 
america of the 5th millennium B.C., 
who were the first to domesticate 
maize. The broadly limiting effects of 
the Great Basin (which, generally 
speaking, is a desert) and the lack of 
knowledge of irrigation precluded any 
effective form of agriculture, even 
though some bands actually sowed wild 
grasses and one group tried an ineffec- 
tive watering of wild crops. Conse- 
quently, the Great Basin aborigines 
remained on a hunting and plant- 
collecting level, with extremely low 
population densities and a very simple 
social organization. However, Stew- 
ard's study (6) shows that each band 
was not inhabiting a mere desert but 
moved on a strictly followed seasonal 
round among a vertically and horizon- 
tally differentiated set of microenviron- 
ments, from the lowest salt flats up to 
pifion forest, which were "niches" in 
a human-ecological sense. 

The Great Basin environment sup- 
plied the potential for cultural develop- 
ment or lack of it, but the men who 
lived there selected this or that micro- 
environment. Steward clearly shows 
that how and to what they adapted 
influenced many other aspects of their 
culture, from their technology to their 
settlement pattern, which was neces- 
sarily one of restricted wandering from 
one seasonally occupied camp to an- 
other. 

Seasonal wandering would appear to 
be about the only possible response of 
a people without animal or plant hus- 
bandry to the problem of getting 
enough food throughout the year. Even 
the relatively rich salmon-fishing cul- 
tures of the Northwest Coast (British 
Columbia and southern Alaska) were 
without permanently occupied villages. 
Contrariwise, it has seemed to us that 
only a drastic reduction of the number 
of niches to be exploited, and a con- 
centration of these in space, would 
have permitted the establishment of 
full-time village life. The ethnographic 
data suggest that an analysis of micro- 
environments or niches would throw 
much light on the processes by which 
the Mesoamerican peoples settled 
down. 
14 FEBRUARY 1964 

Methodology 

If the environment in which an an- 
cient people lived was radically differ- 
ent from any known today, and espe- 
cially if it included animal and plant 
species which are now extinct and 
whose behavior is consequently un- 
known, then any reconstruction of the 
subsistence activities of the people is 
going to be difficult. All one could 
hope for would be a more-or-less 
sound reconstruction of general eco- 
logical conditions, while a breakdown 
of the environment into smaller eco- 
logical niches would be impossible. 
However, much if not most archeo- 
logical research concerns periods so 
recent in comparison with the million 
or so years of human prehistory that 
in most instances local conditions have 
not changed greatly in the interval be- 
tween the periods investigated and the 
present. 

If we assume that there is a con- 
tinuity between the ancient and the 
modern macroenvironment in the area 
of interest, there are three steps which 
we must take in tracing the role of 
microenvironments. 

1) Analysis of the present-day mi- 
croecology (from the human point of 
view) of the archeological zone. Ar- 
cheological research is often carried 
out in remote and little known parts 
of the earth, which haVe not been 
studied from the point of view of nat- 
ural history. Hence, the active partici- 
pation of botanists, zoologists, and 
other natural scientists is highly recom- 
mended. 

The modern ethnology of the region 
should never be neglected, for all 
kinds of highly relevant data on the 
use of surrounding niches by local 
people often lie immediately at hand. 
We have found in Mesoamerica that 
the workmen on the "dig" are a mine 
of such information. There may be 
little need to thumb through weighty 
reports on the Australian aborigines or 
South African Bushmen when the anal- 
ogous custom can be found right under 
one's nose (7). The end result of the 
analysis should be a map of the micro- 
environments defined (here aerial pho- 
tographs are of great use), with de- 
tailed data on the seasonal possibilities 
each offers human communities on 
certain technological levels of develop- 
ment. 

2) Quantitative analysis of food re- 
mains in the archeological sites, and 
of the technical equipment (arrow or 

spear points, grinding stones for seeds, 
baskets and other containers, and so 
on) related to food-getting. It is a rare 
site report that treats of bones and 
plant remains in any but the most per- 
functory way. It might seem a simple 
thing to ship animal bones from a site 
to a specialist for identification, but 
most archeologists know that many zo- 
ologists consider identification of recent 
faunal remains a waste of time (8). 
Because of this, and because many 
museum collections do not include 
postcranial skeletons that could be 
used for identification, the archeologist 
must arrange to secure his own com- 
parative collection. If this collection is 
assembled by a zoologist on the proj- 
ect, a by-product of the investigation 
would be a faunal study of microen- 
vironments. Similarly, identification of 
floral and other specimens from the 
site would lead to other specialized 
studies. 

3) Correlation of the archeological 
with the microenvironmental study in 
an overall analysis of the ancient hu- 
man ecology. 

The Tehuacan Valley 

An archeological project undertaken 
by R. S. MacNeish, with such a strat- 
egy in mind, has been located since 
1961 in the dry Tehuacan Valley of 
southern Puebla, Mexico (2, 9). The 
valley is fringed with bone-dry caves 
in which the food remains of early 
peoples have been preserved to a re- 
markable degree in stratified deposits. 
For a number of reasons, including the 
results of his past archeological work 
in Mesoamerica, MacNeish believed 
that he would find here the origins of 
maize agriculture in the New World, 
and he has been proved right. It now 
seems certain that the wild ancestor of 
maize was domesticated in the Tehua- 
can area some time around the begin- 
ning of the 5th millennium B.C. 

While the Tehuacan environment is 
in general a desert, the natural scien- 
tists of the project have defined within 
it four microenvironments (Fig. 1). 

1) Alluvial valley floor, a level 
plain sparsely covered with mesquite, 
grasses, and cacti, offering fairly good 
possibilities, especially along the Rio 
Salado, for primitive maize agriculture 
dependent on rainfall. 

2) Travertine slopes, on the west 
side of the valley. This would have 
been a niche useful for growing maize 
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3) Coxcatldn thorn forest, with 
abundant seasonal crops of wild fruits, 
such as various species of Opuntia, 
pitahaya, and so on. There is also a 
seasonal abundance of whitetail deer, 
cottontail rabbits, and skunks, and 
there are some peccaries. 

4) Eroded canyons, unsuitable for 

exploitation except for limited hunting 
of deer and as routes up to maguey 
fields for those peoples who chewed 
the leaves of that plant. 

The correlation of this study with 
the analysis, by specialists, of the plant 
and animal remains (these include 
bones, maize cobs, chewed quids, and 
even feces) found in cave deposits has 

shown that the way of life of the New 
World's first farmers was not very dif- 
ferent from that of the Great Basin 

aborigines in the 19th century. Even 
the earliest inhabitants of the valley, 
prior to 6500 B.C., were more collec- 
tors of seasonally gathered wild plant 
foods than they were "big game hunt- 
ers," and they traveled in microbands 
in an annual, wet-season-dry-season 
cycle (10). While slightly more seden- 
tary macrobands appeared with the 

adoption of simple maize cultivation 
after 5000 B.C., these people neverthe- 
less still followed the old pattern of 

moving from microenvironment to mi- 
croenvironment, separating into micro- 
bands during the dry season. 

The invention and gradual improve- 
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Fig. 2. Northeast-southwest transection of the Oc6s area of coastal Guatemala, showing 
microenvironments in relation to the site of Salinas La Blanca. Northeast is to the 

right. The length of the area represented is about 15 kilometers. 
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ment of agriculture seem to have made 
few profound alterations in the settle- 
ment pattern of the valley for many 
millennia. Significantly, by the Forma- 
tive period (from about 1500 B.C. to 
A.D. 200), when agriculture based on 
a hybridized maize was far more im- 
portant than it had been in earlier 
periods as a source of food energy, 
the pattern was still one of part-time 
nomadism (11). In this part of the dry 
Mexican highlands, until the Classic 
period (about A.D. 200 to 900), when 
irrigation appears to have been intro- 
duced into Tehuacan, food production 
had still to be supplemented with ex- 
tensive plant collecting and hunting. 

Most of the peoples of the Forma- 
tive period apparently lived in large 
villages on the alluvial valley floor dur- 

ing the wet season, from May through 
October of each year, for planting had 
to be done in May and June, and har- 

vesting, in September and October. 
In the dry season, from November 

through February, when the trees and 
bushes had lost their leaves and the 
deer were easy to see and track, some 
of the population must have moved 
to hunting camps, principally in the 
Coxcatlan thorn forest. By February, 
hunting had become less rewarding 
as the now-wary deer moved as far 
as possible from human habitation; 
however, in April and May the thorn 
forest was still ripe for exploitation, 
as many kinds of wild fruit matured. 
In May it was again time to return 
to the villages on the valley floor for 

spring planting. 
Now, in some other regions of Meso- 

america there were already, during the 
Formative period, fully sedentary vil- 

lage cultures in existence. It is clear 
that while the Tehuacan valley was 
the locus of the first domestication of 

maize, the origins of full-blown village 
life lie elsewhere. Because of the con- 

straining effects of the macroenviron- 

ment, the Tehuacan people were ex- 

ploiting, until relatively late in Meso- 
american prehistory, as widely spaced 
and as large a number of microenvi- 
ronments as the Great Basin aborigines 
were exploiting in the 19th century. 

Coastal Guatemala 

Near the modern fishing port of 

Ocos, only a few kilometers from the 
Mexican border on the alluvial plain 
of the Pacific coast of Guatemala, we 
have found evidence for some of the 
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oldest permanently occupied villages in 
Mesoamerica (12). We have also made 
an extensive study of the ecology and 
ethnology of the Oc6s area. DEER 

From this study (13) we have de- 
fined no less than eight distinct micro- IGUANIDS 
environments (Fig. 2) within an area 
of only about 90 square kilometers. BIRDS 
These are as follows: 

1) Beach sand and low scrub. A TURTLES 
narrow, infertile strip from which the 

present-day villagers collect occasional FISH 
mollusks, a beach crab called chichi- 
meco and one known as nazareho, CRABS 

and the sea turtle and its eggs. 
2) The marine estuary-and-lagoon Fig. 3. An 

system, in places extending consider- Salinas La 
ably inland and ultimately connecting 
with streams or rivers coming down 
from the Sierra Madre. The estuaries, which are 
with their mangrove-lined banks, make during th 
up the microenvironment richest in stands of 
wild foods in the entire area. The ("mother 
brackish waters abound in catfish abundance 
(Arius sp. and Galeichthys sp.), red tail deer - 

snapper (Lutjanus colorado), several saura simi 
species of snook (Centropomus sp.), of salt. 
and many other kinds of fish. Within 6) Mix 
living memory, crocodiles (Crocodylus few kilom 
astutus) were common, but they have and bette: 
by now been hunted almost to extinc- salt playa, 
tion. The muddy banks of the estuaries tropical e 
are the habitat of many kinds of mol- well as v; 
lusks, including marsh clams (Poly- on the fr 
mesoda radiata), mussels (Mytella of mamrr 
falcata), and oysters (Ostrea colum- spotted cc 
biensis), and they also support an coon, and 
extensive population of fiddler and here are 
mud crabs. agricultur 

3) Mangrove forest, consisting main- 7) Tro 
ly of stilt-rooted red mangrove, which poorly dr< 
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From our analysis of this refuse we 
have a good idea of the way in which 
the Cuadros people lived. Much of the 
refuse consists of potsherds from large, 
neckless jars, but very few of the clay 
figurines that abound in other Forma- 
tive cultures of Mesoamerica were 
found. We discovered many plant re- 
mains; luckily these had been preserved 
or "fossilized" through replacement of 
the tissues by carbonates. From these 
we know that the people grew and ate 
a nonhybridized maize considerably 
more advanced than the maize which 
was then being grown in Tehuacan 
(15). The many impressions of leaves 
in clay floors in the site will, we hope, 
eventually make it possible to recon- 
struct the flora that immediately sur- 
rounded the village. 

The identification of animal remains 
(Fig. 3), together with our ecological 
study and with the knowledge that the 
people had a well-developed maize ag- 
riculture, gives a great deal of informa- 
tion on the subsistence activities of 
these early coastal villagers. First of 
all, we believe they had no interest 
whatever in hunting, a conclusion rein- 
forced by our failure to find a single 
projectile point in the site. The few 
deer bones that have been recovered 
are all from immature individuals that 
could have been encountered by chance 
and clubbed to death. Most of the 
other remains are of animals that could 
have been collected in the environs of 
the village, specifically in the lagoon- 
estuary system and the flanking man- 
grove forest, where the people fished, 
dug for marsh clams, and, above all, 
caught crabs (primarily the azul crab, 
which is trapped at night). Entirely 
missing are many edible species found 
in other microenvironments, such as 
raccoon, cottontail rabbit, peccary, 
spotted cavy, and nine-banded arma- 
dillo. 

There is no evidence at all that occu- 
pation of Salinas La Blanca was sea- 
sonal. An effective food production 
carried out on the rich, deep soils of 
the mixed tropical forest zone, to- 
gether with the food resources of the 
lagoon-estuary system, made a perma- 
nently settled life possible. Looked at 
another way, developed maize agricul- 
ture had so reduced the number and 
spacing of the niches which had to be 
exploited that villages could be occu- 
pied the year round (16). 

Conditions similar to those of the 
Oc6s area are found all along the Pa- 
cific Coast of Guatemala and along the 
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Gulf Coast of southern Veracruz and 
Tabasco in Mexico, and we suggest 
that the real transition to village life 
took place there and not in the dry 
Mexican highlands, where maize was 
domesticated initially (17). 

Conclusion 

The interpretation of archeological 
remains through a fine-scale analysis 
of small ecological zones throws new 
light on the move toward sedentary 
life in Mesoamerican prehistory. In 
our terms, the basic difference between 
peoples who subsist on wild foods and 
those who dwell in permanent villages 
is that the former must exploit a wide 
variety of small ecological niches in 
a seasonal pattern-niches which are 
usually scattered over a wide range of 
territory-while the latter may, be- 
cause of an effective food production, 
concentrate on one or on only a few 
microenvironments which lie relatively 
close at hand. 

Fine-scale ecological analysis indi- 
cates that there never was any such 
thing as an "agricultural revolution" 
in Mesoamerica, suddenly and almost 
miraculously resulting in village life. 
The gradual addition of domesticates 
such as maize, beans, and squash to 
the diet of wild plant and animal foods 
hardly changed the way of life of the 
Tehuacfan people for many thousands 
of years, owing to a general paucity 
of the environment, and seasonal no- 
madism persisted until the introduction 
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of irrigation. It probably was not until 
maize was taken to the alluvial, low- 
land littoral of Mesoamerica, perhaps 
around 1500 B.C., that permanently 
occupied villages became possible, 
through reduction of the number of 
microenvironments to which men had 
to adapt themselves. 
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Since the initial space probes and 
satellites were designed, the control of 
temperatures likely to accrue within the 
vehicles themselves has received in- 
creasing attention. As designs become 
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more sophisticated, requirements for re- 
liable thermal control have increased. 
In an early review of methods for con- 
trolling temperatures in satellites and 
space vehicles, Camack and Edwards 
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(1) outlined quite precisely the neces- 
sity for temperature control. Tempera- 
tures of satellites and spacecraft must 
be controlled reliably to satisfy require- 
ments of internal instruments and pay- 
loads-especially man. For example, 
electrical components have highly re- 
strictive temperature limitations and, to 
a considerable degree, dictate the ther- 
mal design of the vehicle. Transistor 
networks are useful only btweeen 0? 
and about 60?C. Some batteries will 
operate efficiently only within quite 
narrow temperature limits, and nearly 
all biological processes must be main- 
tained within a range of about 40?C. 
The conversion efficiency of silicon 
solar cells, used at present for photo- 
voltaic conversion of solar to electrical 
energy, increases markedly as tempera- 
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