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community, with reciprocation and small-scale redistribution, during the
First Intermediate Two A subphase, and a peasant community, linked by
close economic ties to an urban center, in which the relationship was clearly
inequitable. The econemy of Middle Horizon Teotihuacan was probably a
mix of reciprocal, redistributive, and market exchanges comparable to the
pattern in contemporary Qaxaca.

The contrast between the two systems is most apparent by a comparison
of the two houses of the lineage heads, that for Torremote and that for
Maquixco. The data reflect clearly the difference between an official who is
essentially a senior kinsmen and a source of redistribution, in the case of the
earlier village; and an official who not only does not produce surpluses of
technological goods for redistribution to kinsmen, but virtually manufac-
tures no goods at all. His position is more explicitly political.

In summary, for the First Intermediate Phase Two we seem to be dealing
with an essentially self-sufficient local community in which ranked indi-
viduals functioned to redistribute, over short distances, small quantities of
certain finished products. At least some of these materials (e.g., obsidian)
were locally unavailable, and some of the finished items were manufactured
by a few specialized, or semispecialized, producers who resided within the
higher-status households. We feel fairly comfortable in generalizing
from the economic pattern we infer for Loma Torremote to the rest of the
Basin of Mexico for the First Intermediate Phase Two; that is, all the settle-
ment clusters we have identified as First Intermediate Two polities were
probably behaving in much the same manner. At Middle Horizon Maquixco,
on the other hand, we have a specialized agricuitural community which was
totally dependent on a neighboring city for most of its necessities, aside from
basic food staples. At Loma Torremote the lineage head was a senior
kinsman who functioned as the principal focus of community redistribution,
and who underwrote some specialized production. At Maquixce, the lineage
head was a much more explicitly political figure who had nothing to do with

the production of nonagricultural redistributed goods, and whose principal
function was probably to relate the entire local community to a higher
organizational level at Teotihuacan.
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Basin of Mexico Survey

In Chapter 5 we presented a detailed description of the settlement history
of the Basin of Mexico over a period of 3000 years. Although we did occasion-
ally offer explanations for some of the changes we described, our intent was
to make that section as descriptive as possible. Hero we, will explore a
r?umber of hypotheses that we believe were responsible for the characteris‘—
tics of settlement systems during the various phases and for the changes in
those systems that occurred during the long period of occupation by secl‘en—
tary farmers.

Frgm the inception of the project we have emphasized a materialist and
ecological approach. More specifically we favored and continue to favor
Steward’s {1955) culture core paradigm as the most useful theoretical struc-
Fure; th.at changes in the exploitative system require changes in social
mtgachon; changes in social interaction produce the need for new or~gani—
zational rules; and thesc rules require ideological validation. We have
however, modified this scheme in response to recent developments in culturé
ecology, particularly in demography, energetics, and quantitative geog-
raphy.. These new developments can easily be adapted to Steward's
paradlgm, particularly if one shifts from a linear concept of change to a more
fz:ot;z’;fgils;, a shift that is becoming Increasingly popular among an-

_ We enthusiastically endorse this change but have not been impressed
with recent attempts to apply it to anthropological probiems. The difficulty is
that most systemic models that have been proposed do not include in the
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design any way of assigning different weighting values to the various fac-
tors. As Robert Carneiro (1972) has pointed out in a recent seminar, it would
be a mistake to assume a democracy of variables. Also needed, to make
systermic models useful, are quantitative measures of the€ individual variables
in the particular cases being analyzed, a particularly difficult problem if the
system is to include factors such as social and political organization. Qur
suspicion is that if we do assign Ws, and
different weighting values for each factor, that tlﬁw\will
assume a unilineal, or at least a multilineal, characier (see Sanders and
Webster 1978 for a detailed discussion of this problem).

In summary we feel that a systemic frame of reference has great utility,
but would add the warning that useful theory must be simple theory; the
fewer the variables and the easter it is to assign quantitative values to them,
then the more effective the capacity of the theoretical structure for prediction,
An ideal objective would be to isolate four or five variables that explain 80%
or more of the variety recorded in the archaeological record. We see no way of
accomplishing this task at present, and although our own theoretical struc-
ture has some systemic elements to it, in essence, it can be described as a
multilineal paradigm, Essentially our procedure is first to suggest several
lawlike generalizations that we suspect have considerable validity and ex-
planatory power for the cultural evolution of the Basin of Mexico, then to
discuss some of the feedback effects of the social system on the operation of
these basic propositions. At our present stage of theory we know of only
three lawlike generalizations that govern cultural change: the Iew of bistic
potential; the law of least effort; and the law of minimization of risk.

The law of biotic potential simply states that all species of life have the
potential to constantly increase in numbers. This potential is enormous;
when sufficient time is allowed {and this involves only hundreds, or at most
thousands, of years) even the slowest growing and reproducing animal has
the capacity to cover the surface of the earth with its progeny. The law of least
effort simply states that when choices between two or more alternate re-
sponses to a stress are possible, the choice will be that which produces the
greatest gain with the least effort. The Jaw of minimal risk means that when
faced by choices the decision will be to adopt that solution which produces
the minimal risk.

Virtually all previous evolutionists have explicitly or implicitly utilized
the operation of these lawlike generalizations in their theoretical arguments.
Carneire (1970) reviewed the various theories and found that they begin with
one of two very different assurnptions. One position assumes that the evolu-
tion of complex societies, or as it is frequently referred to, the evolution of
civilization, is a process of overall progress or improvement of human well-
being, and the cmergence of civilization can therefore be understood as a
“volunteeristic’” process. Because of the nature of political centralization and
economic specialization, both inevitable to the civilizational process, some
individuals derive more benefit from the system than others. Since everyone
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ITE;:OVGS{MS gn;neral well-being, however, even those who occupy the base

Ot the system of social stratification will accept i i

recipronity. Pt a certain amount of negative
The second position sees the process as both a loss of political autonomy

and an increase in economic cost, to the majority of the population, and the

generalizations we presented previously,
. Cérjejf?’s own theory of the gvolution of complex societies assumes that
: e}?‘emerge‘i.’jn]y through a cecrcive process. The major stimulus is popula-
tion growth; in other words, the operation of the law of biotic potentiaJpThe
process he sees, however, is a direct political one, not necessarily med;ated
through economic processes, and thus it is not a materialist paradigm. His
argument assumes that warfare is universal. In areas of large geog ra. hi
space (areas he refers to as open environments) and low population dgenSi :
losers in warfare can escape the penalties of exploitation by ficeing to othz;
areas and hence little political evolution bccurs as a consequence of war. In
cases where the environment is smail {referred to by him as a circumscril.aed
environment), and population density relatively high, then the losers cannot

under relatively low conditions of population density. It also means that the

should emerge first in smaller, socially or environmentally cirCums(cribeg
areas, and these areas should show a much faster rate of political evolution
than the large. ones, providing of course that the smail area is sufficiently

getwefen CQmplexity of social organization and the size of the society, as
t arneiro hlmse]f has shown, Apparently the law of least effort operate; in
erms.of social systems as well as economic behavior, that is people will not
organize themselves any more expensively than is necessaryf Band societies
for_exlample, tend to have populations maximally in the hundreds tribai
socicties maximally in the thousands, and chiefdém societies maxiﬁ-ially in
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Netting (1972) has offered another, essentially nonmaterialist explanation
to the evolution of complex society, but again with population growth as the
major stimulus. In this case he argues that overt coercion, partlc'ulafl){' war-
fare, is not necessarily the mechanism by which a local group or individuals
will surrender their autonomy. His argument is that populations increase gt
an arithmetical rate, but the frequency of conflicts increases at a geometric
rate. Finally a point is reached when it becomes less costly to accept the
results of arbitration even if occasionally unfavorable to the litigant, than to
continue the feud. Although some of these feuds may be over property, tlhey
can be over a great range of situations. The theory is therefore not essentially
materialistic since some of these conflicts may not involve property at all. In
the African case the individual selected as arbitrator is usually a person who
already has a position of prestige in the society, usually a religious Ie;der
with very limited economic or political power. Through his rglc as arbiter,
and because he recetves gifts from the litigants, he gradually builds up a fund
of political and economic power. Much of this power may be transferab%e to
his descendants and ultimately a chiefdom emerges from an essentially
egalitarian society. .

A mere materialist explanation of the evolution of complex society, but
still within Carneiro’s coercive tradition, is that offered by Esther Boserup
{1965). In her book, The Conditions of Agricultural Growth, her major obiective
was to explain variations in agricultural systems. Previous. researchers, in-
cluding anthropologists, have recorded a great variety of agricultural sy'stems
in terms of crops, tools, techniques, and, most importantly, degree of inten-
sification of land use. One explanation of these variations was cultural evo.lu—
tion, with the basic assumption that agricultural change was a progressive
process starting with simple tools, few techniques, and extensive practices of
land use, and ending with more complex tools, elabora‘te teChI;'tllql:leS., .anfi,
intensive patterns of land use. When groups still retained a “primitive
agricultural system it was ascribed to cultural backwardnesg. These conclu-
sions were particularly held by evolutionists, who started with the assump-
tion that cultural evolution generally was a progressive process and that Fhe
changes in agriculture stimulate population growth. Another exp]ar‘latlon
was environmental, that is, each kind of agriculture was an adaptatlon,la
concession, to variations in soil fertility and was hence in static relationship
to the land resource. '

Boserup reversed the argument, based on a careful comparison of labor
input and crop yield, for the various systems of agriculture. She demqn-
strated that extensive systems of agriculture have a higher inputioutput ratio,
that is, the farmer gets more calories of crops, in terms of calories ‘of_work
expended, than from intensive agriculture, and what we call-agrictiitural
evolution is a process of gradual decline in per capita income, produced by

-uncontrolied population growth. Following this argiiment, when new areas
are colonized the extensive agricultural systems will be utilized first; as
population increases people will first respond by fissioning into nearby
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unsettled areas. Ultimately, as the region is completely colonized and fission-
ing inhibited, further population growth will require a shortening of the
fallow system, and finally the entire area will be occupied by farmers practic-
ing intensive agriculture. Her theory provides us with a more dynamic view
of agricultural systems, and variations in degree of intensification at any
point in time are due primarily to stages in the colonization process.

In her book, however, she goes beyond explaining agricuitural variety.
She secs agricultural intensification as causing changes in land tenure from
virtually no clearly defined land rights, even on the village level, until
ultimateiy the level of individual holdings is reached. Another effect of the
process is increasing economic specialization and social stratification. Social
stratification is primarily the product of the land tenure system, and land
hoiding rights become increasingly inequitable as intensification occurs. In
her model she assumes population growth as a universal and independent
variable. Her theory is essentially in the tradition of cultural materialism,
since social, economic, and political changes are mediated through the 5ys-
tem of agriculture. :

In all three of these arguments there is the suggestion that populati

grewth_is an_indepeadent wariable; that in general, human populations
increase, and that population-regulating mechanisms among mgs

are generally ineffective. All these assumptions have been questioned, and
the whole issue has excited considerable controversy in recent years (see
Blanton 1975; Cowgill 1975a; Dumond 1965, 1972; Lee 1972; Logan and

Sanders 1976; Rappaport 1971). Briefly, the counter argument is that the very
“rapi uiously—has—affeﬁe&im—populadomsiggg_ﬂﬁjndus—
trial Revelution has misled us in i i tion_that this is
the human norm; while in fact, through most of the human histormpﬁla—

ion growth has been anomalous or at least unuSiuat-Hurmarn beings, it is
reasoned, like att amirmal ard plant populations; are parts of an ecosystem
characterized by a network of homeostatic controls, which regulate popula-
tion. Factors that regulate population growth include cultural practices as well
as natural factors. Taking this position, population growth, particularly rapid
rates of growth, are rare phenomena.

One of the arguments against population growth as a causative factor in
cultural evolution is the %WMstriai
Revolution, a strange argument since cultural evolution has also been an
extremely slow pracess! In fact one can show that although cultural evolu-
tion, in an overall sense, has been slow, the rate of growth has been an
accelerative one and, as Dumond's (1965) calculations show, population
growth has also occurred at an accelerated rate (he calculates a rate of
0.0007~0.0015% per year for the Paleolithic, 0.1% during the period for 8000
B.C.—A.D. 1750, and 0.15-0.40% for the period between a.p. 0-a.p. 1750).
Taking the argument one step further it can also be demonstrated that in the
case of very small local regions, both population growth and cultural evolu-
tion can be enormously accelerated compared to these average rates.
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We also question the assumption that nonhuman ecosystems are balanced,
static systems. If they were, biological evolution would never have hap-
pened. Most researchers, whether anthropologists or biclogists, when _they
study contemporary systems, have been struck by thei‘r functional
harmony-—an cbservation that leads to the erroneous conclusion that they
are static systems. The major problem is our inability to measure small
changes that accumulate in systems when our period of observation has such
a shallow time depth as a few months, a few years, or at most a generation or
two. It is curious that most archaeologists see the cultures they study as
dynamic.

We strongly favor the position that population growth is a general phe-
nomenon and that human reproductive behavior generally is unlike that of
most other species only in its tendency towards sustained growth. The
validity of these positions cannot be argued philosophical!y, thE{y must be
supported by empirical data, and the data are overwhelmlngiy in favor of
population growth as a universal phenomenon. Very simply, if this was not
the case we would still be Australopithecines living in South Africa. It is
undoubtedly true that the growth rates prior to the Industrial Revolution
were much slower (primarily due to a much higher infant mortality), but the
fact is that there has been a steady increase in the human populations since
Paleolithic times.

The major reasons why human population growth has on the whole been
a more sustained, and even accelerative one, when compared to other animal
populations, is because of the tremendous significance of learned behavior or
culture, which is capable of constant elaboration and development. _Thls
means that responses to population pressure are much more apt to trlgger
responses in the form of changes in the cultural system than populatl'on
regulation, and these changes either permit larger numbers of people to h‘ve
in the same area or allow people to expand into new geographic space with
strikingly different environmental characteristics.

With respect to smaller geographic areas and relatively short periods of
time, the data show much greater variation in the pace of population growth,
and these variations require explanation. Qur own data from the Basin of
Mexico reflect this variability. With very favorable epidemiological, nutri-
tional, and political conditions, pre-industrial farming populations appar-
ently have the capacity to double every 100-200 years, and this has probably
been close to the maximum growth rate until the great reduction in infant
mortality in the modern era. This rate has been recorded by archaeological
studies in a number of areas, and is particularly characteristic of pioneering
populations, occupying new environmental regions, where the colonizing
population is small and land is in abundance. Apparently, under these
conditions, cultural controls are either absent or completely ineffective, and
natural checks are of minor significance, so that the maximal growth rate is
achieved. Such populations, even on the local level, ultimately tend to level
off, whatever the factors are that reduce the growth rate. The reason why
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larger geographic regions show slower rates of growth is undoubtedly be-
cause the smaller areas within them, which were first colonized, uItimately
undergo very reduced growth rates or their populations become completely
stabilized. The question is: How does this process of reduction of growth
occur and what are the growth-curbing mechanisms?

It is our opinion that the reduction process is a gradual one, that is, if the
doubling rate, at the initial phase of colonization, is every 200 or 100 years, it
will gradually shift to every 300 or 400 years, and ultimately will reach a point
of stability. This process occurs also in many nonhurman ecosystems and has
been referred to as environmental resistance. It also is in accordance with our
model of how agricultural intensification proceeds. Within a settlement ex-
periencing population growth, the consequent inequities of land distribu-
tion will create situations where individual families will be forced to reduce
their fertility or increase their mortality, in order to solv# their economic
problems. The mechanisms by which this is accomplished are undoubtedly
numercus and complex. The most effective ways of curbing population
growth are infanticide and retarded age of marriage, and both can be consid-
ered as economic decisions., Other factors, not directly controlled by eco-
nomic choice, would be malnutrition and disease, two conditions that are
mutually interactive. Within a local region, variations in land pressure from
community to community will also produce the same kind of variety in
reproductive behavior.

What the data seem to show is that the mechanisms of population control
operate so slowly and gradually that frequently the process is not even a
conscious one and certainly cannot function to prevent changes in the cul-
tural system. In taking this position then, Boserup’s argument, that popula-
tion growth can be operationally seen as an independent variable, is essen-
tially correct. We have seen virtually no examples in the literature where
population growth has been controlled in cases of an agricultural population
at a very low percentage of carrying capacity. The most effective means of
curbing population growth, and we would argue the only one that can be
totally effective over a long period of time, is infanticide, and this seems to be
resorted to on a sufficient scale to produce equilibrium of population only
very rarely, and under very extreme conditions.

Basically, all of the theories discussed up to this point involve the opera-
tion of the noted two laws, the law of biotic potential and the law of least
effort. [n Carneiro‘s {1970} discussion of the varicus threories of the evolution
of complex societies he classifies Wittfogel (1957) and his hydraulic civiliza-
tion theory as a volunteeristic theory. Following Carneiro, it is a theory
derived from our third law, the law of minimal risk. We feel that Wittfogel’s
hydraulic civilization theory in fact is an example of the operation of all three
laws. There have been a number of attempts by archaeologists in recent years
to apply Wittfogel’s ideas to prehistoric evolutionary sequences, generally
with negative results. The reasons for this failure we believe stem from (7) a
basic misunderstanding of the theory, and {b) a very naive research design to
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test it. It is not our intention here to review all of the literature, but a brief
summary of the problem is necessary to set the stage for cur argument,.

What Wittfogel did was to demonstrate 2 correlation beltween the lz_lrge,
highly centralized political systems, which he refers to as ?rzentaf dc.’sp_ohsa‘ws,
with very large scale water management, the latter involving both.lrngatmn
and transportation systems. The central features of orientgl despotisms are a
monopoly of political and economic power by the state, with absolute c;)ntrol
over the supporting population, a monopoly that prevents the formation .of
rival power-controlling institutions. Such states tend to have .mo;flarc.hlal
institutions, weakly developed mercantile classes, and feudal institutions
that are subverted by partible land inheritance. The means by which the state
achieves this absolute power is essentially control of water, and.the man-
agement of this resource requires an elaborate buregucracy. Thls type of
society he felt was characteristic of Islamic Mesopotamia and China from the
Han dynasty to the republic, and was the end product of a long process of
internal evolution in those areas: in other words, the development was an
example of primary state formation. . _

A final conclusion of Wittfogel's, and perhaps the one that is most
responsible for negative reactions to his theory from some anthropologists, is
that other states, evolving in areas of nonhydraulic agriculture, particularly
those in which some of the features of the oriental despotism type of state
were present, were all cases of secondary state forrnat%on; tha_t. is, the de-
velopment occurred under contact or stimulus from pristine or primary states
that had evolved in hydraulic regions.

Wholly aside from the validity of this last argument, there has been
considerable misunderstanding of Wittfogel's primary argument about state
formation and its relationship to hydraulic agriculture, and some of the
criticism reflects a curious lack of time perspective on the part of the very
anthropologists who are most concerned with testing the theory of‘ cultural
evolution—the archaeologists. For example, Adams (1965, 1966).r|=;-‘|qcts tl'fe
Wittfogel model as not applicable to third millenium =.c. Sumenfa{_h What is
almost incomprehensible in Adams’ position is that he rejects both
Wittfogel's model of the oriental despotism type of'state and levlrge .sc.ale
hydraulic agriculture as applied to Bronze Age Sume:'m. If the .socxopohtlca]
system was not yet evolved to the degree that Wittfogel himself would
classify it as an oriental despotism, and if the agriculmr.a] systgm was not‘ thf:
large scale centralized irrigation system that Wittfogel is talking about, it is
difficult for us to understand what Adams is objecting, to. }n fact one can
interpret the political evolution of Mesopotamia as a gra(.iua] process that
parallels very closely the evelution of hydraulic agriculture in the same area.
Sociopolitically we begin with small early Bronze Age. chlefdoms,. which
evolve into small states during the Late Bronze Age perlod,.and u],tlmst.tely
into large empires, with the institutional characteristics of W1ttfog.e1 5 otien-
tal despotism, at least by Iron Age times, certainly during Fs}a‘m¥c times. This
evolution goes hand in hand with a process of gradual artificialization of the
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natural environment, beginning with a system of agriculture consisting of
short feeder canals from the numerous natural tributaries of the region; to
small scale, artificial, network canal systems; and finally to a point where the
entire river system is canalized. In fact the overall process would seem to
justify Wittfogel’s argument very strikingly,

The same paralle] processes between political evolution and increasing
control of irrigation resources can be seen in the culture history of the
Peruvian coastal valleys, and yet Andean archaeologists have so far taken
issue with Wittfogel’s major argument (see Lanning 1967). Sites like Las
Haldas, Moche, and Chan Chan are points along a continuum of political
evolution of the region, and this evolution goes hand in hand with the
development of hydraulic agriculture from small scale floodwater systems, to
small scale local canal irrigation, to valley wide systems, and ultimately to
transvalley irrigation systems. The difficulty seems to be that most ar-
chaeologists visualize hydraulic agriculture as an invention rather than a
process. They apparently expect to find a chronological sequence in which
large complex eanal systems precede archaeological evidence of large com-
plex political systems.

An even more naive treatment of Wittfogel's thesis is represented by
ethnographic studies, which propose to test this hypothesis by the use of
carefully controlled data from studies of contemporary communities. A
classic example of the misuse of Wittfogel is Susan Lees’ (1973} study of
contemporary irrigation in the Vailey of Qaxaca, The Valley of Qaxaca,
covering approximately 2500 km?, is part of a modern republic which covers
approximately 2,000,000 km?, characterized politically by an elaborate
bureaucracy including several hierarchical levels and a complex pattern of
departmentalization of functions. The political organization at the lowest
levels is predetermined by the national constitution and all of these local
groups in the State of Oaxaca conform to the organization of the republic
generally.

Within the villages, beside the formal political system established by the
Federal Government, there are series of other positions of a quasipolitical,
primarily religious function, such as the Mayordomias, and very often,
special sets of officials who are in charge of water control within the village.
Irrigation in the valley is similar to that in the Basin of Mexico, that is, it is
used primarily for preplanting to obtain a head start on the rainy season, and
rainfall is the primary source of soil moisture. However, because the valley is
situated below 2000 m, continuous cropping can occur, and hence irrigation
is of particular significance during the dry season. Unlike the Basin of
Mexico, however, the systems are very small in size, very frequently re-
stricted in use to single villages, and at most involve only a few villages and a
few thousand people.

Apparently, when Lees initiated her project she expected to find an
elaborate bureaucracy of water management, and despotic political power
within and between communities, according to the classic model of Wittfogel,
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and she applied this to the tiny irrigation systems and the small sc?le
organization of the area! This initial hypothesis reached a leve] of absurdlty
when she attempted to find out whether there were examples of }ntemal
despotism within the village and whether one village wo.uld despotize over
other villages using the same irrigation system. All of this was supposed to
happen within the setting of a modern natioqa} state! Most of he‘:r effort was
spent in an analysis of the formal political positions, those estabhs‘hed by the
Federal Government, and those that were particular, or peculiar, to the
community that she studied. What she found was a great variety in arrange-
ments in terms of the distribution of water (afthough water was officially
managed in every communtty) and no evidence of village “despotism.” Con-
sequently she rejected Wittfogel’s hypothesis.

In our opinion what Lees’ study should have dor}e was to focus on the
network of informal patron—client relationships within the village bar'fd the
relationships of the patron-client system to differential access t.o irrigated
land. If she had done this she would have seen a close relationship between
these two vartables and would have found informal as well as formal power
manipulation within the village. Sckolovsky (1974) was able to Fio a paral.lel
study of the village of Amanalco in the Texcoco region of the Basin of Mexico
which revealed this process in great detail. . '

Aside from these methoedological problems in testing Wittfoge.l's ideas it
would seem logical that hydraulic agriculture is varied enough in its charac-
teristics to require a series of evolutionary models, each c}ependent on the
specific characteristics of the system. Such variables would 1nclude.the size of
the system {particularly whether it is a single community ora multlcommup-
ity systemn), degree to which the population derived nearly all or most of its
crops from irrigated land, ratio of water to irrigable land, whet}?er t}.le system
occurs in an environment where the risk of unirrigated cropping is h1gh‘ or
low, long-term problems such as salinization, and feedback relationships
between irrigation and the sociopolitical system, ‘

We also take issue with Carneiro’s identification of Wittfogel's theory as
a volunteeristic theory. The effects of irrigation on the cultural system are in
fact multifaceted and very complex. An important element in t_he social
relations among users of an irrigation system is in fact competition, both
intracommunity and intercommunity, as Millon et al. (1962) have p_'omted out
in their study of the contemporary Tectihuacan system. To recapitulate, t.he
contemporary Teotihuacan system involves approximately 20,0@0 people dis-
tributed in 15 villages and 6 haciendas. The system has a single source,
approximately 80-100 springs concentrated in an area of a few‘ square
kilometers. Water is collected from the springs into a single canal, which then
splits into two major canals, running down opposite 'sisies _of the valley.
Much of the agriculture of the valley is not based on the irrigation system, so
a substantial population derives its food supply from nomrrlgateq lam':l,
including people within the irrigation villages. The risk of crop failure in
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unirrigated land is extremely high, so that a major function of the system is to
reduce risk. The situation creates patron-client relationships within the
village, between people who have access to adequate amounts of irrigated
land, and those who do not. Particularly characteristic of the system is
Intensive competition among the villagers over the use of the water and this
competition has at times come close to open warfare. Upstream villages
obviously have advantages over the downstream villages in terms of these
conflicts, and this is one of the major kinds of confrontation. The intervillage
disputes are regulated by a council made up of all the member villages,
but even this would not work effectively if it were not for the fact that the
Federal Government has established the water regulations and has the power
to enforce them when these conflicts become acute. Only because of periodic
intervention of the Federal Government has the Teotihuacan system re-
mained relatively stable over the past 30 years,

In the case of the Amanalco system approximately 30 local cooperatives
(villages, ranchos, and haciendas) once received regular water allotments
from the system. The history of the system over the past 30 years shows a
constant process of downstream villagers losing their water rights to the
upstream villages, until today, only a fraction of the former irrigation
cooperatives have access to the system. This is the product of population
growth in the upstream villages, and a shift from subsistence cropping. to
more intensive garden crops, which require greater amounts of water.

The water regulations of the Amanalco system are also guaranteed by the
Federal Government and we are not sure why such regulation has been
effective in the Teotihuacan system and has failed in the case of the
Amanalco system. We can, however, offer a probable explanation. The
Teotihuacan system is twice as large as the Amanalco system in terms of
irrigable land and volume of water, and water is distributed to half as many
cooperatives. What this means is that the allotment is used by a greater
percentage of the population of each village in the system. This probably
makes it easier for upstream communities to take advantage of their position
in the case of the Amanalco system, since only a small fraction of the villagers
in the downstream villages even received water from the system. Those few
users probably cannot effectively mobilize the entire community for resis-
tance to abuse by the upstream communities.

POPULATION PRESSURE AND SOCIOPOLITICAL
EVOLUTION IN THE BASIN OF MEXICO

In this section we will test the usefulness of the first two lawlike
generalizations, the law of biotic potential and the law of least effort, to the
problem of cultural evolution of the Basin of Mexico. In a recent paper Logan
and Sanders (1976:31-178) designed a population pressure model, based
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upon Boserup, and applied it to those areas of the Basin th.?:t had bfeen
surveyed at the time of the writing of the paper. In essence this stgdy is a
second attempt to apply the same model but with data from the entire area.
The model was originally presented in outline form followed by a detailed
discussion. A reproduction of the model follows.

1. Population growth depends on certain favorable combinations of
three factors:
A. Fertility
B. Mortality
C. Migration
L If interaction of factors in [ leads to population increase and subsis-
tence stress, the group may respond by:
A. Thysical and social fission ‘ o
B. Increase in food production per unit of space by intensifying use
of available resources or by exploiting newly incorporated or
newly developed resources within the same physical space
IL il-A will be eliminated as a response and II-B will occur if;
A. Environment is circumscribed and desirable resettlement locales
are either occupied or nonexistent
B. Environmental factors permit II-B
IV. If 1I-B doues occur, this will then stimulate:
A. Sedentary residence
B. Differential access to both agricultural and nonagricultural re-
sources, first within settlements and then between settlements
C. Intrasocietal and intersocietal competition
V. If IV-A, [V-B, and IV-C occur, then the following processes will
result: »
A. Occupational specialization in nonagricultural activities
B. Further intensification of agriculture, including specialization in
agricuiture in the first stages of the process
- Increase in econumic exchange networks and the development
or elaboration of managerial institutions
- Rank differentiation and, ultimately, class stratification
. Political linearization, or the emergence of more numerous, in-
creasingly complex political controls
The rate of development of II-B, IV, and V is affected by:
A. Population size and rate of growth
B. Size of the circumscribed area
C. Resource variability within the circumscribed region
E.

md 0

VI
A

D. Technological base of production and military spheres of culture
Comparable events and processes occurring in nearby geograph-
ical areas

VII.  The stability of, or decline in, cultural complexity will occur when:

A. Factors in J result in a stable or diminishing population

B. Il-A is operative

C. IlI-B does not permit 11-B

D. Circumscribed areas are excessively small or isolated

In order to test the model a necessary step is the calculation of carrying
capacity for the various regions of the Basin in terms of different agricultural

systems.
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Carrying Capacity

Considerable controversy has developed in recent years over the ques-
tion of carrying capacity (see Hayden 1975), what it is, how to measure it,
and the usefulness of the concept to an understanding of cultural adaption.

" Much of this controversy has occurred because carrying capacity has been

conceived of as a static condition rather than as a dynamic process. The
biological definition of carrying capacity as the maximum number of a
spectes of living organisms that an area can sustain, without long-range
deleterious effects that reduce the capacity of the area to sustain that same
population, is probably of limited utility for cultural ecologists. The problem
is that humans, through culture, are able to change their exploitative ar-
rangements drastically as their population increases, and these changes allow
for increasingly larger populations to reside in the same area. This is not to
say that the process never produces long-range deleterious effects, but in
most cases the effects can be arrested by new techniques.

If we accept Boserup’s thesis, that the initial colonization of any area by
farmers should involve an essentially extensive approach to land use, we can
then calculate the carrying capacity of this extensive system. Theoretically a
population first fills in an area, to the degree that the carrying capacity of
extensive agriculture is approached, and only then should there be a shift to a
more intensive agriculture system. Prior to this point, as local populations
build up to certain levels, the work cost of agriculture increases, and, in
response, physical fissioning occurs. When the fissioning process has re-
sulted in colonization of a defined area, then a shift to a more intensive
agricultural system would be the response to further pressure. One could
then calculate the carrying capacity of the new system. Successive shifts to
increasingly more intensive systems of land use can each be evaluated using
the carrying capacity concept, and theoretically we should be abie to discern
quantitative regularitics in the process, that is, changes in settlement, ag-
ricultural practices, and techniques should occur at some central value or
mode of percentage of carrying capacity.

In the previously cited paper {Logan and Sanders 1976) we estimated that
fissioning, during the pioneer stage of colonization, would occur at approxi-
mately 20-30% of carrying capacity, and overall changes in the subsistence
system shouid occur, to a degree that is measurable, at 50-80%. The main
reason for changes to occur at levels well below carrying capacity relate in
part to the feedback effects of the sociopolitical system on the process. Within
a community, inequities of land rights may result in some farmers shifting to
more intensive patterns of agriculture well before others. Apparently even at
relatively low levels of population there is a perception of land as a limited -
good and the process of competition over this resource results in differential
access to it. Between communities the same process of competition may
operate to create unsafe 2ones between politically antagonistic populations,
and hence reduce the zone of cultivation artificially. Aside from these feed-
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* From Sanders 1976b.

2 o
back effects of social structure on the process, Napoleon Chagnon’s studies of E 5 E . o © New Boo w© & I
the demography of the Yanomamo (Chagnon 1968, 1974) show striking ? . 2 £ = — ~ I R . SR
variability in demographic behavior of small groups, much of which is v sld = o
idiosyncratic in nature. This means that some settlements in a given region : IS . -
would be expanding in population at a much faster rate than others, and = T s
consequently the process of agricultural intensification would be uneven, [_ﬁ = E = § § = ) § % § § ¥ 2 g
even within one of our survey regions. 2% * e CI=i g &~ ¥
In a very large area like the Basin of Mexico, where colonization pro- 4 ol g
ceeded from a few localities, and where large areas were agriculturally mar-
ginal or uncultivable, this process would be expectedly even more uneven, e w
and the initial areas of colonization would experience heavy land pressure % 5 5 - 1" " o R e :; - o
while other areas might still be in a stage of pioneer occupation. In part this % 23 E . - - . R TR
is because of the essential inefficiency of the fissioning process as a means of TYE8 &
population dispersion. As we noted before, the fissioning process involves g E -
relatively small-scale, short distance, local movements, rather than large- Eé cu® Q
scale long distance treks. What this means is that even lightly settled frontiers E = E % 5 S g 25 BER 3 0 8 8
may act as buffers and restrict colonization from well-settled areas, and _ e E;g’.: = g = °
well-settled areas may act as buffers against population movement from R ~zE
overpopulated regions, precisely what Carneiro describes as social cir- .
cumscription. The steady increase of population density, and consequent §E 7 - . o
agricultural intensification, in the southern third of the Basin during the First © *;,;' 53 2 o o n ® ? 2 o 3 2w
through the Second Intermediate time frame can, in part, be explained by the = [2%E , 2 ° "
circumscribing effects of population buildup in the central region. % -E w3 &
Our model of the agricultural history of the Basin proposed here is ' AR a
derived essentially from Boserup and assumes a process of increasingly more 4 = & S g 2
intensive land use as the population increases, In order to demonstrate this ' ; £ 52§ i & B g8 228 B % =
process we need to calculate the carrying capacity of the Basin in terms of - - =37 - - o g -
different agricultural regimes. This is an exceedingly difficult task and what & & &
we have done instead is to establish carrying capacity estimates for a very E .
extensive system of farming and then estimates for a fully intensive agricul- 1. E . § © °
tural system. These two calculations can then act as control points for estimat- i 2 % ;:8 =2 = = i S N =
ing the process of intensification. In the previously cited paper by Logan and g g i -
Sanders (1976} we discussed in detail our methods of calculation. A number -] £ o=
of charts from that study have been republished here for reference (see Tables gl £E R
9.1,;.4: and 9.5). ‘ . o - ) E E” £ %E 2 S 2 28 293 = % s g
asically our method is a direct application of William Allan’s (1965) e | & 5 EY z = = *3 dge = g F =
method of calculating carrying capacity, as presented in his classic study, The % o =20 +
African Husbandman. He uses three variables, the cultivation factor, the land 2 ~ &
use factor, and the cultivable land factor. We will begin with the cultivation 5 o
factor. This refers to the amount of land planted in crops in a particular year, ) =3 s
necessary to sustain the average person. In our caiculations we have changed - w8 e les = _ e . %’ g g o
the unit of consumption to the extended family (in the mid-sixteenth century = = TEAER R E_i*g N = REL T o £ _g@ 3 E E .é E
averaging seven persons), since the extended family was the production unit w = SEnlw E 55 g FEh X 1: 558 E. Ei-RERTS T
{see Table 9.1). Allan’s calculation was an empirical one, based on the E-g g EEREEic: éjg SEEE EzEfsz§eb-28:¢
F3 < B T TETTEETOEZTETECET

particular economic system being studied. For example, among relatively
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self-sufficient tribal farmers, where craft specialization and social stratifica-
tion are weakly developed, the cultivation factor is the amount of land
needed to provide food to feed the family. In societies where both social
stratification and craft specialization are highly developed, the factor must
include additional crop production for marketing and taxation. In this study
we are concerned only with the demographic capacity of the agricultural
system, not with the redistribution network, so our measure assumes rela-
tive self-sufficiency in food production by the family, and is therefore an
estimate of the amount of land needed to feed one extended family. Consid-
ering the large size of the Basin of Mexico, and the primitiveness of transpor-
tation, it is very unlikely that any significant foods were cxported from or
imported to the area. The only complicating question is whether economic
specialization does not produce greater efficiency in terms of agricultural
production. We feel that the differences are relatively slight, and hence our
methodology is, in fact, a good measure of the demographic capacity of the
agricultural system,

In Central Mexico today a variety of agricultural systems are practiced,
under a considerable variety of environmental conditions. All these var-
iations affect crop yieids, particularly maize, the staple crop. We have
abstracted from our studies of contemporary agriculture a set of average
productivity figures for the staple crop. These averages include extrapola-
tions for the effects of climatic variables (based on yields over 10-year
periods); extrapolations for losses of the harvested crop to other living or-
ganisms; and we have selected those values from fields where fertilization
regimes are relatively light, in an attempt to approximate pre-Conquest
conditions. A major variable, over which we have little control, are changes
in the maize plant itself that might have affected its vield. We know, primar-
ily from the Tehuacan project, that maize went through a series of major
botanical changes from the inception of domestication from its wild ancestor
teacentli, to the time of the Conquest.

On the basis of the data on the history of maize in the Basin presented in
Chapter 7, yields comparable to modern varieties of maize were possible as
early as the First Intermediate Five phase. The remaining problem is to
estimate yields for the earlier phases. Kirkby (1973) has made calculations,
based on a comparison of ear size, for the less productive, earlier varieties,
but we feel that her calculated yields are far too low. Using these caleulations
she obtains a yield of only 200 kilos per hectare, on lands which today yield
1000, in the Valley of Oaxaca. In the paper by Sanders (1976b) we criticized
this figure in terms of the labor cost of cultivation. Even assurning that only
two-thirds of the food supply was derived from maize, a family of seven
would need to cultivate nearly 5 ha of land a year to feed itself, Based on our
field studies of labor input, with wooden or stone tools, this would require
an annual labor input, depending on the soil texture, of 375-785 man-days.
The return is only 1.5-2.0 kilos of maize for each day of labor, an unaccept-
able return for a stable agricultural economy. In fact they would have had at
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least as favorable, and possibly a more favorable, ratic of return by gathering
wild plants. For example, for every seven Kalahari bushmen only 520 man
days are required for the seven people to feed themselves (Lee 1969). Under
these conditions it would be very difficult to explain why a group would
become agricultural. Among most contemporary farmers using hand tools
(see Sanders 1976b), a yield of 400-500 kilos of grain per hectare is a minimal
yield for them to consider it to be worth the effort. With plews, of course,
lower yields could be accepted, because the labor input per hectare is less
and hence more land could be opened up to cultivation.

Another reason that we doubt Kirkby’s conclusion is that the wild ances-
tor of maize, tcocenti, yields at least as high as her calculated Early Formative
maize, and on some lands, even higher, and almost certainly the process of
selection that produced the increased ear size would have at least some effact
upon productivity. Kirkby does demonstrate that there is a relationship
between ear size and yield per hectare in contemporary fields in Qaxaca, but
this is expectable since the same variety of maize is planted on most of these
fields and the variation in yield is due to variations jn climatological factors
which correspondingly affect ear size. It is quite another matter, however, to
assume that the primitive varieties of maize were planted using exactly the
same regime as those today. If the yield per ear was consistently only
one-quarter or one-half as much as it is today, what this undoubtedly means
is that the individual plant required lesser amounts of nutritional elements
and water for its growth. One would assume therefore that the plants were
placed closer together to maximize yields. Another possibility, as suggested
by Mangelsdorf (1964}, is that the more primitive varieties had greater num-
bers of ears per plant. If this were the case, then the planting regime might
have been comparable to that of more productive varieties, but the total yield
per plant somewhat less. With these considerations in mind we will assume
an average productivity of Early Horizon maize as approximately one-half
the values of modcrn maize and extrapolate values for the intervening
phases.

Finally we need to know the entire range of food resources and their
quantitative contribution to the diet in order to make a reasonable estimate
of carrying capacity. In some ecosystems a short supply of a relatively minor
{in terms of caloric intake) but critical food {particularly proteins) may restrict
the carrying capacity to levels considerably below those possible in terms of
the main calorie producing foods. The Mesoamerican crop complex includes,
however, virtually all of the nutritive elements needed, with an added small
ingestion of animal proteins. This means that the productivity of the staple
crop can be used as reference data for calculation of carrying capacity.
Considering the fact that our maximal figures for the Pre-Late Horizon
population are only one-fourth the size of the Late Horizon it would seem
probable that the animal and plant protein from the lake and land fauna from
unicultivated areas were more than sufficient to meet the major protein
requirements. Furthermore, intercropping was a common procedure, so that
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maost of the cultivated plant foods were derived from the same field where the
basic caloric staple, maize, was produced. What this means is that data on
maize yields can be used to estimate carrying capacity, providing we mak_e a
calculation as to the percentage of the diet that was derived from maize
products. In poor peasant families today in Mexico this figure may reach as
high as 80% of the caloric intake, and we will use this figure fon.‘ the very
dense population of the Late Horizon. For the earlier phases we will assume
that only two-thirds of the food intake was derived from maize products, or a
grain equivalent like amaranth.

The second component in Allan's calculation is the land use factor, that
1s, the number of units of the size of the cultivation factor needed to support
the family or individual indefinitely. The calculation therefore includes the
land under cultivation in any one year, plus a number of plots of land of the
same size, in the various stages of rest or fallow. A world-wide sample
inciudes examples of a land use factor as high as 20 or 30 (meaning 20 or 30
units are needed for each one in production} down to 1 or even 0.5 in the
cases of double cropping regimes. Our specific land use model supposes that
the process of intensification is a gradual one. On the basis of Lewis’ {1951)
studies of swidden or extensive agriculture at Tepoztlan we will use a factor
of 5 as representing the system during the early phase of colonization. For
fully intensive agriculture, which we postulate, on the basis of abundant
data, as present during the Late Horizon, we will use land use factors of 1 or
2. These two calculations will then provide us with points of reference.

The third component is more difficult to evaluate, the cultivable land
factor. This is the percentage of the landscape that can be classified as
agricultural land. This factor varies according to natural conditions, but also
according to the cultural characteristics of the population. Allan’s method
was first to divide the overall region into a series of major ecological zones,
Some entire ecological zones, at least in terms of a given level of fechnqiogy
or crop complex, may, as a whole, be uncultivable (examples in the Basin of
Mexice would be the sierra zone and the saline lake zone). These areas would
then be subtracted from the tota! land surface. Even within a zone that was
cultivated, however, one never finds 100% cultivability. This is due to
topographic, cultural, hydrographic, and climatic variability. In the case of
the upper piedmont, for example, much of the region is in the form of very
steep hillsides, in some cases without any, or a very thin soil cover; also
present are areas of exposed volcanic detritus and deep, wide barrancas.

in Sanders’ (1976b) study of carrying capacity, he assumed that, when
pre-Late Horizon populations avoided completely entire ecoIogical_zones for
settlement, even though they were occupied in Late Horizon times, the
inhibitory forces to their colonization were sufficient to classify these zones
as nonagricultural land. We justify this argument on the basis that not only
were the zones avoided for settiement for long periods of time, but they were
so even when adjacent zones were obviously experiencing substantial land
pressure.

T
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Our settlement surveys indicate that most of the area that was culturally
defined as agricultural land during the First Intermediate period was settled
by Phase One. In the subsequent First Intermediate Two and Three phases the
only significant geographic expansion of population was into the alluvial
plain of the lower Teotihuacan Valley. Virtually all of the rest of the popula-
tion growth involved essentially a filling-in process. This restriction of
movement suggests very severe limitations on the ecosystem, on the nature
of which we can only offer tentative explanations.

To recapitulate, basically the problem of the prehispanic cultivator was
how to adapt a crop that required 6 months to mature 1o an area where only a
minority of the land has a frost-rainfall regime that could insure successful
Cropping in a majority of the years, The key variables are the fail frosts
which, as we noted, begin as ecarly as September but generally occur first
during the October months and become extremely severe in November,
December, and January. Spring frosts also occur, but these offer relatively
minor problems, so minor that villages in the upper piedmont of the Texcoco
region today will irrigate their land in February and plant as early as March,
in some cases as early as February. Apparently the risk of fall frosts in terms
of crop fatlure is substantially greater than the risk of spring frosts. What is
important is that only a small percentage of the Basin includes lands where
there is a 6-month period free of frosts in a majority of years, and these lands
would be highly favored for settlement, particularly during the early phases
of the agricultural adaptation to the area. It should also be reiterated that
there is a rainfall gradient from southwest to northeast, and the problem of
the frost is further compounded by low average rainfall and great variation in
rainfall in some sections. In the south conditions are most favorable, in terms
of frost and rainfall, and the cultivable land category during the First Inter-
mediate period includes the alluvial plain as well as the lower and middle
piedmont. In the central region the operation of the two environmental
parameters of precipitation and frosts would effectively restrict occupation
during that period to the lower and middle piedmont, or to a few smail areas
in the alluvial plain, where natural soil moisture would permit plantings as
early as April or May. In the Teotihuacan Valley, primarily the middle
piedmont and the upper part of the lower piedmont would fulfill these
conditions and, for the far north, only a small area of naturally humid lands
on the lakeshore plain would permit successful cropping. Even today, with
4-month varieties of maize, many villages in the northeast plant barley rather
than maize, and, in essence, are cash farmers. By the end of the First
Intermediate period, with the appearance of a 4-month variety of maize, we
have the initiation of a substantial colonization of the alluvial plains in the
centra] regions. The naorthern portion of the Basin, however, seems to have
been virtually unoccupied until the First Intermediate Four phase.

Another deterrent in the expansion of population into certain zones
would lie in the feedback relationships between the political system and the
exploitative pattern. Even with a 6-month growing season, or with the
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availability of 4-month maize, large scale drainage and irrigation system
projects in the alluvial plain probably could not have been carried out until a
point in time when the sociopolitical groupings were sufficiently centralized
to mobilize the kind of labor required.

For the Late Horizon, applying our model of intensive agriculture, as-
suming highly centralized political organization, and varieties of maize
adapted to all of the various niches of the Basin, we estimate that 80% of the
alluvial plain could have been cultivated, two-thirds of the lands in the lower
piedmont, one-half of the lands in the middle piedmont, and approximately
one-third of the lands in the upper piedmont. This is an average figure for
the Basin. In fact, in some lands within these categories the percentage of
cultivable land would be substantially higher or lower. For example, in the
upper and middle piedmont of the Xochimilco area only a tiny fraction of the
land is cultivable; much of it is volcanic waste land. On the other hand in the
upper piedmont of the Texcoco region the cultivable land factor is relatively
high.

Population Pressure and Agricultural Intensification

Tables 6.17-6.18 (pages 217-218) and 9.2-9.3 provide the reader with a
summary picturc of the prehispanic demographic history of the Basin by
region—the carrying capacity of the Basin of Mexico, with a land use factor of
3 and with intensive agriculture—and should be referred to for clarification of
the discussion to follow. Excluding the Pachuca region, where we lack survey
data, the sierra, which was above the zone of agricultural utilization, and the
lakes, which were not an agricultural resource until Late Horizon times, the
total amount of cultivable land in our surveyed region is 2331 km? or 233,100
ha. Our estimate of the carrying capacity of the same area, plus the
chinampa zone in the Jakes, with intensive agriculture, is 1,250,000 people.
Cur various estimates for the population in 1519 are 800,000 (derived primar-
ily from the archacological data with documentary estimates added in for the
large cities like Tenochtitlan, Texcoco, Tacopan, and others), and 900,000 to
1,100,000 (from documentary sources alone}. This means the population had
reached from 65-88% of carrying capacity with intensive agriculture.

Considering these raw figures and particularly considering the fact that
the pre-Late Horizon population of the Basin never exceeded 250,000, the
theory that population pressure produced sociopolitical evolution would
seem to be of very doubtful utility. In fact, if we take into consideration all
the variables that limited agricultural expansion during the First Inter-
mediate, and apply Boserup’s ideas as to how the process of intensification
operates, then the model does provide a powerful explanatory framework for
at least the early stage of cultural evolution in the Basin. Assuming an
extensive system of cultivation, 47,100 ha would be available for annual
cropping, in the area of 2331 km?% We have included in this calculation the
large areas of lower and middle piedmont in the northern third of the Basin
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TABLE 9.2
Basin of Mexico: Carrying Capacity, Extensive Agriculture

Arca Land cropped
within Cultivable Cultivable  annually {in km?
Categories Basin survey land land (land use
of land area (in km?) {in km? (in percentages) {in km? factor of 5}

Sierra 1000 200 0 0 0
Pachuca region 1000 g ? ? ?
Area below 2200 m 0 140 804 112 22
Lake Ely ey [

Freshwater 160 160 0

Saline 640 640 0

Salinized shore 100 100 0
Deep soil plain 800 800

Flogdplain 200 200 80% 160 32

High water table 200 200 35%1 70 14

Well-drained 400 400 80% 320 64
Thin soil plain 400 400 80% 320 64
Upland alluvium 35 35 80% 29 b
Lower piedmont 50 956 65% 617 123
Middie piedmont 1050 350" 504% 475 95
Lpper piedmont 750 _650° 35% _228 _40

&000 5125 2331 471

Carrying Capacity

Basin and Southern half,
lower lower and Average
middle middle cultivation
Basin piedmont piedmaont factor
Early Horizon 150,000 70,000 25,000 1.8
First Intermediate 1-2 220,000 100,000 33,000 1.5
First Intermediate 3 250,000 125,000 42,000 1.2
Post-First
Intermediate 3 340,000 140,000 45,000 1.3

7 670, north half; 280, south half,
¥ &0, north half; 350 south half.
* 300, north half; 350, south half.
7 Without large scale drainage.

which were of doubtful agricultural utility during the early phases of adapta-
tion and the alluvial plain (which was only sparingly used, primarily in the
south and west). The total area classificd as cultivable Jands, assuming that
all of these lands were cultivated, would permit a theoretical maximal popu-
lation of 150,000 peopie during Early Horizon, 220,000 during the First
Intermediate One-Two, and 250,000 in Phase Three. Considering these
figures the population of the Basin did not reach carrying capacity in any
pre-Middle Horizon phase, even in terms of extensive agriculture.
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TABLE 9.3 . phases was located in that portion of the Basin, and over half the population
Basin of Mexico: Carrying Capacity, Maximal Agricultural Intensification was located there during Phase Three, quite obviousiy the population levels
_ : of this portion of the Basin were well above carrying capacity for swidden

C”;;"c‘;‘:‘r‘o“ Hectares Land 1 agricuiture by Phgge Three times, suggesting the need for some level of

Category of (seven Land use cultivable  cultivated Carrying ":i ggrlcultl{ral mtenmf;catlom Thf: process is even more dramancal.ly illustrated

land peaple) factor land in 1year capacity i IN a region by region analysis (see Maps 21, 22, and 23 to illustrate the

_ ? & discussion that follows).

Pachuca region ? ? ; ’ 0 : The pattern may be summarized as follows. By First Intermediate One

ii:cr;abelow 2200 m 1.1-2.2 1-2 11,200 7500 35,000 ' times there was a strip of settlement on the pIa‘in‘and adjacent lower pied-

Lok _ mont on the south shore of Lakes Chalco-Xochimilco where the population
Freshwater 37 1 10,000 10,000 200,000 : was very close to carrying capacity with a swidden system. Another conting-
Saline lake 60 1 (Artificially g ous strip of comparable land pressure rings the Guadalupe range on the east

desazhgéf;m) 2,500 30,000 ; and south. The balance of the population in the Basin consisted of a series of
- o ' ' : small population clusters widely spaced over the southern two-thirds of the
Salinized s!mre area.
Deep soil plain 4 . . .
Floodpiain 95 1 16,000 16,000 120,000 By the end of the First Intermediate Two phase the entire lower and
High water table 80 2 15,000 7,500 65,000 f middle piedmont, with adjacent areas of lakeshore plain, in the Lake
Well-drained—permanent _ 00 - Chaleo-Xochimilco Basin, had exceeded carrying capacity for a swidden
irrigation 40 ! 15,000 15,000 130,0 system by a factor of 2 to 3. All of the examples of utilization of the alluvial
Wfi;d’g;:]c:;l food. plain oceur at the foot of major zones of piedmont occupation or at the bases
wmﬁr irrigation 11 1-2 18,000 12,000 75,000 ] of very steeply sloping terrain. In the Texcoco region there was a continuous

Thin soit plain ' strip of settlement along the lower and middie piedmont from the Ixtapalapa

Floodwater trrigation 14 1-2 16.000 12,000 80,000 region to the Patlachique range that had now reached carrying capacity, in
Temporai 14-28 -3 1;’283 g?gg fg'ggg . terms of swidden agriculture. A comparable zone extended along the east

Ec!;ﬁ: ;Illzlc;:;:: v - ' ’ ’ 3 and south sides of the Guadaiupe range {including both plain and lower
Permanent irrigation 11 1 5,000 5,000 33,000 - piedmont), and prebably along the lower and middle piedmont west of Lake
Floodwater irrigation 14 i 20,000 20,000 90,000 . Texcoco. Further to the north were small pockets of population in the
Temporal 1.4-2.8 2 36,700 18,500 60.000 s Cuautitlan region.

Mjr'd:i;fr:::tmi(r)rr;;ntion 1.1 1 5.000 5,000 33,000 : During‘ First Intermedia‘te Thrge times the.j processes and patterps‘we
Floodwater irrigation 14 1 17,500 17.500 85,000 N have degcnbed reached their maximal expression, The Chalco—Xochlmllco
Temporal 14-28 2 20,000 10,000 33,000 F lake basin, the Ixtapalapa peninsula, and the Texcoco piedmont-Middle

Upper picdmont _ oy Papalotla river basin all reached a point where the carrying capacity of
Permanent irrigation 1.1 ! 5,000 2,000 33’833 swidden agriculture was exceeded by a factor of 2—4. The south flank of the
Floodwater imrigation - 2 Ig'ggg ;’ggg Tzluon I Teotihuacan Valley had now reached carrying capacity and a large town
Temporal 1.4-28 3 ’ J m{ |5 emerged at Teotihuacan, based, however, on drainage and permanent irriga-

i tion of the alluvial plain. Scattered pockets of population were found on the
north flank of the Teotihuacan Valley. In contrast, the Tenayuca region
If we assume that only the lower and middle piedmont were cultivable apparently underwent a process of rapid population decline (we say appar-

lands, and exclude all of the alluvial plains, the carrying capacity clrops: to
70,000, 100,000 and 125,000. Using these data, by Phase Three the populat}on
had exceeded the carrying capacity of swidden agriculture, The carrying
capacity of the southern half of the Basin only calculates at 25,000 during the
Early Horizon, 35,000 during the First Intermediate One and Two, and 42,000
duriJng the First Intermediate Three, Since virtually all the population of the
Basin during the Early Horizon and the First Intermediate One and Two

ently becausc we surveyed only 30% of the region, due to recent urbaniza-
tion, and one or two large sites in the unsurveyed area would alter our
conclusion) and virtually the entire population of the Cuautitlan region was

sites and have suggested in our model that perhaps this area was abandoned.
In cur summary of settlement history we have also suggested that this was a
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rhase of major military confrontation between the various political group-
ings, particularly between the two large ones at opposite ends of the Basin,
Teotihuacan and Cuicuilco, and this region may have been politically unsafe.
The northern third of the Basin was still uninhabited.

Our estimates of carrying capacity and of the history of population
growth in each of our survey regions, and of the Basin of Mexico as a whole,
provide strong support for Boserup’s theory. The poptulation levels and the
fact that the initial phase of the colonization of the Basin as a whole, and of
each of its regions, involved selection of those niches where the ris?: of crop
failure was least, would suggest an extensive approach te croppmg‘.The
higher values of our population estimates in those same regions in later times
when they exceeded swidden farming would further suggest a process of
agriculture intensification. In order to strengthen this latter conclusmrE, how-
ever, we need a variety of data that are independent of our calculations of
population, since these are admittedly subject to a relativgly wide error, and
more importantly, areliance only on these kinds of data is, in essence, a highly
circular argument. ‘

Innovations in the form of a number of specialized tools and techniques
of cultivation can be used as indicators of agricultural intensification. As
Boserup suggests, long fallow swidden agriculture does not require the labor
of turning over the soil; this only becomes necessary with short fallow
systems, where competition from grasses and herbaceous plants becomes a
serious problem. Soil turning tools would be an indication, therefore, of a
process of intensification. In Chapter 7 we summarized the data on toolls and
techniques for the prehispanic period. Of particular interest was the history
of the tool type we described as a hoe. Qur admittedly inadequate data do
seem to suggest that the hoe appears as a tool in each of the regions wheq our
calculation of population indicated that it had surpassed the levels permlt.ted
by extensive cultivation. It appears in the southern Basin as early as.Flrst
Intermediate Two times but not in the northern regions until the Middle
Horizon or later. It should be admitted, however, that no consistent sam-
pling of sites to control more thoroughly the distribution in time and space of
this artifact has been undertaken. .

Other possible indications of intensification are innovati9ns in tech-
niques such as tefracing, permanent irrigation, floodwater irrigation, anfi
drainage systems.EBefore we summarize the history of these. features, it
should be pointed out that under some conditions, intensification neef:l not
involve these specialized techniques, so that the absence of such techplqugs
does not preclude intensification. /Their presence, however, is certain evi-
dence of the intensification process. Contemporary studies of Highland New
Guinea agriculture, for example, demonstrate that where land surfaces have
only gentle slopes and drainage is good, intensification may involve no new
techniques and involves little more than a reduction of fallow (Wadd?ll 1972},
In other areas in New Guinea where the potentially productive agricultural
land is poorly drained, the intensification process may involve elaborate
ditch and ridge systems,
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With respect to terracing, to recapitulate, the evidence is incontro-

_ vertible for the Late Horizon, when virtually all sloping areas of the

Basin were terraced. The association of terraces with sites is made
relatively easy by the dispersed nature of the settlement systems. For
pre-Aztec times there are a number of periods and phases (Early Horizon,
First Intermediate One-Two, First Intermediate Four-Five, Middle
Horizon, and Second Intermediate One, Three) when the rural population
was nucleated in compact villages or towns and the problem of archaeological
association of such sites with nearby areas of prehistoric terracing, from
survey data alone, is considerable, We do have evidence of at least residential -
terracing for sites of the First Intermediate Two and Middle Horizon phases.
During the First Intermediate Three and Second Intermediate Two phases
rural populations were dispersed and we can, with some confidence, date
terracing from those phases. Of course, in a particalar area if we have
evidence of terracing for two phases of dispersed settlement and the inter-
vening phase of nucleated settlement was of comparable population we can
probably safely assume that terracing was present then as well.

The difficulty with all of this pre-Late Horizon data is that the dated
terraces are directly associated with residential sites {in fact if they were not
we would not be able to demonstrate their centemporaneity), and the areas
of terracing that we can actually date are therefore very small. They may be
small kitchen gardens associated with houses. This means that it is still
possible that most of the agricultural land used by the settiement did not
involve terracing as a technique. As we pointed out before, the important
data that we need are the amount of land that was actually under terracing,
for each of the villages, during each of the time phases, and this is an °
extremely difficult problem to resolve.

It should be emphasized that our philosophical position with respect to
the history of intensification is away from the idea that looks at such tech-
nigues as inventions, but rather that intensification is the product of the
necessity of increasing labor input, brought about by conditions that require
agricultural intensification. In other words, terracing, as we see it, is a
process, not an invention. To put it more explicitly, terracing is time consum-
ing and costly, and only resorted to when land availability is reduced to the
degree that the fallow cycle must be shortened. As the fallow cycle is shor-
tened, the erosion rate increases, and terracing is adopted to correct the
problem. If agricultural land is abundant and erosion rates slow, our argu-
ment is that farmers will not invest this heavy labor in terrace maintenance.
This means that the appearance of terracing in an area is no indication of jts
general use in that area, and hence is only a suggestion that some kind of
process of agricultural intensification is involved. This warning is directed to
ourselves as well as to other archaeologists, and if it seems to our colleagues
that we are presenting unnecessary problems in terms of archaeological
methods, it is because the process that we are describing is complex and the
archaeological methods we use are not always successful in obtaining the
data that iliustrate the process. What the data on tetracing suggest is that as a
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technique it appears early in our sequence and as a whole its pattern seems to
coincide with the phase in a region when population had reached substantial
levels. In this sense, the data do justify our argument that the appearance of
terracing in the various regions is an indication of population pressure.

With respect to hydraulic agriculture as an indicator of agricultural inten-
sification, the question is more complex. One could argue that its occurrence
should occur relatively late in the population history of a region since consid-
erable extra labor input is involved and the law of minimal effort would
predict its late appearance. This would be particularly true in an area like the
Basin of Mexico, where there are favorable zones of rainfali-based agriculture
with reasonably high crop security. On the other hand, in the drier regions of
the Basin, risk becomes a major factor and might stimulate its appearance at a
very early phase of colonization, as Flannery ef al. (1967) have argued for the
Valiey of Oaxaca. Convincing evidence of hydraulic agriculture does seem to
appear in the drier regions, however, only when populaticns reach substan-
tial size, so it seems that the Jaw of least effort does help to explain its
appearance. What this means is that the appearance of hydraulic agriculture
can be used as a measure of the intensification process. We will return to a
discussion of the history of hydraulic agriculture in the Basin since its
development also is closely related to the risk factor.

Agricultural Intensification and Sociopolitical Evolution

Our settlement survey, the reconstruction of population levels based on
it, and direct evidence of agricultural techniques all strongly support
Boserup's assumptions as to the nature of population growth and the impact
of such growth on agricultural intensification, and, as such, are an empirical
demonstration of the laws of biotic potential and of least effort. Whether the
data also support the corollary argument that changes in agricultural systems,
and following Netting and Carneiro, the direct effects of population growth,
are correlated with changes in social institutions is more difficult to establish
from settlement survey data alone, but our data do strongly suggest that the
model we presented on page 370 is indeed applicable to the Basin of Mexico
in First Intermediate times. The process of physical and social fissioning, as a
response to population growth, is dramatically illustrated in each local popu-
lation and settlement profile, as weil as the overall process of settlement of the
Basin. The proliferation of hamlets on the frontiers of zones of substantial
settlernent followed by subsequent shifts in settlement pattern to larger
communities in those same frontiers is, in each case, an example of the
process.

With respect to political centralization and social stratification, our data
from the survey are obviously inadequate but highly suggestive. Fortu-
nately, we do have a substantial body of excavation data that can be com-
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bined with the survey to present a reasonably clear picture. Community
differentiation between center and outlying settlements seems to correlate
very closely with population growth in each of the local regions, beginning
as early as the First Intermediate Two phase in the south, appearing as a
characteristic pattern in Intermediate Three times in the Texcoco region, and
finally appearing contemporary with the rise of Teotihuacan in the northern
portions of the Basin. Burial and residential data from a variety of excavated
sites—Coapexco, Tlatilco, E! Arbolillo, Zacatenco, Ticoman, Loma Torre-
mote, Isla de Terremote, Cuanalan, Chimalhuacan, Venta de Carpio,
Tezoyuca, and Tlapacoya-—provide interesting data on the process of rank-
ing. What all of these data suggest is that at least some incipient form of
ranking began as early as Early Horizon times, and when it appears in a local
region it is always.in those arcas where local populations are substantial and
have a tendency to be nucleated at large settlements. These larger settle-
ments, during virtually the entire First Intermediate period, also seem never
to have exceeded 2000 or 3000 people, with, of course, the two major excep-
tions of Cuicuilco and Teotihuacan. This restriction of size probably relates
to the limitations of ranking as a mechanism of social integration. The
ceremonial construction at these central sites during Phases Two and Three is
generally very small and unimposing, again with the exception of the two
major centers.

In our opinion all of our data indicate the correlation of a series of
processes, population growth, concentration of population in large settle-
ments, intensification of agriculture, and increasing significance of low-level
ranking in the sociopolitical system. Most of these political groupings, how-
ever, were probably organized along the lines of a simple chiefdom type of
organization, with severe limitations in terms of degree of political integra-
tion. The restriction of most of the population to zones of relatively low
agricultural risk through most of the period also probably retarded the
evolution of truly stratified social systems and state formation over most of
the Basin of Mexico during this time period.

HYDRAULIC AGRICULTURE AND
SOCIOPOLITICAL EVOLUTION IN
THE BASIN OF MEXICO

Our present reaction to the data from the Basin of Mexico is that a
combination of the laws of biotic potential and the law of minimal effort
provide a useful explanation of much of the sociopolitical evelution of the
Basin during the First Intermediate One~Three time period. It would be
difficult, however, to explain the revolutionary events of the First Inter-
mediate Four phase, subsequent developments during Phase Five and the
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Middle Horizon, or the fluctuations in the sociopolitical patterns betwec.en the
Middle Horizon and the Late Horizon solely on the basis of the operation of
these two factors. ' ‘

The sequences of events that occurred during this lpng span of nr'ne, from
the beginning of the First Intermediate Four ph_ase until t!1e Late Horizon, w?
feel, primarily reflect the operation of the third ecological law, the la‘“f o
minimal risk, and the effects of the feedback processes of the socm;.)ohtlcal
system itself upon the ecosystem. The major reason wf.ly'the t}'.urd _]aw
assumes greater significance during this time is because thlvs is the first time
in which there was a substantial occupation of the drier regions of th.e Basin.
Boserup’s theoretical paradigm was designed primarily on .tl.lc basis of the
data from humid regions and is most useful under the conditions where the
risk factor is minimal. In the case of the arid regions the factor of risk
probably is more significant than the operation pf the l’aw of least effo::t. |

There are two major problems in testing W1ttfogle1 5 (19':“.;?) theoretica
paradigm with the Basin of Mexico data that are very dllfferent in ngture._The
first problem is the evelutionary significance of the various hydraulic agricul-
tural systems. Were they large and economically significant enough to h{?ve
major effects on the sociopolitical evolution of the area? The second question
concerns the archaeological evidence for the history of such technlque?.
Recently there have been a number of criticisms of the value pf Wlttfogei s
(1957} theoretical concepts as applied to irrigation in the Basin of Mexico,
Basically, the criticism is that the irrigation systems were too §mall and .abls
to supply only a fraction of the food supply; thus, th‘CY neither require
complex bureaucratic management nor stimulated conflict and competition.
In this section we will offer a counterargument to these criticisms. _

With respect to permanent spring-based irrigation, we have detailed
data on two of the systems—on the San Juan Teotihuace}n system an‘d the
Texcoco Piedmont {Amanalco) system. The San Juan springs system is ap-
parently dying, according to evidence which shows thaf the output of water
has steadily declined over the past 50 years. To recap:.tulate, in the 1?205
Gamio ¢f al. (1922) estimated the flow of water at the springs to be 1000 l?ters
per second. In 1956 Sanders found the springs to‘have a f]'.owu‘wr of 580 liters
{according to the federal water regulations); at the time the% springs regulated
3652 ha of land. In the early 1960s, Millon cf al. (1962) estimated the ﬂo‘jv of
water at only 540 liters. Finally, a recent publication shows the output since

then has dropped to below 400 liters per second {Comisién Hidrolégica de la-

Cuenca del Valle de México 1968). (Current data also show greater month-
to-month variability than previously.) . .

The major cause of the declining output of the San Juan springs in the
twentieth century has been the perforation of artesian wells, both within the
Valley of Teotihuacan and in the bed of Lake Texcoco. Between 1519 and
1920, enormous amounts of land eroded in the Valley as a result of popula-
tion decline from disease, the abandonment of agricultural .lands on the
piedmont, and their conversion to grazing lands. What effect this erosion has

SRR
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had is unknown, but there may have been even more water in the system in
1519 than in 1920. Also, the long period of occupation from the First Inter-
mediate Phase One to the Late Horizon witnessed a continuous process of
deforestation, which certainly must have affected the drainage in the area to
a great degree. (See Figure 7.8, page 257, showing the twentieth-century irriga-
tion system in the Teotihuacan Valley.) Other permanent water resources on
a smaller scale were probably available in First Intermediate times; some may
still have been functioning as late as the apogee of Teotthuacan, Mooser, in
fact, has postulated the existence of a series of springs within the archaeolog-
ical zone in Middle Horizon times that provided an additional flow of 100 to
200 liters per second (Lorenzo 1968). What this means is that the Late
Horizon irrigation system could have been at least 1.7 times larger than the
recent system, and the Middle Horizon system approximately twice as large
and capable of serving a total of 7200 ha of land. In the Texcoco piedmont 31
springs were still functioning in the 1920s (see Tablc 9, }. In Table 9.4 we
have grouped the springs, not in terms of the present routing of the canal
system, but in terms of the natural drainage of the area before canalization.
(SeeFigure 7.13, page 274, which shows the spring locations and the structure
of the twentieth-century irrigation system in the Texcoco area.)

What is the agricuitural significance of the two systems? On the basis of
our studies of the contemporary system, an average yield of 1400 kilos of
maize, with minimal or no use of animal fertilizer, is a reasonable calcula-
tion. If we assume somewhat lower productivity, because less well-
developed varieties of maize may have been used in the Middle Horizori

TABLE 9.4
Texcoco Springs of the 1920s"

Water flow Irrigable arca
Irrigation system {in liters per second) {in hectares}
Rio Papalotla
Cluster 1 (springs 1-6) 280 —
Cluster 2 {springs 10-13) _ZE o
Total 303 1818
Rio Jalapango
Cluster 1 (springs 7-9) 30 —
Cluster 2 (springs 32-34) 38-48 =
Total 68-78 408-462
Rio Coxacuaco
Cluster 1 {springs 14—24) 35 —
Cluster 2 {springs 25-27) :] —
Cluster 3 {spring 28) 4 —_
Cluster 4 L2 -
Total 52 300
Grand Total 423-433 25262580

* From Sanders 1976k,
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period, this figure might be lowered to 1050 kilos. Another variable to be
considered is the percentage of irrigated land that weuld be devoted to maize
production as opposed to other crops. On the basis of patterns of land use in
the Teotihuacan Valley today (where land is devoted either to maize or to a
humidity-demanding commercial crop like alfalfa), one could argue for 100%
maize utilization. However, we have prepared two models, one calculated at
100% and the other at a 65% cultivation in maize.

Finally, to calculate the carrying capacity for the two systems we offer two
alternate subsistence models, one based on a 80% caloric intake derived from
maize, the other 65%, with the assumption that the former is generally
applicable to Late Horizon subsistence, the latter to all of the pre-Late
Horizon phases. Assuming an average per capita daily need for a total
population, all ages and both sexes, of the size and weight of the prehispanic
Mesoamerican, of 2000 keal, carrying capacity estimates for the Teotihuacan
and Amanalco irrigation systems are as given in Table 9.5.

Citing a sixteenth-century source, Palerm (1961b) reports that the
Coyoacan system served the needs of 23,000 vasallos. It is not clear what the
term vasallos refers to, but it obviously was a major system, at least compara-
ble to the Texcoco piedmont complex, Although we lack detailed quantitative

TABLE 4.5
Carrying Capacity of Permanent Irrigation, Texcoce and Teotihuacan Regions~”

85% Dependence on Maize

100% Planted in maize 62% Planted in maize
Land area 1400 kg 1050 kg 1400 kg 1050 kg
System {in hectares) per hectare  per hectare  per hectare per hectare
Contemporary
Teotihuacan system 3,600 39,600 28,800 25,740 18,720
Middie Horizon,
Teotihuacan system 7,200 79,200 57,600 49,480 37.440
Middle Horizon,
both systems 9,700 116,700 77,600 69,355 530,440
8M0% Dependence on Maize
100% Planted in maize 65% Planted in maize
Land area 1400 kg 1000 kg 1400 kg 1000 kg
Systemn {in hectares) per hectare  per hectare  per hectare per hectare
Contemporary
Teotihuacan system 3,600 32,400 21,600 21,060 14,040
Middle Horizon,
Teotihuacan system 7,200 64,800 43,200 42,120 28,080
Middle Horizon,
both systems 9,700 87,300 60,200 56,745 39,130

? From Sanders 1976b,
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data on the Cuautitlan system, in terms of the sixteenth-century population
of the area and distribution of canals on colonial maps and recent aerial
photos, it must have been minimally comparable to the Texcoco or Coyoacan
complex, Spring flow, according to Recursos Hidraulicos {Memoria de la Obra
... 1975}, exceeds that from the San Juan springs.

Taking the average yields from permanently irrigated land for the Late
Horizon (1400 kilos for the alluvial plain and 1000 kitos for the piedmont
areas), assuming the permanent water resources were maximized, that all the
land was planted in basic grains, and that the population derived 80% of
their calories from the grain products, then the permanently irrigated land
(20,000 ha) would have sustained a maximum population of 120,000 people.

With respect to floodwater irrigation it is difficult to assess the maximal
capacity of this resource. In a recent publication by the Instituto Mexicanc de
Recursos Naturales Renovables (Mesas Redondas Sobre Problemas del Valle
de Mexico, Mexico 1963) the total average annual precipitation for the Basin
of Mexico is calculated at 6,717,000,000 m® Of this, 4,704,000,000 m?
filtrates into the soil {of which 133,000,000 m? flows to the surface in the form
of springs) and 343,000,000 m? flows through the barranca-river systems.
These figures, however, refer to the present day drainage basin, a combina-
tion of artificial and natural drainage systems, that drains an area of 9600
km? We have roughiy calculated the surface drainage of our smaller region at
70% of these figures, or 240,100,000 m? In fact it would be & little higher
since those areas that the study includes, which are excluded in our studies,
such as the Apan Basin, have an average annual precipitation that is compar-
able to the drier regions of the Basin. Since irrigation water is used for very
different purposes, dependent on the season, we must break this total figure
down by seasons. The ratio of rainfall in the Basin of Mexico from winter
through the fall is approximately 1:4:10:5. This means that approximately
12,000,000 m® flows during the winter, 48,000,000 m? during the spring,
120,000,000 m® during the summer, and 60,000,000 m? during the fall,

The winter flow would have little use for agriculture. The spring flow
could theoretically be used for the same purpose as the permanent irrigation,
that is, preplanting (with the difference that the local variability year to year
would be very high). Taking the average measure of 1200 m3 per irrigation,
theoretically, the spring flow in the Basin could be used to irrigate 40,000 ha
of land. Summer irrigation is primarily used as a supplement, and the flow
for this function could be used to provide water for 100,000 ha. During the
fall, contemporary farmers use floodwater, not so much for the standing crop,
but as a technique of water storage for the spring planting. We estimate that
50,000 ha of land could theoretically be irrigated for this purpose, What the
data suggest is that 40,000 ha of land could be provided with water for
preplanting irrigation, and that the same land could be given two-three
irrigations during the growing season, to supplement the rains, and an
additional irrigation in the fall for water storage in the subsoil for the
following year. In actual fact the figures for preplanting irrigation would be
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considerably lower than this since some of the rainfall during the spring
season would fall at widely spaced intervals and in such small amounts that
there would not be enough buildup of water behind dams to allow simple
gravity irrigation. Furthermore, much of the rain falls in areas where irriga-
tion is either unnecessary or topographic sitnations make it unfeasible with
prehispanic technology.

Finally, also falling under the rubric of hydraulic agriculture is what we
have referred to as drainage agriculture, including the chinampas of the lake
system—the most productive kind of agriculture in the Basin. Considerable
areas along the lakeshore were probably characterized by swampy condi-
tions, the water table lying within a few meters of the surface. As a result of
increased cultivation, erosion, and development of irrigation—drainage ditch
networks, this zone undoubtedly went through a process of gradual lowering
of the water table between Early and Late Horizon times. Much of the
immediate lakeshore plain was probably still characterized by a relatively
high water table at the time of the Spanish Conquest and hence was charac-
terized by high yields and crop security. The extent of this zone is not
known. In the case of the chinampas, however, on the basis of Armillas’
survey of the southern lakes and Palerm’s analysis of the dike system in Lake
Texcoco, we estimate that there were approximately 12,000 ha of chinampas
in 1519

On the basis of Sanders’ study of productivity, the 12,000 ha of chinam-
pas could have sustained at least 228,000 people. This means a total popula-
tion of 348,000 or at least one-third of the population of the Basin of Mexico in
1519 could have been supported from either chinampas or permanent irriga-
tion agriculture. When one adds to these figures the area of unknown size of
drainage agriculture along the lakeshore and the use of floodwater irrigation,
then the economic significance of hydraulic agriculture in terms of the Late
Horizon population can hardly be overemphasized, and was undoubtedly
critical.

Aside from the matter of demographic capacity and crop security, hy-
draulic agriculture has another equally important economic effect—
productivity—as measured by the input-output ratio. In our discussion of
Boserup’s model of agricultural dynamics we noted that the intensification
process commonly leads to a gradual decline in input—output ratios, or
per capita income, as an economist would put it. This decline can be mea-
sured energetically, in terms of kilocalories, of work expended to produce
kilocalories of food, or in a less precise measurement, of work hours or days in
proportion te yield. In ali cases Boserup cites, intensification results in an
increase in work input per unit of land cultivated. In some cases this is
accompanied by a decrease in yield, the product of losses in soil fertility.
Even in cases when special practices may stabilize or even increase yield
however, she argues that the increases do not entirely compensate for in-
creased work input, and the result is still a decline in ratio.

The input-output ratio has obvious significance in terms of the capacity
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of households to produce surpluses to sustain non-food-producing elements
in the population. We suggest that in humid environments, where soil
fertility is a general problem, the process of intensification may result in a
decline of income to the degree that the capacity of the system to support
non-food producers, and hence complex social systemns, is seriously im-
paired. In semiarid and arid envitonments, where soil fertility is a less
serious problem, the same difficulty may arise because of the insecurity of
cropping with extensive practices. Hydraulic agriculture has such a striking
effect on productivity in semiarid and arid regions (because of the added
nutrients brought in with the water) that the increased yield and regulariza-
tion of such yields may in fact compensate for the increased labor input.

The problem of providing sufficient surpluses for market exchange and
taxation is exacerbated with a Neolithic technology. Our experimental
studies with Neolithic tools, intensive use of the land, but no irrigation,
show a work input that varies from 70~150 man days per hectare, dependent
on soil texture. Dry farming yields vary from 400 to 800 kilos per hectare,
with contemporary races of maize, and with adjustments for crop losses
during bad years. An extended family of seven would require approximately
1120 kilos of grain for its basic needs during the Late Horizon. This means
that approximately 200 man days of input into agricultural work would be
necessary to provide the caloric minima. In terms of the demands of other
kinds of work, and the limitation of work input imposed by this climatic
regime, it is doubtful that this work input could be increased by more than
50%. By adding irrigation, the increase in yields almost doubles, with only a
slight increase in labor input. Chinampa agriculture would result in a yield of )
four times the maximal yield of dry farming, with little extra labor input, thus °
enhancing enormously the capacity of the food producer to support a non-
food producing population. What our data suggest is that when agriculture
did expand into the higher risk areas of the Basin of Mexico, particularly
when the process was accompanied by increasing social stratification, then
the stimulus to develop technology to increase and regularize yields would
have been considerable.

With respect to the evidence for the history of hydraulic agriculture, the
data in Chapter 7 may be summarized as follows. During the Late Horizon,
on the basis of ethnohistoric and archaeological sources, all hydraulic re-
sources, floodwaters and permanent water resources, and virtually all natur-
ally humid lands were fully utilized throughout the Basin. Floodwater and
permanent irrigation appear as early as the First Intermediate peried in the
southwestern and west central portions of the Basin, at times when populia-
tion densities reached relatively high levels. Small-scale drainage agriculture
along the southern lake shores may also have begun that early, In the central
portions of the Basin, drainage agriculture, on a fairly substantial scale
around the San Juan springs, dates from the First Intermediate Three phase,
and permanent canal irrigation on a large scale was probably present during
the First Intermediate Four-Five, Middle Horizon time period. Floodwater
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irrigation was also apparently widely distributed in the central portions of
the Basin as well. Although drainage agriculture probably began early, and
was of considerable significance during the early phases of the growth of
Teotihuacan, the major expansion of this system of farming was during the
fifteenth century, with the large-scale conquest of the southern lakes.

In summary, the economic significance of hydraulic agriculture would
seem to be considerable. As we have argued previously the indirect effects of
the various hydraulic systems on social stratification could have been revolu-
tionary, Whether the irrigation systems were large enough to have required,
in Wittfogel's terms, an elaborate managerial bureauocracy is perhaps debat-
able. The settlement system during the period of the emergence and growth
of Teotihuacan in the Teotihuacan Valley-Texcoco regions very clearly
sugpests the presence of centralized control, but this control, we believe,
would not have necessitated a separate managerial administrative set, We
rather suggest the presence of a single power-holding institution—what the
Hunts (1976) have referred to as role embeddedness. This is not to deny that
almost certain presence of lower level officials who functioned to distribute
water and organize labor for maintenance.

The organization of the drainage of the lakes and their subsequent
conversion and use as cultivated land during the sixteenth century was
clearly a state organized and administered project, as were the subseqt'zent
public works involved in the protection of the system—the network of dikes
(a system minimally 80 km in length) to regulate the flow of water {Palerm
1973). These projects were of a scale, and the skill needed to maintain fhem_of
such a nature, that it is likely that there was a professional class of adminis-
trators to safeguard the system. Bearing in mind the limitations of our data
and the character of irrigation in the Basin of Mexico we present the follow-
ing tentative model for the functional relationship between the development
of hydraulic agriculture and the state in Central Mexico.

HYDRAULIC AGRICULTURE AND STATE
FORMATION IN THE BASIN OF MEXICO

The emergence of Teotihuacan in First Intermediate Three times as a
large town, its explosive growth in Phase Four, and its ultimate clir_nax
during the Middle Horizon reveals a process of state formation and urbanism
unparajleled in prehispanic Mesoamerica until the rise of Tenochtitlan and
the Mexica state in the fifteenth century. Although one can trace many
aspects of the Teotihuacan culture back through the various phases of the
First Intermediate period in the Basin of Mexico, its emergence represents a
revolutionary break with the past, and a complete redesign of the ecosystem
of the Basin. This redesign involves major changes in population distribu-
tion, settlement types, and environmental exploitation. ‘

In Chapter 5 we presented an analysis of the Teotihuacan ecosystem in
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terms of basic zones of resource utilization. Zone 1 was the city and its
immediate agricultural resource, basically the middle and lower alluvial plain
of the Teotihuacan Valley and the middie and lower Papalotla plain. In this
area there were virtually no rural settlements, and we argued, on this basis,
that a substantial percentage of the population of the city were farmers. In the
cited paper by Sanders ef al. (1976} we presented an agricultural mode| for
this nuclear zone. We assumed full use of hydraulic resources (the two major
spring sources at San Juan and Amanalco) and calculated the total potential of
permanently irrigated land in Middle Horizon times at 9700 ha. Physically
the two irrigated regions were separated by the Patlachique range through
maost of their extension, but merged at the lakeshore, to form one continuous
zone. Assuming 100% cropping of grain on such lands, 65% per capita
caloric intake from grains, and a yield of 1400 kilos per hectare, the irrigated
land could have supported 116,700 people. Even if we assume a lower vield,
to the First Intermediate Three level of 1050 kilos, then it still would have the
capacity to support a population of 79,200 people. In either case much of the
support of the city, with respect to staple crops, could have come from this
zone of intensive cultivation, which lay within a radius of 15 km of the city.
Differential access to the land and control of the water could have been a
major factor in the patterning of the Teotihuacan class structure and political
organization.

This pattern of land use is clearly an inconvenient one from a purely
agricultural point of view, but we must remember that Teotihuacan was also
a major craft and mercantile center. In the model of Teotihuacan economy,
Sanders, Parsons and Logan suggested a parallel to the contemporary Yoruba
of Nigeria, who also live in large nucleated settlements, and where the
household has a multifaceted economy, involving agriculture, craft, and
mercantile activities. Under these conditions the housechold is faced with the
options of what kind of settlement arrangement is most convenient. Among
the Yoruba it is apparently more convenient to reside in the nucleated
community and travel out to the outlying fields, and this is the model we are
suggesting for Teotihuacan. The remainder of the agricultural food supply for
the city could have been provided from the surplus production of the numer-
ous settlements in Zone 2, particularly if those populations were using the
irrigation resources of that region. We noted in our previous discussion that
virtually all of the population in this area is distributed in close relationship
to hydraulic resources.

We admit that this model goes far beyond the data, but the various data
that we have described previously at least suggest it as a very strong
hypothesis, and it would be very difficult to design an alternative one to
explain the population distribution and settlement types for the period in
question. The events prior to and after the establishment of the First Inter-
mediate Five-Middle Horizon ecosystem also offer strong support for the
model’s validity. For example, the large First Intermediate Three population
in the Papalotla basin vanishes during Phase Five and the region continues
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to be unoccupied during Phase Five and the Middle Horizon. A reasonable
explanation of this settlement change is that the First Intermediate Three
population moved to Teotihuacan, but continued to cultivate land in this
area. As soon as Teotihuacan lost its extracrdinary preeminence as a major
political and commercial center, the Second Intermediate Phase One popula-
tion immediately reoccupied the same zone. Presumably the colonists were
the same people who formerly lived at Teotihuacan and cultivated these lands.

In the case of the Teotihuacan Valley the process is similar, but also
different in some respects. During First Intermediate Three times a large
town emerged at the head of the irrigation system and its growth is directly
related to the initiation of canal irrigation and drainage agriculture in the
vicinity of the springs. After Teotihuacan declined as a major center, the
population of the city dropped back down to the First Intermediate Three
level and the balance of the population, the farming class of the city, was
distributed along the edge of and within the irrigated plain, precisely the
contemporary settlement system.

Basically our evolutionary and historical model of the impact of canal
trrigation on the institutions of the Basin of Mexico involves the following
stages,

(1) During the First Intermediate period a number of local groups began
to experiment with hydraulic agriculture. Many of these experiments in-
volved small-scale drainage and permanent canal irrigation. Most of the cases
occur in the drier central portion of the Basin. The immediate effect of this
shift was to cause a change from a ranked to a stratified social system. At
Teotihuacan, the zone of highest agricultural risk, the process was faster than
elsewhere and was large in scale. The result was the emergence of a town of
approximately 40,000 people by the end of the phase. As we have noted
previously, this was also a phase of intensive conilict among the various
pelitical groupings.

(2} Teotihuacan, with its advantage of size, and location near the largest
permanent irrigation system in the Basin, emerged as the major power, As a
result of the conflicts that emerged during Phase Three, the population of the
Basin of Mexico was substantially reduced during Phase Four. For reasons as
yet unclear, the remnants were not only ruled by Teotihuacan, but nucleated
at the city itself. This would, if our model is correct, be the phase of
maximum expansion of the irrigation resources of the core area.

(3} During the successive First Intermediate Five and Middle Horizon
phases Teotihuacan became a Mesoamerican as well as a local Basin of
Mexico pelitical and economic power. The city now had a secure agricultural
base, conveniently located in terms of distance and ease of control, had
developed a major extraregional commercial trade network, and had com-
pletely redesigned the ecosystem of the Basin.

The subsequent history of the Basin of Mexico involved a number of
phases of political decentralization (Second Intermediate Phases One—Three)
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and centralization {Second Intermediate Two and the Late Horizon), In the
case of the two phases of political centralization, the relationships between the
center, its sustaining area, and hydraulic resources are a virtual reproduction
of the Teotthuacan pattern (see Figure 9.1).

FEEDBACK MECHANISMS AND PROCESSES

Up until this point we have focused heavily on the operation of the three
basic laws of cultural evolution as prime movers, primarily in terms of their
economic and ultimately political effects. However, as these laws operate to
stimulate the emergence of new sociopolitical institutions, the institutions
themselves become part of the cause and effect system, and may act in a
systemic way as motivators of change.

This point was heavily stressed by Flannery (1972) in his paper, “Cultural
Evolution of Civilizations.” As social stratification becomes more intense,
along with other kinds of intrasocietal differentiation, more elaborate and
complex political controls and organization are necessary. Ultimately a pro-
fessional managerial class emerges, with little direct relationship, and often
only a very general knowledge, of the means of production at the base of the
system. Decisions as to how the environment is to be used are increasingly
made by people who are not directly exploiting it. Decisions are often made
for self-serving reasons, in terms of their own needs rather than in terms of
the functioning of the total system. Sometimes the process even creates
ecological disasters, as in the case of salinization in lower Mesopotamia, and
possibly soil erosion in the Classic Maya Lowlands. We would argue, how-
ever, that the decisions made by the ruling class are based upon our three
basic laws—but in terms of their own subsystem—not the system as a whole.
It is for this reason, we believe, that many anthropologists often see de-
cision-making in complex societies as nonecological.

We have previously discussed the effect of stratification on carrying
capacity in terms of the process of competition, both internal and external, to
the societal system. In Oscar Lewis’ {1951) study of contemporary Tepoztlan,
for example, he asserts that the village is land deficient, In fact, if one were to
take the agricultural resource of this community and divide it up equally
among the various families, there would be no land shortage. The system of
stratification, in which a substantial percentage of the land holdings are
private, produces inequities in land distribution, so that, with respect to the
bulk of the population, there is in fact land shortage. What we are assuming
is that a process comparable to this operated in prehispanic times to create
inequities of land availability to lineages or to villages.

Another kind of feedback effect relates to the character and nature of
capital works in agriculture such as canal and dam construction. In our
previous discussion of hydraulic agriculture, we suggested that the retarda-
tion of colonization of alluvial plain in several of our regions may have
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occurred because the level of sociopolitical organization that would be
needed to construct and to maintain such systems had not yet evolved. More
specifically, our reference was to the emergence of large-scale drainage works
in the alluvial plain of the Texcoco region, which may have been delayed
until a level of sociopolitical organization emerged that was capable of
mobilizing the labor for such a project. This is obviously a complex process
since the organization was available by the First Intermediate Four phase, yet
it still was not undertaken. This, however, can be ascribed to the major
reshuffling of population during that phase and use of the labor elsewhere
(i.e., the Teotihuacan Valley). It is no accident that the first large-scale
application of a system of drainage agriculture was carried out in the
Teotihuacan Valley, where both the population and pelitical organization
were available to carry it off successfully.

It may seem to the reader that we are reversing our arguments since
previously we have argued that the emergence of the state at Teotihuacan
was a product of hydraulic agriculture. In fact, we are doing precisely that,
since the relationships really are systemic in nature and it would be very
difficult to sort out the direction of cause and effect. This is particularly true
of archaeological case examples, but we have strong doubts that this can be
done even with ethnographic data. Qur argument is that if such systems are
constructed by the political leaders, then the control of the water distribution
is very apt to be a politically centralized one. Even in the cases of gradual
accretion of such systems some kind of political solution is needed to resolve
disputes and to maintain the system. As the system grows in size and
includes greater numbers of separate physical and social communities, the
potential for conflict will increase proportionately, and customary law ulti-
mately will need to include some kind of more forceful sanctions in order for
the system to function.

A more dramatic example of a feedback process of this type is the effect of
large demographic and political centers on their sustaining area. As a
generalization we would argue that the larger a political center becomes, the
greater its effect on the overall system, and this is dramatically illustrated by
the effects of Tectihuacan, Tula, and Tenochtitlan on the ecosystem of the
Basin of Mexico. In the case of Teotihuacan, what is involved is a complete
restructuring of the ecosystem, accompanied by revolutionary changes in
settlement pattern and population distribution, Major patterns that took 1500
years to evolve were suddenly and dramatically reversed or altered. This
begins with the massive relocation of at least 80% of the population of the
Basin at the city during Phase Four and ends with the reestablishment of a
new settlement system in the countryside during Phase Five and the Middle
Horizon. While it can be argued that a variety of ecological processes stimu-
lated and made possible these changes—that is, the rapid evolution of hy-
draulic agriculture and consequent colonization of the alluvial plains, and the
appearance of new varieties of maize—it would be difficult to argue simple
linear causation here. The location of the city and its early growth are clearly
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related to a set of ecological factors and processes as we have described, but
our argument is that the presence of the city in First Intermediate Three times
produced its own dynamic of change. Millon (1976) has made a similar
argument, influenced by points made by Jane Jacobs (1969) in her book The
Economy of Cities, in which she discusses the dynamic effects of the city on
the countryside.

In this book Jacobs’ major thesis is that the growth of the city causes
intensification of agriculture in its immediate area. She takes the argument
one step further and insists that agriculture itself was created by a people
living in nucleated settlements (therefore classified by her as urban settle-
ments), whose economy was based on hunting and gathering of unusually
rich local resources. Qbviously, this is simply a restatement of some of
Binford’s (1968) early arguments about the origin of agriculture but with the
concept of nucleation of population added to his model, The thesis is not
supported by recent data on the history of agriculture in Mesoamerica, where
agriculture was clearly developed by populations not living in large nu-
cleated settiements. This is not, however, to deny Jacobs’ basic argument that
cities have an enormous effect upon rural settlement and the way in which
land is used in their vicinity. Her theoretical argument is of course strongly
supported by our model of Teotihuacan economy, with the various zones of
exploitation, and the role of these zones in the city’s economy. The Middle
Horizon land use and settiement system in the Cuautitlan, Temascalapa, and
Zumpango regions, and the northern flank of the Teotihuacan Valley, can
hardly be explained in terms of our population growth, population pressure,
or our hydraulic models. In all of these areas there were very small pre-First
Intermediate Five populations, and this condition was followed by explosive
growth over a very short period of time. This growth also involved planned
settlements and major use of the hydraulic resources of the area, in the form
of floodwater and permanent irrigation. Qutside of Zones 1 and 2, the
balance of the population distribution and nature of settlement makes littie
sense except in terms of the needs of the city,

The effects of Teotihuacan on the rural areas, however, go even further
afield than the Basin of Mexico, and if our model is correct we should have
included a larger region for our analysis. To explain further, we noted, in
Chapter 2, that the Proyecto Aleman included a large-scale settlement survey
of the Tlaxcala-Puebla region, under the direction of Angel Garcia Cook. At
the Paris meetings of the International Congress of Americanists we pre-
sented a comparative study of the settlement history of the Basin of Mexico
with this region. The Tlaxcala—Puebla region appears to be more precocicus
in its evolution during the Early Horizon and First intermediate periods as
compared to the Basin of Mexico. This is indicated by differences in popula-
tion size, size of major sites, evidence of site stratification, and intensifica-
tion of agriculture. In general, the evolution of the Puebla~Tlaxcala region is
approximately 300 years ahead of the developments in the Basin of Mexico.
For example, the levels that were reached in the Late Early Horizon phase in
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the former region were hardly achieved in the Basin of Mexico until the First
Intermediate One phase; developments characteristic of the First Inter-
mediate One phase were not achieved in the Basin of Mexico until Phase
Two, etc. While the explanation for this variation is undoubtedly complex,
we believe that it does relate primarily to environmental differences between
the two regions. All of central Tlaxcala, along with a large section of west
Puebla, even in areas above 2240 m, has a shorter frost season, and this
favorable situation is combined with approximately 25% more rainfall than
the Basin of Mexico (see Figure 4.1, page 83). This means that the Puebla-
Tlaxcala region was much more favorable in terms of early agriculture than
the Basin. During the long First Intermediate period, and considering limit-
ing factors previously described, this region had a much higher percentage of
cultivable land, and hence could support substantially larger populations. By
First Intermediate Three and Four times this advantage is gone and the
Basin reaches the same level as the Tlaxcala- Puebla region and ultimately sur-
passcs it.

Interestingly, the drier, cooler, northern arca around Calpulalpan and
Apizaco had virtually ne population during the First Intermediate period, yet
this area was densely settled during the First Intermediate Five-Middle
Horizon. Of even greater interest is the fact that the architectural and ceramic
styles of sites in this colonized region are identical to those at Teotihuacan,
whereas the old First Intermediate population in the south still retains inde-
pendence in ceramic styles. It seems difficult to escape the conclusion that
this northern zone was colonized directly by Teotihuacan. The distance from
Teotihuacan is comparable to that of the Cuautitlan region and should be
included as part of our Zone 2. One purpose of this colonization was
probably to provide further agricultural support for the city, but a more
important function was probably to secure trade routes to the Gulf Coast (sec
Map 20).

Another example of Teotihuacan colonization is the Tula region. This
region also had a very small pre-First Intermediate population, and yet by the
First Intermediate Five and Middie Horizon times, there was a very substan-
tial population in the area, living in large nucleated settlements, some of
which were larger than any towns in the Basin of Mexico (excluding, of
course, Teotihuacan itself, and probably Azcapotzalce). When all of the
population of the Basin of Mexico and the surrounding regions is plotted on a
map, Teotihuacan assumes a central position in terms of its distribution,
rather than a peripheral one.

This pattern of rural-urban relationships and the processes involved are
virtually duplicated in the case of Tula. The northern third of the Basin
(including the Zumpango, Cuautitlan, Teotihuacan, and Temascalapa re-
gions) are comparable in terms of settlement densities and sizes of settle-
ments to our Zone 2 during the Teotihuacan phase period, and the
Texcoco, Tenayuca, Tacuba, and Xochimilco regions are comparable to Zone
3 during Middle Horizon times. Presumably, settlement surveys north,
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east, and west of the Tula region will show a substantial concentration of
population thinning out toward the peripheries. This model would agree
very closely with ethnohistoric statements about the domain of Tula, in
which a large region north and west of the city was considered part of its
political domain. To what degree the presence of Tula changed the agricul-
tural economy of the immediate region is not clear, but recent studies by
Mastache (1976} and Crespo (1976) reveal that a substantial percentage of the
Tula region can be permanently irrigated. Our estimate from their maps is
that approximately 10,000 ha of land are capable of irrigation from several
independent, permanent, water resources (see Figure 9.1}. Their studies also
show a striking correlation of the Middle Horizon and Second Intermediate
Two settlement with the distribution of irrigated land. Our calculation is that
at least half the population of the Tula region could have been supported,
during the maximum prosperity of the city, by the production from these
irrigated lands.

Tencchtitlan illustrates similarities and differences in the rural-urban
relationships when compared to Teotihuacan and Tula. A major distinction
is the fact that the intensification process had been completed over the entire
Basin of Mexico. Nevertheless the growth of the city is closely and clearly
related to the expansion of drainage agriculture on the lakeshore, and most
particularly, to the colonization of the lakes themselves, Much of this coloni-
zation was organized by the state, which, throughout the Late Horizon, was
a major entrepreneur of irrigation works. As Calnek (1972) has pointed out,
based on his analysis of documentary sources, and the indirect evidence
from Armillas’ (1971) surveys of the chinampas, the expansion of chinampa
agriculture was essentially a fifteenth-century phenomenon and was a
planned colonization. Calnek’s major point is that existing state organiza-
tions were the entrepreneurs that created the chinampa area as an agricul-
tural resource, and the evolution of chinampa agriculture did not produce the
Late Horizen states. Once created, however, it is equally clear that the use of
these lands enormously modified the Aztec political system, its economic
institutions, and the stratification of Aztec society, a classic example of our
suggested feedback process. Furthermore, although intensive agriculture
was practiced all over the Basin of Mexico in 1519, approximately 40% of the
population was concentrated in an area of 600 km? around the city, thus
reproducing the pattern of population imbalances we described for the ear-
lier cities. This was made possible by the evolution of drainage agriculture,
and it must have been a powerful factor in promoting stability to the political
system.

In recent years there has been an increasing focus on foreign trade as a
mechanism in state formation. We do not see this as a productive line of
research, at least for prehispanic Mesoamerica, for a variety of reasons. In a
book by Howard Odum (1971) a very important theoretical point is made
about human energy systems. Virtually the entire continuum of societies
studied by anthropologists, from bands to preindustrial states, can be
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classified into one type of energetic system, one in which the great majority
of the energy produced is consumed within the local community, and con-
versely most of the energy consumed is produced within that community.
Even within communities a substantial percentage of energy utilized and
consumed is within the family. Energy flow between families, and particu-
larly between physical communities, therefore, has a relatively low value.
The actual range is probably from 5% to 30%. To the cultural evolutionist, of
course, this is a significant variation, and is thus the focus of this analysis.
The range, however, does seem insignificant when one compares it to mod-
ern industrial societies where energy flow from and to communities probably
everywhere exceeds 95%. The larger the geographic region the greater the
contrast between industrial and nonindustrial societies. The limiting factor
in nonindustrial societies clearly relates to the Auntan energetic costs of
production and distribution.

The meaning of these points to studies of the ecosystem of ancient states
and their centers seems obvious. First, the major determinants of social
stratification must be sought in terms of differential control or access to basic
resources within a relatively short radius of those centers. Even in societies
where animal power is utilized, the major source of power is still human
energy; hence the control of agricultural land is the most significant single
factor affecting stratification. Second, the life support radius for central
places, whether urban or nonurban, must be a relatively short one for those
goods that are both bulky and consumed at a rapid rate. Lightweight goods,
with low consumption rates and limited use, can of course be brought from
considerably greater distances, but these goods have only a marginal effect
on the functioning of the ecosystem.

Obviously, following this model, the significance of long-distance trade,
in an energetic sense, will be proportional to the efficiency of the transpor-
tation and production systems. The case of Mesoamerica involves primitive
transportation, in most cases the human back, and equally primitive produc-
tion systems. To take the specific case of Middie Horizon Teotihuacan,
accepting Spence’s cstimate of the number of people at Teotihuacan who
produced obsidian for the long-distance market, assuming that a comparable
ratio of local to foreign producers was characteristic of the other crafts, then
maximally 20,000 people should be involved in foreign trade, or less than
10% of the population of the Basin of Mexico. In fact this number was
undoubtedly much less since we know that many of the major crafts, such as
ceramics and ground stone, were nearly entirely for local consumption. It is
doubtful that more than 10,000 people actually derived a substantial percent-
age of their incomes from the long-distance trade, at the peak of
Teotihuacan’s history.

With respect to local or internal trade, on the other hand, the movement
of goods from household to household was undoubtedly considerable, and,
in Odum’s terms, the transfer of energy was close to the maximal of the range
for preindustrial societies. In a previous section we have described the Aztec
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redistribution system in which a substantial percentage of the goods used by
the average household was obtained through the market system, or through
the tax redistribution network.

In two papers Sanders (1955, 1968) has argued that the great microgeo-
graphic complexity of Mesoamerica both permitted (in the sense of the short
distance to zones of differential production) and stimulated (in the tendency
of localization of resources) an intensive pattern of economic symbiosis,
particularly in highland regions. Following this theoretical argument, out of
the need to safeguard these exchange networks, political centralization de-
veloped. Beside the need to safeguard the system, its control, like hydraulic
agriculture, altered the political positions themselves that were designed to
regulate them, and provided added opportunities for status occupants to
expand this political power. An additional aspect of the theoretical argument
is that the great frequency and regularity of market encounters would reduce
the parochiality of local group feeling and act to validate the large political
system. The model was designed on the basis of contemporary and Late
Horizon patterns of the settlement, population, and resource utilization,
where all environmental zones were inhabited, and one would expect very
clearly defined territorial rights over such resources by the local community.

The model is probably very useful in explaining the degree of integration
achieved by local and supralocal states during the Late Horizon. In Sanders’
original formulation, however, the purpose was to explain how centralized
political systems emerged in earlier times. it was seen as a mechanical
process brought about by the need for exchange. The very divergent settle-
ment system from earlier times, particularly during the First Intermediate
period, when the first stages of political centralization were achieved,
weakens considerably the explanatory value of this model. For example, not
only was virtually all of the First Intermediate population distributed in a
narrow band along the lower-middle piedmont, but much of it was in a
dozen or so communities. Each of these central communities presumably had
control of a territory that extended upslope and downslope from the zone of
cultivation, in many cases from the sierra to the lakeshore. The location of
settlements is such that nearly all resources are readily accessible. If economic
specialization and symbiosis were important it would be among segments of
the same physical community. Local specialization therefore would not seem
to be a variable that stimulated the evolution of simple chiefdoms or small
states during this period. The growth of large central communities, however,
would act as a stimulus toward internal specialization, particularly as the
overall population in the agricultural strip approached carrying capacity.

The localized distribution of resources with respect to the Basin as a
whole, however, could have been a factor in the evolution of the larger
centers and states during the First Intermediate Three-Four~Five, Middle
Horizon, Second Intermediate Two, and Late Horizon phases and periods,
since a number of key resource have very limited distribution in the Basin,
and would not be locally accessible to small states. Among these would be
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obsidian, lime, basalt, chert, fresh water reeds, protein foods, salt, and fine
quality ceramic clays.

SPFATIAL ANALYSIS AND CULTURAL EVOLUTION
IN THE BASIN OF MEXICO

Recently a number of archaeologists have attempted to apply spatial
models, derived from quantitative geography, to prehistoric situations. The
major effort has been the application of central place theory to prehistoric
societies that show clear evidence of sodal stratification and economic
specialization. To do this they have borrowed models directly from the
geographers and have applied them with very unconvincing results. We
suggest that these efforts will continue to meet with marginal success until
they return to the huge ethnographic literature to generate their own spatial
models. The basic theory behind such models in geography is undoubtedly
sound and to a great extent derives from maximization and minimization
principles in economics. The point is that the geographers” models are all
drawn from much more complexly organized sociceconomic systems than
the prehistoric societies that we have tried to apply them to. Most particu-
larly they derived from marketing ecoromies and the distribution of central
place relates very closely to the market principle of competition and profit,

Our best documented data derive from the Late Horizon, and this was
also the phase of greatest institutional complexity in terms of the prehispanic
time range. At the time of the Conquest one could define three definite levels
of community stratification. The first level included the great conurbation of
Tatelolco-Tenochtitlan and its constellation of lakeshore towns. Including
only those communities that were probably more urban than rural in their
lifestyle (Azcapotzalco, Tlacopan, Coyoacan, Huitzilopachco, Mexicaltzingo,
and Ixtapalapa), the total population of this cluster was between 200,000-
300,000 people, about 20% of the population of the Basin.

The next level includes all of the dependent centers that had resident
Hatoanis. If one counts separate physical communities this would involve
approximately 40 settlements. Counting the multiple Hafoani communities as
separate communities would raise the number to 60. These centers had
populations of 2000-20,000 people and were relatively evenly distributed
throughout the Basin, but with a strong tendency toward a lakeshore and
alluvial plain orientation. Below this level were the thousands of rural settle-
ments, varying in populations from a few score to a thousand or two, We
would estimate that perhaps 20~30% of the population lived in the second-
level communities, and the balance, 40-60%, in the rural settlements. This
distribution is a reasonable one in terms of principles of social stratification,
particularly if one assumes, as the data suggest, that a substantial percentage
of the population of the second-order communities were farmers. Texcoco’s
position, in terms of the pattern, was peculiar in that it formally ranked with



404 Theoretical Implications of the Basin of Mexico Survey

Tenochtitlan politically, and exercised suzerainty, even: up to the time of the
Conquest, over a substantial number of communities in the Teotihuacan—
Texcoco regions. Its political power, however, had suffered a sericus decline
after the death of Nezahualcoyotl, and Tenochtitlan was rapidly ernerging as
the only first-order center by 1519.

Although we have described the system as though it were a neat political
hierarchy with discrete administrative domains, in fact the social system of
the Basin was exceedingly complex and highly fluid. At the upper end were a
number of royal families with access to the surplus labor of the balance of the
population. The domains that served these families varied considerably in
size, and the dependent populations of individual flatoanis were in many
cases physically interdigited. The relationship between the noble class and
the commoners was essentially an exploitative one, although the rulers did
provide econiomic and political services,

Much has been made of the state organized redistributive economy in
the recent literature, and certainly there was a redistributive aspect to the
political system of the Basin of Mexico. The degree to which taxes of agricul-
tural surpluses were redistributed during the years of poor agricultural har-
vest is not clear, but considering the energetic limitations of Aztec agricul-
ture, we doubt that the tax in agricultural produce was sufficiently large to
sustain the entire population of one of the local states through an entire
harvest year. In the case of the larger political systems, of course, this process
could work more effectively, since small quantities of surpluses from large
areas could then be diverted to small, crisis areas that were suffering from
agricultural deficiencies. The highly localized nature of rainfall in the Basin
would make it very likely that small areas would suffer crop crises, but
unlikely that a very large area would undergo this stress. One could therefore
argue that the larger political groupings did have some redistributive
functions, and that this would be a major stimulus toward centralized politi-
cal organization. '

Another economic function of the Hatoani was to organize and safeguard
the marketplace. What is not clear from the documentary sources, however,
is whether all of the tlatoani centers had marketplaces. All cases of mar-
ketplaces that are known seem to have occurred at political centers, so there
was a coincidence in these two functions in terms of central place. What little
data we have seem to indicate that the entire range of crafts was not found in
each of the market centers and that there was considerable local specializa-
tion of markets. For example, Ecatepec was a center of salt manufacture, and
Acolman had a major dog market; most of the ceramics seemed to have been
produced at Cuautitlan and Texcoco. Tenochtitlan—Tlatelolco had the largest
market, the only one that scrved the entire Basin of Mexico and included the
entire range of products.

Another characteristic of the market system is that most transactions
really were not profit oriented, and so in this sense it was not a market
economy. Recent studies of contemporary markets in Qaxaca show that most
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exchanges, even though they are mediated by money, are not profit oriented
(Cook and Diskin 1976). The object is for pecple from one village who do not
have ready access to a particular resource or product of that resource neces-
saty for the maintenance of their lifestyle to obtain products from a village
which is located in a favorable situation. Basically, therefore, it is a system by
which a population residing in a region of great environmental diversity can
obtain all of the raw materials or finished products that are necessary for its
needs. As such the only marketplace that could concentrate all the necessary
resources was in a major political center, Analyzing the system from an
economic point of view, the prehispanic market was a special type of redis-
tributive system.

Considering the character of the natural environment, the distribution of
raw materials, the character of the market, and of the political institution, it
seems obvious that the central place models produced by geographers are of
only marginal value, even when applied to the Late Horizon settlement
system. What we need are spatial models that derive from contemporary
socioeconomic systems that are comparable to the Aztec one. When we move
to the pre-Late Horizon periods the applicability of known spatial modeis is
considerably less. What spatial model, for example, is useful for the Middle
Horizon situation in the Basin of Mexico, in which over one-half of the
population resides in a single central place, and the rest of the population is
very unevenly distributed in the surrounding area? One could argue, as we
did previously, that the significant regional unit for the understanding of the
Middle Horizon settlement system should be expanded to include some areas
outside of the Basin of Mexico; but, of course, as one moves further from the
central city, transportation costs rise to a point where these areas can no
longer be considered an important part of the immediate sustaining area of
the center. Even including these areas, we do not obtain a consistent hierar-
chical ordering of communities. The major reason why the Late Horizen
settlement system approximates most closely the known central place models
is precisely because of the considerably denser population and the location of
the central city at a very convenient spot in terms of transportation, particu-
larly involving the use of the lake system. What this does is to increase the
efficiency of transportation considerably beyond that of the Middle Horizon,
and to provide a better geographic setting for the operation of central place
principles.

Moving to the First Intermediate One period when the Basin was politi-
cally fragmented, but where we do have evidence of site hierarchy, one of the
curious characteristics of the settlement system is that each of the small
polities (for example, in First Intermediate Two-Three, and Second Inter-
mediate One and Three times) reproduces the Middle Horizon pattern on a
smaller scale. By this we mean that over half, in some cases nearly all of the
population, is concentrated in the central community and the satellite settle-
ments included only a small percentage of the total population. As in the case
of small Aztec centers, the small First Intermediate centers were essentially
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large agricultural settlernents. They were larger than the dependent rural
settlements most probably because they were located closer to more prodpc-
tive agricultural land. What all of this points out is the essentially agrarian
character of early states, and hence central place models will have to be
adapted to this very different context.

ENVIRONMENTAL CHANGE AND CULTURAL
EVOLUTION IN THE BASIN OF MEXICO

A major question that obviously would have a significant effect on the
process of prehispanic adaptation to the Basin of Mexico is the possibility of
significant changes in the environment, either natural or man made. Unfor-
tunately, most of the studies that have been addressed to this question have
focused on the macrochanges that occurred during the final stages of the
Pleistocene. What is needed is information on relatively minor cycling in
rainfall and temperature over the past 3000 years. From our previous discus-
sion it is clear that over much of the Basin even minor variations would have
striking effects on crop productivity and security.

In his 1970 report Sanders summarized the current opinion as to the
possibility of minor fluctuations in rainfall. This summary was baged on
pollen cores described by Sears (1952) and Kovar (1970), and changes in lake
levels described by Lorenzo {1956). The following sequence of events was
postulated.

1. During the Early Horizon and First Intermediate One phase lake ar}d
rainfail levels were high, and environmental conditions were quite
favorable for extensive agriculture.

2. During the First Intermediate Two phase the decline in Quercus pollen
and the lowering of the lake level indicate that conditions werc be-
coming progressively more arid.

3. During the First Intermediate Three-Four phase oak pollen and t}.m
lake level had reached a nadir, suggesting a corresponding decrease in
precipitation. .

4. An upswing to more favorable conditions occurred by the First Inter-
mediate Five phase,

5. Rainfall and lake levels then dropped during Middle Horizon and
Toltec times, but rose again to the First Intermediate One level during
the Late Horizon.

It should be mentioned that this reconstruction of climatological events
has not met with universal acceptance. For example, Kovar (1970:24) notes
that the rate of evaporation of the lakes was greater than the annual contribu-
tion of precipitation. Thus, over time one would expect the lake level to
decrease. Counteracting this process, as population densities increased
throughout the Basin, the stripping of the original forest canopy exacerbated
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the rate of s0il erosion, and the net result might have been a later risc in lake
levels. Unfortunately, these considerations do not explain why the lake level
dropped during the Second Intermediate period.

More importantly, the reconstruction is contradicted by recent studies of
the climatological history of the Puebla-Tlaxcala area, a region adjacent to the
Basin of Mexico, and situated at the same elevation. One would expect close
correspondences between the two areas and yet the sequence is almost
reversed, Conditions are described as warmer and drier than today during,
the Early Horizon, gradually become colder and wetter during the First
Intermediate, reaching a peak about the time of Christ, become increasingly
drier and warmer to about A.p. 900, when the trend is reversed, to achieve
another maximum of rainfall and minimum of temperature by a.p. 1519
(Heine 1973). Although the Valley of Qaxaca is considerably lower in eleva-
tion, {1500-1600 m), and much further from the Basin of Mexico, a recent
study of climatic conditions during the Early Horizon-First Intermediate
shows a close parallel to the Puebla—Tlaxcala profile (Flannery and Schoen-
wetter 1970}, Data from the Tehuacan Valley, at the same elevation as the
Valley of Oaxaca, in contrast, suggest that the present day climatic regime
has been fairly censtant since about 7000 . c. (5mith 1967:249), but we wonder
whether minor pulsations of a few hundred years or less would have had much
of an effect on faunai-floral species composition and distribution,

It should be emphasized in all of this discussion that the changes in-
volved are relatively minor ones, 20-30% increases or decreases in rainfall,
and variations in average annual temperature of a degree or two. Such
variation would not alter the basic problem of adaptation in the Basin of
Mexico, but they would have significant effects on crop productivity and
security. By way of evaluation, we would raise a question as to Heine's
assumption that the post-Pleistocene climatic cycling necessarily involves a
combination of colder temperature with wetter conditions and drier condi-
tions with warmer temperature. This is undoubtedly the case for the major
Pleistocene fluctuations, but there is a strong suggestion, from meteorologi-
cal data gathered at the Tacuba station in the Basin of Mexico, that over the
past 100 years there has been a correlation of low average annual temperature
with dry years. A combination of this nature would of course put even more
severe stresses on agricultural utilization of the Basin.

A very close correspondence between minor dlimatic cycling and settle-
ment history for the Basin of Mexico should exhibit the following pattern (see
Figure 9.2 for a graphic presentation of the following correlation),

I. An Early Horizon environment both cooler and drier than present;
this would limit agricultural population to a very restricted area and
explain the initially slow rate of population growth.

2. A succeeding period of increasing rainfall and increase of moan
annual temperature through the First Intermediate One-Three period,
This is a period of rapid population growth and spatial expansion.
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Figure %.2. Graph showing perfect correlation between population history and climatic change
in the Basin of Mexico.

3. A brief phase of cooler, drier conditions during the Fir‘st Inter‘mediate
Four phase. This is a phase of rapid evolution of irrigation agriculture,
relocation, and contraction of population,

4. A phase of increasingly wetter and warmer climate, coiljcident wiith
population expansion into the drier portions of the Basin—the First
Intermediate Five and Middle Horizon. .

5. A cool, dry phase coincident with the Second Intermediate One
phase, a phase of population reduction and contraction to the more
favorable portions of the Basin.

6. A warm, wet phase coincident with the explosive growth gf Tula,
large population concentration in the drier portions of the Basin, and
general expansion of the Mesoamerican frontier northward—the Sec-
ond Intermediate Two phase. .

7. A drier, colder phase, which coincides with the Second Intermediate
Three phase, a phase of population reduction and retraction south-
west to the more favorable portions of the Basin,

8. A warmer, wet phase corresponding to the Late Horizon, a phase of
maximum population growth.

Unfortunately, the postulated climatic cycling does not correspond closely
with this profile, but again it should be emphasized that very few excava-
tions have been conducted to specifically define minor climatic phasing in
the Central Plateau.

Another major question is that of pessible environmental cljlanges pro-
duced by the human utilization of the landscape. The most silgmﬁcant vari-
ables that might have feedback effects on human adaptation \.Nould be
changes in soils and the water table. If swidden agriculture was wldesprlead
during the earlier phases of colonization, one would expect some erosion,
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both gully and sheet, to result, particularly in the drier portions of the area,
since rainfall tends to be more torrential in character, and weed and crop
growth is less exuberant in such areas. It is possible that many of the deep
barrancas in the area were formed as the product of this early removal of
protective vegetation

Along with intensification of cropping regimes the emergence of terrac-
ing would decelerate this process considerably, perhaps even stabilize it. The
most massive sheet erosion clearly occurred during the Early Colonial period,
when a combination of population dedline and introduction of grazing ani-

- mais led to abandonment of many hillside lands from cuitivation, and their

conversion to pasture,

During the early phase of colonization when forests, fields, and secon-
dary bush covered the area, many streams may well have had shallow beds
and, if not permanent flows, at least periods of steady, prolonged runoff, in
contrast to the present day pattern, where even the runoff from heavy rains
flows only a few hours through the barranca system, The removal, first of
vegetation, ultimately of some of the sojl cover, would probably also affect
the water table in such a way as to lower it in the adjacent plains and reduce
the flow of water in the springs. In all probability there were numerous
springs that no longer function. Mooser has suggested that there were
springs within the limits of the Middle Horizon city that provided a flow of
100-200 liters per second. Recent measurements of the water flow for the
Amanalco and San juan springs show a steady decline since 1920, in this case
brought about primarily by the perforation of deep wells,

Armillas in his study of the chinampas of Lake Chalco—Xochimilco
(1971), has suggested that the sudden and explosive growth of chinampas in
the lakes during Late Horizon times may have been made possible by a
change in the hydrographic conditions: namely, a process of sedimentation
that reduced a body of open water to a swamp. Conceivably this sedimenta-
tion could have been produced by the three major cycles of swidden agricul-
ture: during the Early Horizon-First Intermediate One phase; during the
First Intermediate Four-Five, Middle Horizon; and finally, during the Sec-
ond Intermediate Two phase, when the southern Basin had a very small
population,



