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SUMMARY

Assertions that marine resources of the Peruvian coast could not
have supported large populations during the Cotton Preceramic period
(2500-1750 B.C.) rest on tenuous and misleading assumptions. On the
contrary, it can be shown that preceramic populations of the Peruvian
coast depended primarily on marine resources during normal periods, and
periodically shifted to agriculture during disturbances of the marine
ecosystem caused by Ninos. Ninos are incursions of warm surface water
southward along the coast. Anomalies in the interaction of the ocean and
the atmosphere, Ninos are of varying intensities and recur on an average
of once every seven years. Great Ninos occur less frequently. According
to intensity, they inhibit upwelling and its rich phytoplankton content,
cause fish and shellfish to migrate or die, and force higher forms of
life dependent on the fish also to migrate or die.

These higher forms of 1ife can be birds, or they can be human
beings. The individuals and groups living on the Peruvian coast during
the Cotton Preceramic adapted to periodic maritime food shortages by
turning to agriculture in river valleys to tide them over. Centralized
authority developed to facilitate and maintain long-term responses to
Ninos and to counter the centrifugal tendencies of a maritime-oriented
adaptation. The distribution of preceramic monumental architecture along

the coast supports the hypothesis.
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Worcester, Massachusetts 01610
Ian Burton
Institute for Environmental Studies
University of Toronto
Toronto, Canada M5S TA4
Requests for copies of these papers and correspondence relating
directly thereto should be addressed to Boulder. 1In order to defray pro-

duction costs, there is a charge of $3.00 per publication on a subscrip-

tion basis, or $4.50 per copy when ordered singly.



Vi

TABLE OF CONTENTS

List 0f Tables . i it i ittt i ittt ensnennstennons vii
LISt Of FigUIreS. e e eereeeeesnonasonenoeenaasecnnosssosnnans vii
o T [ o o 0 £ 1
The Peruvian Marine Environment. ... ..t eiiiness  ieneasd

Anomalies of the Peru Current
Marine Productivity and Carrying Capacity
Marine vs. Terrestrial Food Sources

Shellfish as a Food Resource

The Terrestrial Coastal Environment.. ... i tei i irienerennns 2h

Climatic Anomalies
Prehistoric Environment

Natural Hazards CharacteristiCS ..t i een ettt enenensneanannss 33

Ninos as Hazards
Influences on Choice of Response

Nino Responses During the Cotton Preceramic........cecveeenvnnn. 40

Central Coast
North Coast
South Cnast

The Archeological Evidence...oi it iiinneriinienneeroeansonnas 46
CONC TS TONS s vttt tes it anneeeasonseacesnanaeraoassnaasonanneesadl

R B BN S et i it et tsesaaasanasaanssssnssssscsnsennnennennnness 55



Table

Figure

1

LIST OF TABLES

Annual Fish and Mussel Catches off the
LSt Of POrU.us it iis i inteneesesneeaesensessannesnennnnns 10

Max imum, Minimum and Mean River Discharges
in Milljons of Cubic Meters of the Coastal
RAIVEYrS Of Pl ces ittt it ittt e ernesnesenesannoanonnnan 79

LIST OF FIGURES

lLocation of Geographic Features and Towns
and Cities Cited in Text, and Rivers
Listed in Table 2..uiieeiir e eirieronnsenennoeionennass 4

Locations and Architectural Characteristics
of the Cotton Preceramic Sites in the Text............... 48

Vi






INTRODUCTION

The prehistory of the Peruvian coast, in particular that period
known as the Cotton Preceramic (ca. 2500-1750 B.C.), has recently becoine
the focus of a controversy concerning the nature and potential of mari-
time cultural adaptations. According to Moseley (1975), exploitation of
the rich marine resources of the central Peruvian coast supported large
sedentary communities that exhibited varying degrees of sociocultural
complexity during the Cotton Preceramic, and laid the foundations for the
development of intensive agriculture and state level societies by 1000
B.C. 1In Moseley's view, farming was a relatively unimportant subsistence
mode on the coast until the end of the Cotton Preceramic, when the
development of irrigation technology led to the shift of populations
inland along the coastal river valleys.

Osborn (1977) and Wilson (1981) have concluded, on the other hand,
that the productivity of marine ecosystems is too low to support high-
density populations. They arqgue that the development of sociocultural
complexity along the coast, exemplified principally by those <ites with
platforms and other types of public architecture, occurred in an agqricul-
tural rather than maritime context. Wilson contends further that
periodic disturbances of the Peruvian marine ecosystem caused hy the
Ninos produced productive bottlenecks that severely limited the human
carrying capacity of that ecosystem.

This paper suggests that all the arquments concerning the primacy of
maritime vs. agricultural subsistence on the coast during the Cotton
Preceramic are overly simplistic. They do not take fully into account
the complexity and unique characteristics of the Peruvian coastal

environment, and tend to ignore the ability of cultural systems to adapt



to temporal environmental variation. Instead, I propose that several
alternative modes of subsistence were maintained during the Cotton Pre-
ceramic, and the relative importance of each of these modes varied in
response to periodic resource fluctuations. The same climatic conditinns
(the Ninos) that temporarily reduced the carrying capacity of the marine
ecosystem also increased river discharges along the coast, thus enhancing
agricultural potentials in coastal valleys. It would be expected, then,
that populations shifted to terrestrial modes of subsistence when signif-
icanl downturns in marine productivity occurred, and returned to the
primary exploitation of marine resources when the marine ecosystem recov-
ered (Lischka, 1975).

Osborn (1977, p. 193) and Yesner (1980, p. 735) have suggested that
cultural responses to periodic resource fluctuations along the Peruvian
coast stimulated the development of cultural complexity and centralized
leadership as means of coping with those fluctuations. The frequency and
intensity of marine disturbances, however, exhibit significant vari-
ability along the coast and it seems Tlikely that the form of cultural
response exhibited similar variation. 1 argue that there were qualita-
tive differences in the kinds of cultural response and that these differ-
ences are reflected hy the differential distribution of monumental archi-
tecture along the coast during the Cotton Preceramic.

Elaboration of this hypothesis requires an assessment of marit ime
resource potentials, description of relevant features of the marine and
terrestrial environments of the Peruvian coast, and investigation of the
responses of cultural systems to temporal environmental variation gener-

ally and to natural hazards specifically.
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tong-lived, Population densities are maintained near potential carrving
capacity. [Eneray flow through such ecosvstems is velativeiyv low hecanse
food 1s mainly invested in the maintenance, rather than the rowth  of
organisms.  Biologically accoinmadated ecosystems are found primacily in
environments with little seasonal variability.

Although dominant species of the Peruvian marine ecosyst=m, such a-
the anchovy, are characteristic of physically controlled ecosystems,
species diversity is relatively high and includes several larae faunal
species.  This comhination of characteristics is probably due to the
stability and persistence of upwelling and to the flow of the Peru
Carvent, both of which maintain environmental variahles within relativeiy
narrow 1imits under normal conditions, While there s <ome seasonal
variation in primary productivity, seawater temperatures, and salinity,
the range of variation is considerably less than that in other upwelling
marvine =2cosystems (of . Gulland, 1971). Tt would be expected, then, that
species of the Peruvian marine ecosystem are stenothermal (adapted fo
narrow temperature ranges) and stenohaline (adapted to narrow salinity
ranges), and that biological productivity is closer to potential carreying
capacity than in other upwelling systems. Significant changes in theose
envirommental variables should have corvespondingly large etfects an Lhe

rest nf that ecosystem.

Anomalies of the Peru Current
The stability of the Peruvian marine ecosystem is occasionally
affected by unpredictable anomalies of several types. The principal Lype

of anomaly is the incursion of warm surface water southward along the

coast.  Although these warm water incursions may appear at any time, they



tvpical by occowy doring Bhie Periecian sipaige s o hadgoen T

Pacan phoontnena acre voafareed

fa

coastal dnhabitants hecagses Ihay gagallv

ianal anpearanc as of the Faoatortal Coanter Corvent 5o

ot daee Paguys by Thes
Abvoot BN and amve south aln
Devy Dipront wita s faver of

Gt e A gareer Eihan the i

Pt dan wac e oy

i

z]‘!‘!"

T

W

Y

aritab e

e tand

(TR ERIAE

ciat -0

iraticn of the Tonunter Cirvent,

5T

Snboman bl and

cons depable vecanl rasearch

ANty e fiase Bhe anchione 3

[

ihe

G Pl lar intersst here are the

Fooomn mar i banes resonee

fnhis ey Rerarjue by Vit e o ko b
S ioe ovdgan isins . Aotnes probilem 1y

dosd by it ferenl roocavrcher s
necarrencas . esatographers

crdterion, metenvaforgists faor
Aoy s dder ol s bhe af fee b

b inatson (Prohaska, 0T

Triese ditterent ohcnomna

it

it

o odefine

Fyevs s vien

ey o0

VoA v

as "ET ohiant CTae ey

noeee s oo afle

arithoaf Paita

e, e At

SN “5"[\»(4‘(‘ TR RR!

» frequencine ot

mAINS Ay b the Doy

RITENIEE T

Al ALTEAT G

Vb L i o el v ey ey

it
i
Loty

¢t
0
[l
e
1y
!

i Vi
i
t
o g
Vi
vy oy

P



effects of Ninos on prehistoric coastal poonlations vavely conaider i

fact, and alsn tend to emphasize the destyuctive aspects of the phen

byt

HIT

spon (Nials et 1979a, h; Hosatay, 14975; Uehovn, 1977, Wilson, fusg
Yosneo, 1980) 0 Wilson, for exampls, identiries 19 "very abmornai" and s

feast 24 "apnormal™ Ninos between 1776 and the present (1ogl. np, 10

ire

103).  The dinterval beatween these svents varies bhetween iz and M0 v
with no reqular periodicity. Wilson hases his study i pact on oan
analysis by Quinn et al. (1978) of corvelations betwern Hinos and o
matic events of the southwestern Pacific,  Tn their ciassification
strong events involve surface temperature anomalies in oxvess of 300

maderate ovents exhibit anomalies in the 2,07 -« 3.89

30

Hinos are chavacterized by anomalies in the 1T.0Y - 257 0 range. Accor -
ing to the Ouinn analysis, strong Ninos occurred 22 tines bebween L/

and the present (19785 Tabla 1), According to Schweioger o Dind | o
have oceanographic and chimatic data.  Inaderquate dala prioes Lo tnat
make an assessment of Nirflo magnitude problematic,

The diffarential effect of Ninos on marine fauna s also delhaies

Wilson assevts, for exampla, that the 1975 Nino had a devastaling »f

AU range, whi e e

i), however, the major Nife of 1891 15 the earliest Nino for which we

SAY S

[

i e

Pim

[N

AR
IS S

on the Peruvian fishing dindustry (1981, p. 95). That Nino did cagse

4

veduction of off-shore primary production and reducsd tae 1970 aon hovy

catch by 2045 however ) 1t had no affect on coastal unwelling nor on
primary production closer than 260 km from the coast {Cowles, Barher

Guillen, 1977). Additionally, according to Quinn

bn6 ), strong Ninos seriously affect the anchovy fishing industery.
classified as strong by Quinn vocurrved in 1941, 1957-5%5 ana (97 hy

fact the total fish catoh almost doobled froam 1940 to T4l and move

s

o

.



doubled from 1957 to 1958 {see Table ). The moderate Hing of 1964
however, caused a substantial decvease in the Tish careh,

Tne 1970 Nino, the strangest ovent since 1925, dealt o hilow Lot

Peryvian fishiing indistrey from which 1t has dot yet yecoversd,  Ine

inability of the anchovy to recover 35 atteibuled o part fo over-
fFishiing.  The total fish catoh dropped fvom a mazimms of Lot m i b
ons dn 1970 to 4.3 million tons in 1977 and 203wl hion tons G 19748

Craig and Pouty (1965, p. 16 classify the 1491, 1975 and 1953 fipas o

i

“veyy abnormal' events, while "abnormal"

Hinos occayred 19 1901, 191,
1921, 19232, 1939, 1941 and 1964,

[t 15 clear from the ahove that theve is TittTle agreemcnt. on too
classification and effects of most Ninn events,  In particalar, it i,

ey ident that there 1o Tittle basis for Wilson's assumpbion thist *inn
orrureing every six to 20 years reduced the cavvying capac ity of iy
Periyvian ar e soosystam to one-sixth o of normal.,  Ti oo Do caig it
fair degeee of roafidence that the most intense Ninos ) whioh oo ool i
1391

Turs and 1977, vaused severe disturbances of ihe midar Tne o o5 oo

Aalong most of the Pervvian ¢ t. Intervale between these cvents s 4

wr

and 47 years. Moderate Ninos have a move Timited dmpact on owen ine faies
and flora, occur wore fraquent iy than intense MNinos, and affeot o wnal by
partion of the Pevuvian coast

s

Tne eftects of the 1925 Nino are

soribed by Mavphy (1976 and
Lhare are numarods reports on the Nino of 1977 (voa., Daviedso, T/

Ramarpe, 1975 Valdivia, 1976; Vildoso, 190, Woaster apd Doillen, 1u7i;

Zuta et alo, 1970).  In hoth instances, the fguatorial Coonier Gt
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Tahle 1 (eontinued)

TOTAL CATCH FISH MUSSEL CATCH
YEAR (TONS) ( TOHS)

1ahy L ihe 400 A0
14960 1,530,400 2,7
1961 LA, Lan RRNIE
196/ n, B30 000 5, a0
L6 EL 000, 300 LY
1964 9,130, 700 3, b

967, S0, 900 L, a0

?'i\hﬁ 3;’/;{‘),00[‘] o ?-rll\/”l

|7 P, 135, /700 SORETY §)
Ty LEv, h20, 300 b, A0
TGN 0,245, 600 Yo
E L e, 800 L0, 2

1371 1), 606, 100) TRETY

1972 1, 70, 300 L1, 400
1974 4,144,358 4,574
1474 3,447,190 11,90
1976 4,343,175 6, 13

1977 ?,529,99Y 11,17

(Tood and Agricultare dgrganiz v i
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Shoand proreedsd south along the @ oat

first appeared off Talara
in Jate danuary,  Watar temperatures 59 o 80 Shave moema b oaned e

daaliv Tow <alinily valaes were recorded as Far sooath as Piseo (L 2y
1377, wroi e conditions south of Pisco vamainsd redattve b woraat {0at e o0

Y76, . 233, A recurvence of Hino conditions o 1977 was ot e

3

far ol as Lima (127 SV Temperatare dictoibutinns G dog toe 190
Nino dindicate abnovaial Iy nigh water fempedatuy =5 a5 Tay wonth oas Pl
Fades 167 and 139 S (Murphy, 1906, on. /=200 A Wibaon (Db, o b
nates) the duration of abnormal occanographic Sondit bons var i a0

funclbion of fabtitude, being Tongest in ths norin and shortest along b

sorbh onast,  While these values vaturn to vormat inoa catber of sondi

other parls of e ecosystem may Lake several years 1o aeoover | espe-
cially in the wmost seriously affected areas.

Troe offect of Intense Minos an macine Fauna vavy, dopeidiing v e

tivolvaed and the Lype of «ffect . A Smediate offect of Lhe wavm

vater incarsion and the cessation of upwelling 35 a sovire codnc Lo o
elimination of phytoplankton production. Mobile stenobnermal and <tonn
taline fish yetveal o colder watar under the Counler Coveont oo i ad
oul of the avea, effectively catting off the fosd supply of oias
cpecies.  fGuano hirds, whose diel consists pedmarily of ancihiovy, begin Lo
dre afF by the thousands soon after the oncel of Bino conditions,
Survivors abandon theiv nesting aroinds on off ~<hone T bands g mige ate
saifth as far as Lhe novth Chilean coasi. The extdmated qaas B
popultaticon along the Pergvian voast was educed Crom five Lo twn wi b o
by the 1977 Nide (dildosa, 1976, o, 6700 The wontiwacd pigest o e

|

quano hayds s afbep the tivst indication to inhabitants of {he vonteoal

and south coasts that a maior Nine is on the way .
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