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The continuities in the hydraulic macrosystems were
shown to be partially impeded by geomorphological
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specific level by establishing the micro- and macro-
hydraulic systems of the last thousand years of the

prehispanic era in a major Peruvian north coast valley.
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CHAPTER I
INTRODUCTION

Peru has three general ecological zones: the arid
coast, the high Andes mountains, and the Amazonian
jungle. In order for man to exploit the arid coastal
environment, it was necessary to plan, construct and
maintain irrigation networks on the barren plains. Of
eight valleys on the Peruvian north coast within the
Mochi/Chimi heartland from the Chancay in the north to
the Santa in the south, the Jequetepeque River Valley
has the second 1largest watershed and flow volume
(Moseley 1983:302-303). The Jequetepeque Valley has
approximately 3,000 hectares of river bottom that are
productive without irrigation. The remaining 85,000 ha
of the arid, elevated Jequetepeque Valley plain that was
finally placed under cultivation in prehispanic times
required an enormous effort in developing, regulating,
and maintaining hydraulic systems. The present study is
a systemic analysis of the entire prehispanic irrigation
network, both the right and left banks, of the
Jequetepeque Valley, North Coast, Peru.
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I arrived in Peru in 1975 to conduct a study of the
prehispanic valley neck site of Ventanillas, on the
Jequetepeque River. The proposed study was to account
for the development of the urban complex on and around
Cerro Ventanillas. The site consisted of a lower huaca
(pyramid) complex and urban area with an elaborate
terraced hillside residential area. After initial
reconnaissance and mapping of the site, it was
determined that various factors outside the control of
this investigator mandated a reconsideration of the

project design.

Prior to our arrival, a group of highlanders
(infra) settled around the ancient settlement and began
socio-economically to exploit the area. The abandoned
prehispanic canal was rehabilitated and planting began
to encroach into the urban area of the site. The plaza
area in front of the main huaca was bulldozed to provide
a soccer field for the new elementary school. After the
intervention of the Instituto Nacional de Cultura (INC)
in Trujillo, the people of the Caserio (hamlet) de
Ventanillas ceased their expansion into the ruins and
became the protectors of what remained. This recent
site alteration compelled me to change the focus of my

doctoral dissertation research.




During the Ventanillas reconnaissance period, I was
able to document the recent rehabilitation of the
prehispanic canal system by the campesinos (peasant
farmers) of that community. It became obvious that the
laudable efforts of a hard working group of people to
improve their 1lot in 1life was at the same time
destroying a remaining piece of history that contained
clues to hundreds of years of proven hydraulic
technological advances of their ancestors, a technology

that is elaborated upon in this thesis.

In 1975, a total of 30,000 ha were under
cultivation on both banks of the Jequetepeque River
Valley below the valley neck of Ventanillas, the natural
boundary between the coast and the highlands. We
learned that the status of the abandoned north bank
prehispanic irrigation system on the Pampa de Cerro
Colorado was also in peril. The ongoing Plan
Jequetepeque, a joint Peruvian/German venture, intended
to dam the Jequetepeque River in the cis-Andean area
above Ventanillas and connect the Jequetepeque River
with the adjacent Zafia River Valley to the north. This
need for agricultural expansion would destroy sections
of the prehispanic site of Talambo and the entire north

bank ancient Acequia Talambo irrigation system. The




ancient hydraulic network and 30,000 ha of abandoned
canals and furrowed fields, along with the prehispanic
roads and sites on the Pampa de Cerro Colorado would be
put to the plow without a through documentation of its
systemic whole. This systemic whole is singly the

largest remaining intact prehistoric irrigation system

in Peru.

There were no governmental plans to survey the arez
in question for archaeological resources. After a
reexamination of the negative ecological impact that the
proposed Plan Jequetepeque would have on the abandoned
prehispanic irrigation system on the north bank, I
decided it was most urgent that they be studied. My
initial efforts to discuss this problem with the
Ministerio de Agricultura, the agency in charge of the

dam project, finally led to a communication link between

that agency and the INC.

After my 1976-77 reports to the INC in Lima, I
later published an article on the prehispanic Talambo
Canal system (Eling 1978) with a plea for a salvage
archaeological project. Keatinge (1982a, 1982b) also
published a plea for a program of Cultural Resource
Management (CRM) of this systen. The cis-Andean area

affected by the dam project was the subject of an




intensive formal Peruvian/German CRM project in the
1980's under the direction of Dr. Rogger Ravines (1982)
of the INC and his German colleague Michael Tellenbach
(1983). It was with the urgency of recording a rapidly
vanishing system of artifacts that we began our

paleohydrological project in 1975.

After discussing my research plan with my advisors
Drs. 2Angel Palerm and Richard Schaedel, it seemed
appropriate to define the temporal boundaries from the
Middle Horizon, after A.D. 500 to the Spanish Conquest;
and to limit the spatial parameters to both banks of the
entire valley below 300 m amsl. In essence, this new
focus eventually would have a greater theoretical impact
regarding the study of the process of urban development
than the previously planned study of one site,

Ventanillas, located on the south side of the valley.

A number of factors contributed to the feasibility
of: an undertaking of this magnitude. First, the
pioneering work of Peru's first paleohydrologist, Dr.
Paul Kosok, provided a methodology for the project. 1In
addition, I had access, proffered by Dr. Richard
Schaedel, to all of Dr. Kosok's unpublished maps,

photographs, and notes of his previous fieldwork,

including a draft of his unpublished book.




We were assured cooperation and assistance by the
personnel of the Plan Jequetepeque in Pacasmayo and the
main office in Lima. Their support included 1:10,000
maps, with one meter contours of the entire valley,
aerial photographs and photomaps, soil samples, and
other geological, scientific, and hydrological studies
conducted by the German firm Salzgitter Industriebau

Gesellshaft MBH prior to implementation of the dam

project.

Archaeology in Peru, especially in the rural
valleys, is often in the hands of very qualified
avocationalists. The Jequetepeque Valley was especially
well represented by Don Oscar Lostaunau, savant and INC
Representative. Don Oscar had accompanied and guided
Drs. Kosok and Schaedel on their reconnaissance efforts
since the 1940's. His knowledge of all of the remote
hydraulic systems along with their respective nodes, or

sites, was indispensable to the completion of this

project.

The temporal and spatial reconstruction of the
macrosystems combined the wuse of aerial photo
interpretation, data transfer to accurate maps, and
ground verification. This approach countermands the

inherent liabilities of archaeological survey in an area




currently covered by migratory sand dunes and subjected

to severe wind erosion.

During the course of the fieldwork, we were able to
initiate geomorphological studies on yardangs, dune and
tectonic movements, as well as erosional channels within
quebradas as they related to and affected the settlement
patterns and hydrological regime. Analysis of the
ceramic, stone, wood, and woven materials collected from
the surface and looted graves was accomplished in the
field because of the Peruvian requirement regarding

curation of material culture within the country.

Analysis in Texas was seen as the next phase of
this project. During this period, I was able to
conclude a detailed study of the dune movements and
Yardang phenomenon of the south bank of the Jequetepeque
River Valley. Methodologies borrowed from geology were
adapted to a dune movement study and related for the
first time to hydro-archaeology. Pollen samples of

furrowed areas were analyzed at Texas A&M University

(Weir and Eling 1986).

I was able to generate the series of digitized maps
included in this study by developing an application of

Autocad Software with an IBM AT computer to freehand
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tracing of each canal segment and system. All maps are
oriented north and are accurate to within a few
percentage points. Although elevation data is only
occasionally included on the digitized maps, a
superimposition of any map in this series over the
published Salzgitter Jequetepeque 1:10,000 Maps, or any
large scale map of the Jequetepeque Valley, would yield
elevation data accurate to within one meter or less.
The time invested in the generation of this series of
maps is justified because they are, to date, the only
complete set of accurate maps, both in plotted form and
digitized on computer disk for amplification to any
scale, in existence for an entire valley prehispanic

hydrological system on the coast of Peru.

My goal in this research and dissertation was to
juxtapose the canal systems with the major valley sites,
and thereby attempt to determine the evolving (or
devolving) relationship between these systems and late
prehispanic Andean societal complexity. To that end,

the chapters have been structured as follows.

Chapter II, Theoretical Orientation, is a history
of paleohydrological studies and related theoretical
assumptions, concluding with the stated goals of this

project. Chapter 1III, Methodologies, details the




various multidisciplinary techniques, both field and
laboratory that were utilized in this paleohydrological
investigation. Chapter IV discusses the Biophysical

Environs within the Jequetepeque Valley Watershed area.

Chapter V, VI, and VII are descriptive. CcChapter V,
Traditional Technology, describes rustic canal intake
systems in detail along with the few other technological
remains. Chapter VI and VII divide the valley into
South Bank and North Bank Irrigation Systems
respectively. These two chapters rely heavily on
illustrative materials. Great care and detail was
exercised in constructing these two chapters because
this will be the only record of the soon-to-be-destroyed
canal systems. Irrigation strategies, anomalies, and
construction techniques of each system are also
described in these chapters. The canal systems are
described achronically, without time depth, to be

juxtaposed with the settlement pattern data in Chapter
VIII.

Chapter VIII, Settlement Patterns, includes a
discussion of "major site" as presented by Schaedel
(1351 and elaborated by Stumer (1954). This concept is
used 15> group settlement data in the Jequetepeque

Valley. This data also is achronic and circumscribes a



site to its maximum extension, using the Schaedel/Stumer
major site designations. Chapter IX, Interrelationship
of the Hydraulic to the Settlement Systems, describes
the published ceramic typologies from the Jequetepeque
and adjacent valleys to establish a seven period
chronology for the Jequetepeque Valley. Ceramics from
nodes along each canal were used to approximate time
frames for macrosystem utilization. Chapter X,
Conciusions, relates the collected data specifically to
the temporal parameters of the hydrological system in
the Jequetepeque Valley ' and generally, to

paleohydrological theoretical assumptions.
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CHAPTER II

THEORETICAL FRAMEWORK

THEORETICAL UNDERPINNINGS OF PALEOHYDROLOGY

This study of major irrigation systems of the
Jequetepeque Valley, Northern Peru (Fig. 1), has its
theoretical bases in the nineteenth-century speculations
of Engels and Marx. They attributed the precocious
development and subsequent excessive socio-econonic
stagnation of oriental society to the imperative need
for irrigation technology early in the transition to
food production. Marx, restating an Engels letter,
delimited the where and why in a June 25, 1863 [sic -

actual date 1853] article in the New York Daily Tribune,

stating:

Climatic and territorial relations, especially
the broad desert stretches which reach from
the Sahara across Arabia, Persia, India and
Tatary up to the highest Asian highland
conditioned artificial irrigation through
canals and water works, the basis of Oriental
agriculture. (Krader 1975:87)

Marx and Engel's area of concern was that band of arid
land stretching from North Africa, across Transcaucasia,

and through India into China.

11




Marx later elaborated this concept (Claessen and
van de Velde (1985:129-132), adding that where
irrigation technology in water scarce areas was
associated with 1large, potentially irrigable, fallow
lands, it gave rise to the "Asiatic type of society" or
mode of production from which the hydraulic societies of
India and China derived. Krader (1975:1-2) describes

the developmental sequence of Marx.

Karl Marx brought out the theory of the
Asiatic mode of production in several stages.
Before he developed that theory he swiftly
recapitulated the steps which European social
thought had taken: in his youth Marx made a
fleeting reference to the Oriental despotism,
but this characterization was a mere
theoretical flourish. 1In the second stage, or
the first actual one he addressed himself to
the concept of the Oriental society as a
whole. 1In it he brought the economic factors
at work, but paid the most attention to the
political and social characterization of the
society, and it remained at a distance from
the subject matter. This stage is represented
in his articles written in 1853 for the New-
York Daily Tribune, [for which he served as
the TILondon correspondent in the 1850's,
ibid:80] and in his correspondence with
Fredrich Engels at the time. In the next
stage, which was begun in 1857-58, he
formulated the theory of the Asiatic mode of
production in a Ggeneral way; there he
initiated the inquiry into the internal
economic relations in a specific way, and at
the same time, he set forth the legal and
political forms in their economic relations.
But he only initiated this work, which still
required further development. Moreover, he
had not yet found the characterizing term to
be applied to this new conception; this he
introduced in 1859, when he wrote for the

12
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first time of the Asiatic mode of production.
This theory was further developed in the
1860's, in the writings which culminated in
the first volume of capital.

Angel Palerm (1976, 1978), on the other hand, did
not feel that Marx had ever fully developed a theory of
the Asiatic mode of production. 1In the chapter "Marx,
Engels y Lenin sobre el Modo Asiatico de Produccidén" of
his book Modos de Produccién, Palerm (1976:99-100)

states:

En los textos de Marx y de Luxemburgo ...
aparece con cierta frecuencia tanto el término
"modo asiatico de produccién" como alguno de

sus equivalentes ("forma asiatica", "comunidad
oriental", "despotismo oriental", "modo
oriental", etc.). A pesar de esto, en las

obras de Marx y de Luxemburgo no se encuentra
un tratamiento sistematico o bien simplemente
extenso de las formas asiaticas de produccién.
La elaboracion de una teoria especial de las
formaciones llamadas orientales, por contraste
con las occidentales caracterizadas por 1la

secuencia esclavismo antiguo~feudalismo,
corresponde de manera principal a Xarl A.
Wittfogel.

Little research was devoted to the Marxian hypothesis
until the 1950's when Karl A. Wittfogel published a
series of theoretical treatises (1955, 1956) culminating

in his monumental Oriental Despotism (Wittfogel 1957).

Although Krader disagreed with Wittfogel's

treatment of various of Marx' documents and Wittfogel's
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interpretations of Marxist doctrine, both he and Palerm
felt that Wittfogel's development of the "Asiatic Mode
of Production" began a new era. Palerm (1976:114) sums
up the intellectual feeling when he says:

En la década de 1950 la teoria modo asiatico
de produccién habia comenzado a romper el
cerco impuesto por el silencio académico y por
la hostilidad politica. A ello contribuyéd
poderosamente el trabajo de un grupo de
antropdlogos interesados, de manera
primordial, en el establecimiento de las
secuencias evolutivas de las primeras
civilizaciones agrarias.

Those scholars to whom Palerm was referring
included Steward (1949), CcChilde (1946), and the
individual contributors of Irrigation Civilizations: A
Comparative Study, edited by Steward (1955b), which
included Adams, Beals, Collier, Palerm, Steward, and
Wittfogel. The latest volume dedicated to the Marxian
postulate 1is Lawrence Krader's (1975) excellent and
exhaustive intellectual history entitled the Asiatic

Mode of Production: Sources, Development and Critique

in the writings of Karl Marx.

ANDEAN AND MESOAMERICAN APPLICATIONS

In the 1940's, Paul Xosok began to validate

empirically Marxian hydraulic theory with Peruvian data.




Although his fieldwork was done in the 1940's, his
preliminary results were drafted before his death in
1959, and published posthumously in Life, Land and Water

in Ancient Peru (Kosok 1965).

In Mesoamerica, Palerm proposed a model which he
preferred to designate as the "asiatic mode of
production”. In a series of articles and books which
culminated in his "Sobre el modo asiatico de produccidén
Y la teoria de la sociedad oriental: Marx y Wittfogel:
una aplicacién a Mesoamerica", published in a 1978
Festschrift to Wittfogel, Palernm (1978) applied
Wittfogel's systemization of Marxian conjectures to the
Mesoamerican data. Palerm, along with Eric Wolf (Palerm
and Wolf 1972), applied the hydraulic thesis in
Mesoamerica shortly after Kosok began his work in Peru.
The evolution of hydraulic technology and state

formation in Mexico were found to approximate the

Peruvian pattern.

Various authors have attempted to validate the
Marxian and later Wittfogelian hypothesis in Mesoamerica
and the Middle East: Robert McC Adams (1955, 1966, and
1974) in both Mesoamerica and the Middle East; Hunt and
Hunt (1974), Millon (1973), Price (1971, 1976, 1977, and

1978), Sanders (1976), and Sanders and Price (1968), as

15



well as Sanders, Parsons and Santley (1979) in
Mesoamerica. Only Kosok (1940, 1952, 1959, and 1965),
and to some degree Nolan (1980), apply Marxian derived
formula to the prehistoric Andean hydraulic data.
Mitchell (1973, 1976) tested the hydraulic hypothesis
using contemporary ethnographic data of a Peruvian
highland community in what was the prehistoric Huari
area. Essays by Berdichewsky (1980), Espinoza (1978),
and Golte (1978), are more theoretical in their attempts
to adapt generally the oriental mode of production model
to the Andes. Other irrigation studies in the Andes,
and more specifically in Peru, that have not been guided
by the Marx/Wittfogel hypothesis, are Farrington (1974,
1978, 1980a, 1980b), Kus (1972), Moseley (1978),
Netherly (1977), Ortloff, Feldman, et.al. (1985),
Ortloff, Moseley, et.al. (1982, 1982), Pozorski and
Pozorski (1982), Rodriguez Suy Suy (1971a, 1972b),
although Farrington (1977) has taken notice of the
hydraulic thesis. Netherly (1984) presents an

impressive bibliography on the subject.

By the 1930's, Kosok had already studied and taught
mathematics, physics, geography and history, and had
become interested in testing the concept of the oriental

mode of production by personally gathering data on a



global basis in the areas of the world that were
sustained by large scale irrigation systems. Limited by
the state of technology of his day, he decided that the
task of reconstructing the evolution of oriental society
in most parts of the world was unfeasible because of
system reuse over many millennia and poor states of
preservation. By contrast, several decades later,
Butzer with more modern technology and methods, was able
to successfully reconstruct the Nile prehistoric
irrigation systems but concluded that he "doubted that
the Egyptian pattern elucidated...is applicable to other

irrigation civilizations" (Butzer 1976:111) .

In 1939, sixteen years before the publication of
the Steward (1955) volume on Irrigation civilizations,
Kosok chose the North Coast of Peru because of the
manageable size of the valley irrigation systems and
because many of the systems that had not been reutilized
were still in pristine condition. He felt the
difference between the Nile and Peruvian coastal
examples was a difference between one extended system
along one river, the Nile, and a series of independent
river systems separated by sandy deserts. Consequently,
he decided to study the Peruvian data because of the

manageability of independent valley systems.
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Kosok's  multi-disciplinary training and his
interest in explaining the hydraulic basis of the
preconquest Peruvian North Coast civilizations provided
the tools for the task. It was further facilitated by
several Peruvian assets: major canal systems could be
readily mapped; ethnohistoric sources were extant
(although untapped); access to all resources was almost
always freely given; and many of the hacienda managers
were agriculture engineers with an interest in
prehispanic hydraulic technology and archaeology. He

followed his initial visit with two later field trips.

In 1941, between Kosok's second (1940) and third
(1948) trips to ©Peru, a multi-institutional teanm
composed mostly of archaeologists was conducting a
thorough, in depth archaeological investigation of the
Viru Valley. The Viru Valley Project's sole references
to irrigation were by Willey (1953:396), in his

conclusions of the Viru study:

...by the latter part of the Gallinazo pe-
riod...the complex irrigation systens...could
have functioned only under a closely
coordinated management.

...for the Vird, we have argued that the
principal irrigation systems of the Valley
were in full operation by Late Gallinazo [A.D.
500-800] times and that were continued, albeit




with some modifications, through the Huancaco

Period [A.D. 800-1000]. (Willey 1953:411)

An important finding by Kosok, was that each major
canal intake was Jjuxtaposed to an equally important
population center or node, evidently situated to control
that canal network. Furthermore, with increasing
distance from the river water source the canals
branched, becoming dendritic, with a concomitant
decrease in node size and importance. However, Kosok
could not determine if the degree of societal complexity
manifested at canal-related sites preceded or resulted

from the hydraulic macrosystenms.

Kosok discussed the importance of intervalley canal
systems and their implications in early state formation.
Two of these systems were the Lambayeque/Leche
intervalley complex, and the Moche/Chicama intervalley
complex, north and south of the Jequetepeque Valley
respectively. According to Kosok, the Jequetepeque
Valley, along with the adjacent 2Zafia Valley to the
north, was included within the Lambayeque multivalley
complex. The Jequetepeque Valley was the southern
extreme of the Lambayeque complex with the Motupe Valley
the northern extreme. Considering Kosok's multivalley

approach and his broad level of generalizations, the
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Jequetepeque Valley was reasonably included within the

Lambayeque irrigation complex.

The limitations to Kosok's findings are illustrated
by Eling (1978, 1986), Hyslop (1984), Moseley (1978) and
his project members, Nolan (1980) and Shimada (1977,
1978) as well as the present study. Intervalley canal
networks have been confirmed by Moseley within the
Chicama/Moche Complex, by Shimada within the
Lambayeque/La Leche Complex, and by Nolan within the
latter complex at its southern extreme, connecting the
south bank of the Lambayeque River with the north bank
of the Zana River. Kosok (1965) argued the Jequetepeque
Valley was linked directly to the Lambayeque complex to
the north and Moseley (Ortloff, Moseley, and Feldman
1982:573) hypothesized that the Chicama Valley was
linked to the south. Eling disproved the direct
intervalley canal linkage hypothesis with the
Jequetepeque Valley, both from the north (Eling 1978)
and from the south (Eling 1986). The issue of
intervalley canal networks, whether the technology
needed to construct 1large hydraulic works as an
instrument of social control or a result of it, was

posed by Kosok.
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Ortloff, Moseley, and Feldman (1982:572) take
specific issue with Kosok on the La Cumbre Canal, but
understood the scope of the Kosok contribution,

explaining that:

...given the geographical scope of Kosok's
pioneering research, these are small changes;
his effort was not concerned with the details
of about how much of the multivalley network
was operational at any one point in time.

Utilizing Kosok more comprehensively, Nolan (1979:301~-

302) states that:

Kosok was the first to recognize the
importance of the intervalley irrigation
systems and to suggest their political
implications....It was also Kosok's work on
irrigation which suggested the means of
analyzing that complex whole of the northern
subarea and provided the groundwork for
according a larger, independent role to
polities located there. Kosok's work still
ranks as some of the most important ever
undertaken in Peru, and his conclusions and
methods should be accepted as valid.

Since Kosok's pioneering work, research on the
earlier and later periods of the Peruvian prehispanic
sequence has added to the understanding of the process
or stages of evolution of the hydraulic thesis (Bird

1948; Burger 1986; Engel 1966; Lanning 1967; Lumbreras

1968, 1974; and West 1977, 1979). Thus, the hydraulic



thesis can now be restated in the context of a more

specific second level generalization.

That sedentarism preceded food production in Peru
is generally accepted (Moseley 1975). The earliest
theocratic chiefdoms date from 4000 B.C. to 1500 B.C.
The big leap from sedentarism to statehocod is best
considered in a two-stage model: 1) the expansion and
contraction of chiefdoms from 1500 B.C. to A.D. 500; and
2) the transformation from chiefdom to statehood during
the A.D. 500-1250 period. Within these new parameters,

when do the irrigation systems play their most decisive

role?

Chiefdons

Lanning (1967), Carneiro (1970), and Moseley (1975)
have argued that the earliest examples of societal
aggregation, dating from 3500 B.C. to 1500 B.C.,
represented a state level or class-based society. The
rationale is that a form of corporate labor was utilized
in the construction of public buildings, generally
temples. I feel, however, that rather than representing
early forms of statehood, this period should be regarded
as an incipient chiefdom, with a shared belief systenm

that brought together the corporate labor to construct
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these temples. Shared beliefs alone are insufficient to
designate these early chiefdoms as state-based
societies. In Mesoamerica (Sanders and Price 1968) and
the Andes (Schaedel 1966a, 1972, 1979; Service 1975)

this form of organization has more appropriately been

called the pre-state.

The ceremonial center ncdes of the Chavin Period
(1500-1000 B.C.), and Chavinoid Early Horizon cultures
(1000-500 B.C.) exemplify the use of large scale
corporate labor projects yet they lack the
infrastructure that is required for statehood. The
absence of evidence for hydraulic technology that could

“héve produced a stable food production system beyond the
catchment basin, flood plain, and an occasional
ceremonial canal such as the Cumbemayo canal in the
Cajamarca region, as well as the scarcity of nodes
containing early artifacts along the identifiable canal
systems, indicate that the corporate labor effort was
directed to ceremonial constructions, not to secular,

economically based hydraulic works.

The period from 500 B.C. to A.D. 500 was the time
of the expansion and contraction of chiefdoms based on a
more stable food production system in which the

aggregating principle was shared economic and belief




systems. The principle of the dendritic system of
contour canals, based on a technology learned by trial
and error, became well established. According to Burga,
canals in the Jequetepeque Valley, distant from the
slopes or skirts (faldas) of the mountains bordering the
valley, imply that techniques for deforestation were
developed and employed to allow expansion onto the
valley alluvial fans that needed clearing before canals
and plots could be laid out (Burga 1976:28) . Most of
these imperatives were accomplished by A.D. 500. Once
canals and fields were established on the valley
alluvial fans, techniques to contrnl salinization and
drainage were developed. The early contour canal
systems can be considered microsystems, exploiting the
various micro-niches within the valleys. Canals at this
time appear to have been managed on a community 1level,
and possibly by a north bank or south bank hegemony, but

not by a valley-wide hegemony.

Statehood

The Mochica era (A.D. 500-1250) forms the early
part of the transitional phase from chiefdom to
statehood. The question arises as to what, if any,

connection exists between the expanding and shifting
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Mochica chiefdoms and the development of valley-wide
hydraulic control. If a relationship exists, the
evidence should show the same juxtaposition of nodes to
canal intakes that Kosok noted during the later Chimu
period. Schaedel (n.d.) doubted that the hydraulic

controls were a key determinant in Mochica expansion

because:

a) the nodes of the Mochica hegemony seemed to
be inappropriately located and b) positioning
within the Mochica site hierarchy within any
one valley tended tu go with community
boundaries or a cluster of adjacent
communities, rather than obeying hydrological

considerations.

Since 1970, various scholars have attempted to date
certain north coast valley systems back to ca. A.D. 500
on the Moche/Chicama complex (Farrington 1974, 1977,
1980a;, Kus 1972; Moseley 1978; Pozorski and Pozorski
1982; and Rodriguez Suy Suy 1970, 1971a, 1971b) and from
the Jequetepeque Valley north (Eling 1978, 1986; Nolan
1980; Schaedel 1985b; and Shimada 1981). Both
Schaedel's and my own fieldwork in the Jequetepeque
Valley, as well as that of Nolan in the 2Zafa and
Shimada's farther to the north in the La Leche and
Lambayeque, have shown that these northern valleys more
closely conform to Schaedel's statement on Mochica nodes

than do the valleys south of the Jequetepeque Valley.
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Briefly restated, Schaedel observed that the Mochica
settlements qua huaca (temple) complexes were improperly

located to control the canal systems.

Considering the publications of the members of Kent
Day's Royal Ontario Museum Project in Pampa Grande in
the Lambayeque Valley in the middle 1970's, Anders
(1981) in Pampa Grande and Shimada's (1978, 1981) work
in both Pampa Grande and Batan Grande, enable the scope
of generalization within this period of 1000 years prior
to Contact to be narrowed. The Mochica hegemony, during
the Moche V period (A.D. 500-750) shifted its center
north by moving the seat of power from the Huaca del Sol
in the Moche Valley to the site of Pampa Grande in the
Lambayeque Valley. Moche V occupation of the north bank
of the Moche and Chicama Valleys continued on a lesser
scale. The Jequetepeque Valley, which Kosok called the
"crossroads", provides evidence of an increasing Moche V

occupation farther to the north.

Kosok, the first to systematically study Peruvian
hydraulic societies, assumed that north coast
socioeconomic and political evolution was autogenous
with statehood being attained during Mochica times. The
empire status that was achieved during the subsequent

Chimi Period was later overthrown by the highland Inca,




who, according to Kosok, borrowed liberally from the
coastal Chimi before the culmination of the Inca empire.
However, the absence of empirical studies on the
hydraulic characteristics of the highlands precluded a

comparative analysis of hydrological techniques at that

time.

Consequently, his analysis of coastal-highland
interactions was that since the highlanders had rainfall
agriculture, and by inference, 1little necessity to
develop and maintain complex water control systems, they
were more mobile, which allowed the conquest of other
environmental zones, including the north coast. Recent
studies of the post-A.D. 500 highland societies have
shown complex hydraulic control systems in the
highlands: Anders (1986a, 1986b) on Huanta, Farrington
(1980b) and Kendall (1974, 1979) on the Cusichaca area,
Flores Ochoa (1987) in the ©Lake Titicaca basin,
Lumbreras' (1968, 1974a, 1974b, and 1978) highland data
on Ayacucho, and Sherbondy (1969) in the southern
Peruvian highlands. Schaedel, who was the scientific
editor of Kosok's Land, Life and Water in Ancient Peru,
believes that if these new studies had been available,
Kosok would have altered his coastal-highland

interaction hypothesis (Schaedel 1985a).
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Lumbreras (1978) and Ford and Willey (1949a, 1949b)
have demonstrated that the south highlands Huari
hegemony conquered the Moche and Chicama Valleys.
During the initial confrontation with the Mochica in the
valleys south of the Jequetepeque, the highlanders
pushed the Mochica elite north. As is generally the
case, when the elites are forced out, the peasants
remain and continue to occupy the 1land under new
leadership. The relocation of the Mochica elite to the
area that reached from Lambayeque to Piura, set the
stage for a later confrontation between the Mochica and
the highlanders within these northern enclaves.
Paramount chiefdoms or pristine states (Fried 1967;
Schaedel 1966a, 1985b; and Service 1975) were developing
simultaneously throughout both the coastal and highland
regions. Studies focusing on this development
demonstrate that interaction through trade, warfare, and
ideology characterize this incipient statehood period
(Menzel 1964, 1968; Schaedel 1966a, 1982; Shimada 1982;

Topic and Topic 1982, 1984, 1985; inter alia).

The highland development of a hydraulic
infrastructure during this period was progressing at the
same rate as it was on the coastal plains. Prehispanic

water control systems documented in the Tehuacan Valley,
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Mexico (Woodbury and Neely 1972), the Basin of Mexico
(Sanders et al. 1979), Mesoamerica (Flannery 1976)
Toluca and the Mexican Bajio (Eling n.d.), the American
Southwest (Doolittle 1985), the Chilca Valley, Peru
(Knapp 1982), coastal Peru (Parsons and Psuty 1975;
Moseley 1969, 1975; Smith 1979a, 1979b, 1982, 1983; and
West 1979) all have interesting parallels +to the
hydraulic developmental sequence presented by Lumbreras
(1974a, 1978) regarding the evolution of water control
systems in the highlands of Peru. In each area, check
dams, catchment basin canals and the utilization of
springs on the sides of the valleys, precede the
construction of contour canals. All evidence supports a
community level operation over the first thousand or so

years of initial development.

Coastal and highland developments during this time
deviate from the hydraulic evolutionary model. On the
coast, Schaedel (n.d.) has stated that the sites or
nodes during the Mochica period were "inappropriately
located" to indicate that hydraulic controls were "a key
determinant in Mochica expansion". In the highlands,
Nawinpukyo, the capital of the pre-Huari paramount
chiefdom, or as Lumbreras (1981:182-183) suggests, the

"local Huarpa ‘'regional' state", was strategically



located for the "control of water (irrigation) resources
and the 'agrotechnology' complex'". Whereas, Wari, the
capital of the Huari state was situated in a location
that indicated it was not "obeying hydraulic
considerations" presented by Schaedel (supra) for a
hydraulic hegemony. Its 1location better fits the
archipelago thesis of John Murra (1972), which supports
the exploitation of various ecological zones by a
controlling highland polity. The rationale of niche

exploitation was not hydraulically determined.

Kosok's research demonstrated that large inter-
valley canal systems were in place by late prehispanic
times, from as early as A.D. 800 to possibly as late as
A.D. 1530 on the north coast of Peru. Several crucial
developments in state and empire formation occurred
within this period. After Kosok, the exact
chronological and spatial parameters of these
developments were studied by investigators with
differing orientations, (Menzel 1964, 1968; Schaedel

1966a, 1972; and Shimada 1978, 1982).

THEORETICAL OBJECTIVES

My goals in this dissertation have been to carry

the study further: 1) to define more narrowly the
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nature of the macrosystem from the perspective of a
single valley, the Jequetepeque Valley, 2) to refine
the profile of the evolution, and perhaps the
devolution, of the hydraulic macrosystem, and 3) to
relate Kosok's broad generalizations to the specific
factors of the much debated North Coast socio-economic

and political development.

The purpose of this study was not to establish
whether the development of a large scale macrosystem of
water control antedated or followed state level
formation and/or consolidation, although certain
conclusions will be drawn. To establish that the two
processes are linked is of sufficient importance. Both
Kosok and Palerm asserted this linkage on a generalized
level for their respective areas of interest. I wanted

to investigate the linkage with more specificity.
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CHAPTER III

METHODOLOGIES

The reconstruction that is presented here of the
prehispanic irrigation, agricultural, and settlement
patterns has relied upon the combined use of 1) accurate
topographic maps, 2) aerial photo~interpretation,
3) ground investigation and verification, and 4) data
transfer from 1, 2, and 3 to produce an accurate set of
maps of prehispanic hydrology. This approach offsets
the liabilities of archaeological survey inherent in an
area now partially covered by migratory sand dunes and
subjected to severe wind erosion. Features of the old
topography, such as cemeteries, canals, agricultural
fields, and habitational areas, which now appear as
isolates remote from water sources which justify their
existence, can be projected from these apparently
independent features and logically 1linked to form

hypotheses about the overall system.

TOPOGRAPHIC MAPS

Salzgitter Industriebau GMBH is a German
construction firm that was contracted by the Peruvian
government in the 1970's to conduct a complete hydraulic
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feasibility study, under the auspices of Comité Especial
del Plan Jequetepeque del Ministério de Agricultura
Peruana, for the placement of a dam across the
Jequetepeque River ostensibly to more perfectly regulate
Jequetepeque water flow to the canal systens. Two
locations were seriously considered, Quebrada de Caracol
and Gallito cCiego, The latter was chosen. The maps
were only one benefit of the Plan Jequetepeque to my
project. Over 500 comprehensive soil samples were taken,
an area that included all of the abandoned prehistoric
area studied by this project. A series of aerial
photographs were also commissioned, along with
photomaps. Much of the Plan Jequetepeque maps and

results were put at my disposal.

The topographic maps include the excellent set
assembled by Salzgitter with a scale of 1:10,000 with 1,
2, and 10 m contour intervals (Salzgitter 1968c). They
show major archaeological sites, towns, the abandoned
railroad, roads, highways, canals, chacras,
(agricultural plots), algarrcba clumps and stands, sand
dunes with an elevation of 2 m or higher, and the lake
areas. The 1967 U.S. Army Corps of Engineers 1:50,000
Military Transverse Mercator Projection (TMP) Map, also

known as Universal Transverse Mercator (UTM), is based
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on the 1961 1:60,000 USAF flight with contour lines to
25 m, with intervals changing to 12.5 m in the broad
pampa regions and 1 km grid ticks. The 1966 Instituto
Geografico Militar (IGM) 1:100,000 Military TMP, also
based on the 1961 USAF flight but with contour lines to
50 m, with intervals changing to 25 m in the broad pampa
regions, but with 4 km grid ticks, were also used. The
working field notes and maps of the late Dr. Paul Kosok
were consulted on a regular basis. His maps were based
on the 1:100,000 Escuela Superior de Guerra Militar Map,
with 15 minute grid ticks, of 1938. He photographed and
enlarged sections of his maps in order to use them in
the field and more accurately map the intended features.
Nevertheless, aerial photogrammetric methods
(trimetrogon) were still in their infancy; therefore,
the accuracy, detail and the contour lines of his nmaps
restricted him from anything more than a broad overall

mapping schemne.

AERIAL PHOTO INTERPRETATION

Paul Kosok predicted in Life, ILand and Water in

Ancient Peru that:

Some more fortunate scientist of the future
will make use of a helicopter and thus clarify
all the details that our ground survey could
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not hope to do and may have at his disposal a
good set of aerial photographs of this region
[Pampa de Zafa aka Pampa de Cerro Colorado],
which undoubtedly will someday be made.
(1965:135)

The problem at that time as he understood it was:

the United States trimetrogon aerial survey of
the Pampa de Z2afia was now available, and it
provided us with a general picture of some of
the major canals to the east of the Pan
American Highway. But the aerial photographs,
while giving us an over-all picture of the
Pampa de Zafia were taken at such a great
height that many of the details essential for
our ground survey were not visible. (Kosok

1965:135)
Of the Servicio Aerofotografico Nacional del Peru (SAN)
aerial photographs, he said
aerial photographs of the Servicio also proved
of 1little use, for only short sections of
ancient canals were visible on the margins of

the cultivated areas of both the Jequetepeque
and Zafa Valleys. (Kosok 1965:135)

Aerial Photographic Sets

Four separate flights provide the aerial
photographic coverage of the Jequetepeque Valley: The
flights of May 1943 and May 1968 were flown by the
Servicio Aerofotografico Nacional del Peru (SAN) with
respective approximate scales of 1:15,000 and 1:20,000;

the flights of June 1948 and December 1961 were flown by
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the U.S. Air Force with corresponding scales of 1:40,000
and 1:60,000. The 1968 flight was commissioned by the
Ministério de Agricultura, Comité Especial de Plan
Jequetepeque and Salzgitter Industriebau GMBH for the
proposed "Gallito Ciego" Dam project. Corrected photo
composite maps, photomaps, were made from both the 1943
and the 1968 flights. The 1943 photomap has a scale of
1:15,000 while the 1968 photomap was produced in two
scales 1:20,000 (Salzgitter 1969:1S-22S) and 1:50,000

(Salzgitter 1969:23-8).

The most useful photographic tool for my research
was the 1:20,000 photomaps prepared by SAN for
Salzgitter in December 1968, based on the May 1968 SAN
Flight #168. Photo maps are prepared by utilizing only
the center sections of the 9 by 9 inch aerial
photographic contact prints, making a patchwork
composite of various photographs of a specific area. By
using the center of the contact sheets the distortion,
from lens aberration on the outer edges of the contact
prints that makes the accurate measuring of distances
impossible, is eliminated. These photomaps are produced
on 40 cm by 50 cm photographic paper sheets and include
10 km UTM grid ticks both on the outer edges and

corners. Therefore, they are 40 cm high by 50 cm wide,
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or distances of 8,000 m high and 10,000 m wide. Any
distance measuring must begin at an outer edge. All
significant mountain peaks are marked with a triangle
and cross indexed with a master sheet as to location.
The advantage of using these photomaps in a study of
canals, roads, and settlement patterns is that the
researcher is not restricted to the view in a 9" by o
contact sheet. The photo image is extended to the outer
and upper edge of the 40 x 50 cm sheet with overlapping
UTM's at the each corner allowing a complete composite

of the valley to be conveniently viewed.

Photomaps are not available for all regions of
Peru; those of the Jequetepeque and the Zada Valleys
greatly facilitated this study. The 1968 1:20,000
photomaps were used more than the 1943 1:15,000
photomaps. The larger scale of the 1943 photomaps, and
therefore the increased number of maps required to cover
a specific area compared to the 1:20,000 maps, made them
unmanageable in the field. At a scale of 1:20,000, only
22 maps were needed to cover the entire valley, and
detail and contrast were excellent on this series.
Photographic data from the halftone prints of the 1968

series at a scale of 1:50,000 allowed for direct
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transfer to the 1:50,000 IGM maps in the field without

the use of expensive equipment not available in Peru.

Stereopairs of all four flights were utilized for
this study. Not all areas of the valley were covered
within one single flight. The area covered by any one
flight depended on the purpose of that flight.
Agriculture studies covered present agricultural areas.
Salzgitter flights were interested in areas that were
predicted to be within the potential Jequetepeque
agricultural zone. This left out the southern dune
covered area. Previous military flights that covered
areas of strategic importance to the military
fortunately covered the areas missed in the agricultural
flights. By making an overlapping composite of all four
flights, all areas within the broad survey area of this
project were covered by aerial photographs. A series of
USAF high altitude oblique photographs, NASA high
altitude flights, satellite photographs, LANDSAT
imagery, and Hasselblad Shuttle photographs were only
occasionally consulted as they were only marginally
useful because the information that could be obtained
was already covered in the 1lower altitude flights.
These high altitude flights did give an excellent

general overview, but suffered from the same problem
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that Kosok had encountered in the 1940's: they supplied

little detailed information.

Aerial oblique photographs published in Doering
(1967), taken in 1953, were also used for comparison.
Stereographic pairs were viewed in the field with an
Adams pocket stereoscope with an attached height finder.
Laboratory analysis relied upon both a Fairchild F-71
Magnifying Stereoscope and the more sophisticated Bausch
and Lomb Stereo Transfer Scope with magnifications to 7X

made available by the Department of Geological Sciences,

The University of Texas at Austin.

All information obtained from the aerial
photographs was mapped and ground verified. Conversely,

the aerials often served as explanatory aids to the

surface survey.

Stereo Transfer Scope

The Bausch and Lomb Stereo Transfer Scope consists
of two eyepieces through which one can focus on each
photograph individually, like most stereo viewers. Each
eye piece can increase the power up to 7X. Photographs
are placed about 24 inches apart and the Transfer Scope

employs a series of special hinged lights the intensity
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of which are controlled by a rheostats. Adjustments in
light direction and intensity compensate for variations
in photo development, contrast, and fading, and thereby
can increase the effectiveness of the operator in
reading the aerial photos. Slightly oblique photographs
can be "straightened out" by the optical capabilities of
the Transfer Scope. Changing the magnification from one
to seven times using a stereo pair from the same series
gives the operator the flexibility of an overall view or
a highly magnified view of a very specific area.
Changes in magnification in a stereo pair from one to
seven times and varying the magnification of each
photograph in a different series, with different scales,
to note physical ground changes or for superimposition
increases the options of the interpreter. Using two
overlapping aerial photographs from different series and
at different scales can be accomplished by varying the
magnification of the eye pieces independently so that
the two photographs are seen at the same scale. This
method is useful for plotting environmental changes over
the time of the two flights and occasionally getting a

stereo view of a first or last photograph in the flight

line.
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The mirror mechanism is located approximately 50 cm
from the eyepiece and the operator. The photographic
image travels through the mirrors and back into the
eyepiece. The map material, in map mode, is received
directly from a lens, pointing straight down onto a map
from the eyepiece. This map location is comfortable for
free hand tracing or drawing. The photographic
information is received by the right eye and the map
information is received by the left eye. Adjusting the
power of each eyepiece brings the two into

superimposition for data transfer.

Plotting Dune Movements on the Pampa de Mojucape

By using the Stereo Transfer Scope with the various
sets of maps and aerial photographs, I plotted and
mapped the dune changes that took place over a 25 year
period, with 5, 7, and 13 year intervals in the
Jequetepeque Valley (Fig. 2). Finkel (1959:628), the

first person to plot dune movements in Peru, felt:

fortunate [because of the] circumstances the
SAN had taken two series of aerial photographs
of part of the Pampa de la Joya, one in 1955
to a scale of approximately 1:60,000 and the
second in 1958 to a scale of about 1:20,000.
Using this control, SAN enlarged both pictures
to a uniform scale of 1:10,000 and
rephotographed them. These corrected
negatives were then placed in the Wild
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