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Sustainability: 
The Long View from Archaeology 

P.E. Minnis::' 

Abstract 

Knowledge of prehistoric human ecology is useful for 
achieving a sllstainahle future. Outlined here are 
four WHyS archaeological data arc valuahle: 1) under
standing environmcntal dynamics, including anthro
pogenic factors, 2) doculllenting ancient crops, 

inventorying prehistoric agroeeology, and 

4) building a long-term ecological perspective. 


Introduction 

The past can serve the futurc. By definition, sustainability is 
long term, so it may be useful to consider this topie from an 
archaeological perspective. People have lived in the area no\\' 
know ,lS thc southwestern United States and northwestern 
Mexico (henceforth ealled thc HW/NW) for at least l() millennia. 
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The record of their adaptations, successes, and failures offers 
information useful for hUilding a sustainahle future. 

The earliest known people of the SW/NW were small groups 
during the end of the last glaCial age in environments pro

different from today (for summaries of SW/NW archae
see Cordell (cN7; PIng 1998). As environments changed 

thcse ancient hunting-gathering peoples rcsponded 
their Iifestvles. Thcn bel1inninp 4 to 5 millennia ago, 

While most IIneient farmers 
loosely linked with otbers, Oil occasions more IIHegratea re
giollal politics with specialized economies and controlled by a 

small elite elass developed. Chaco Canyon in northwestern Ncw 
fo.Jcxico, Casas (;r:lI1des ill northwestern Chihuahua, and the 
IlollOkam of tbe Sonman Desert arc the c1earcst examples of 
stich complex societies in the SW/NW. To avoid undue overlap, 
the first section of this volul1le dealing with prehistory are di
vided geographically; Cordell foellses on tIll' northern SW/NW, 
while r emphasize the southern portion. 

I do not argue that lessons from the past arc directly appli
cablc to the present, that modern industrial and post-industrial 
nations with ever-intensifying global connections arc directly 

to the prehistoric societies of the SW/NW, small 
in the hundreds and sometimes the thou

economics tied e\osely to their local set-
r believe that there are four way,:.; by which knowl

create a sustainable 
ered here are I) 

the 

of the SW/NW call be used to 
The four relevancies eonsid

natural environments and Ull

on their 
velltorying crops, including now extinct eultigens; 3) 
ancient agricultural techniques, many of which are 
well adapted to the environments of the SW/NW; and 4) an 
awareness of the deep past. 
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Environmental Dynamics 

To maintain ecosystems, one must know what is to be main
tained, and to do that it is necessary to understand the history 
of ecological dynamics. This includes both "natural" change and 
fluctuations and the effects of prehistoric peoples on their envi
ronments. Archaeology can contribute to this goal in two ways. 
First, archaeological data have been used to document past en
vironmental conditions. Although perhaps not as worthwhile 
for this purpose as pack rat middens (e .g., Betancourt, et a!. 

and palynological sequences from nonarchaeological de
posits, nonetheless, environmental data from archaeological 
sites have been a valuable adjunct to primary data sources for 
examining environmental change (e.g., Hall 1985). 

One example from the Mimbres River 
New Mexico will provide a case study of 
mental conditions through archaeological research (for a full 
description, see LeBlanc 1983; Minnis 1985). Although this 
region is one of the most heavily looted archaeological tradi
tions in North America, work hy the Mimbres Foundation in 
1970s (as well as continuing research hy other institutions) has 
advanced our lmowledge of this region's prehistory. 

The ancient Puebloan Mimbrefios during the Classic 
Mimbres period, AD 1000-1130, are best known for exquisite 
black-on-white pottery. Their center of population was the 
Mimbres River Valley i.tself. Multiple lines of environmental 
data suggest that the stream flow of the modern Mimbres River 
is different than it was in the past. Today, the Mimbres is a fast
moving, highly channelized river. We recovered the remains of 
several species (specifically muskrat bones, cattail pollen, com
mon reed stem fragments, and bulrush seeds) that are indica
tors of a slower, more ponded flow with a marshier flood plain 
that are absent or rare today. So assuming that the hydrology of 

Archaeology is 
been as it is today, is incorrect. 

1'>Ut!CI<ll value for modelim! a second aspect 
of environmental dynamics: The com



26 New Mexico Journal of Science, Vol. 39, Nov. 1999 

mon assumption that indigenous peoples did not affect their 

envirollments is no longer tenahle , Minnis and Elisens, in 
press). As George Collier pOints out: 

Because of conceptions of "primitives" as 
mystically more "natural" than "ciVilized" pcoples, 

Hnthropologicalliterature is often cit;:c\ as evidence 

that human society is capable of a finely tuned, bal

anced harmony with its enVironment, compnrable 

to that achien:d in a successional climax. Unfortll

it is all too easy to discover examples of 
native populations living in 

with their euvirollment (Collier 1975, p 12). 

Sillce 

usuall~' for 
peoples lived in every part of the SW/NW, 

it is likel\' that anthropogenic effects were 
C0111111on. The most Widely Imown example of prehistoric an

thropogellie ecology is the possibility that early Native Ameri

eans played a role in Pleistocene faunal extinctions , Martin 

and Ricin] 91'14; Stahl 1 <)96). Unfortunately, other aspects of 

human-induced environmental change have not heen examined 

to the degree necessary. Anthropogenic fire ecology of grass-

as an example, is well known (e.g., Kay Hunter 

19(6), hut to my knowledge the effects of prehistoric humans 

on the desert grasslands of the southern SW/NW have not been 
investigated systematically. 

The Mimbres River, again, provides lin illustration, this time 

in the southern SW/NW, Here the 

and Late Pithotlse periods 
respect ivel y l. The hU Ill:! 11 popu

lation then peaked during the Classic :\1imhres period (,\[) lOOO

lU()). 1\vo Inter prehistoric occupations, Black Mountain and 
Salado, were smaller, and their cultural relationship to the 

Early Pithouse through Classic Mimbres tradition is not well 
known. 
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Estimates of hUll1an pop1llation, farming acreage 

ments, and the locations of prt:historie villa!l,t's sllg,!l,est that the 

available !load plains (the bt:st locations for fanning) were be

coming filled to support the expanded population and that (Jut

lying eornmllllitks increased in 1lI1l11her and size alld ht:eallle 

t on risk-prom:, nOll-flood plain farming. I~ased 

OlJ preelJHtatlOIl reconstructions from tree-ring data, it seel1ls 

that the first half to two-thirds of thc Classic ~Iilllhres 

was one of the most favorahle times for agriculture. with both 

fewer droughts and Icss precipitation variation. ( 

. would have been more boulltiful allli 

this time. 
Population growth probahl~' occurred during the first part of 

the Classic Mimbres period. The later half to third, in eOlltr;lst. 

was a time of more average precipitation. At this time, outlying 

villages would have likely had far more seriolls crop failures. 

With the larger population, the tradition;llmeans of 

crop failures would not have been as effective, Around All 1 U(), 
the Mimbres traditio]] as it W<lS known ended. I have 

that the in<lbilit~, of the greatly expanded Classic ~limbres 

population to sllstain itself under these trying conditions con

tributed to the dramatic 
The dynamic cultural historY of the I\limbres is matched 

its . Pollen and wood charcoal remains 

1'1'0111 sites indicate a severe reduction in 
willow and cottonwood Imt also ash, 

elder, and s\'e<lmore, during the Cl:issie ~!illlhres 

to both l'mlier and later times, 

This pattern is best explaint:d as a result of the Hood plnin 

trees heing eliminated as fields t:xpanded to support the en

larged populntion of the Classic I\limhres period. Consistl'l1t 

with the redlletion of nood plain \'egetmioll was an increase ill 

(whicb prefer open terrain) compared \\'ith eotton

). The nollen of 

/11 and 

) is Iti.~hest with the lar!!,
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est human population, suggesting suhstantial soil disturhance. 

Complicating this interpretation, however, i~: the fact that al

though weed seeds were the most uhiquitous seeds from all 

time periods, their presence from Classic Mimhres deposits is 

no grcater than during other time periods. Nonetheless, both 

the pollen and seed data clearly indicate that the ancient 

Mimhrcfios affectcd their environment in suhstantial ways. This 

one case sttldy from the Mimbres Rivcr Valley is only a single 

example of anthropogenic ecology of the southern SWf1\.TW. 

Ancient and Extinct Crops 

The loss of crop diversity, both of crop species and eultigen 
, has hecol11e a seriolls prohlem (e.g., Nabhan 19H9; 

Fowler ami r...loolley 1<)l)(». The thollsallds of domesticated spe
cies and tens of thousands of crop varieties developed during 
the past 10 thousand ycars of farming is a vital legacy neces
sary for a sllstainahle food suppl\'. Gov(.)rnmental agencics and 
nongovernmental orgnnizatiol1s, such as Native SeelVSEARCII 
in the 8\V/NW, have programs to acquire and preserve this germ
pla.sm. Indigenous cultigens hnve been a focus of these efforts. 

North America is not considered a major center of domestica
tion. Nevertheless, Native Americans of the SW/NW domesti

crops. These incJude2xtant crops such 
as Sonoran panie (PanicHlTI s01lOrum), devil's e1aw (Pro

boscidea IHU"L'[f7om). various species of the century plant or 

mescal (A~(lt'(' spp.), ;lt1d possihly the tepary bean (Phaseolw; 

aClIt{rolius vaf. aCllt((olius) (Nahhan et aL 1981; Nahhan and 

de Wet 19M; Fish et a!. 1985; Nabhan 1989). Some assume 

that indigenous peoples are now so closely assimilated with 
modern nation states that they no longer maintain traditional 

but this is not the case, as the efforts of Native Seed! 
SEARCH demonstrate. 

What about prehistoric crops that no longer exist as crops? 

There is a cyer-growing record of North American crops domes

ticated in prchistor~., but which no longer exist in their domes

6'"5 " mrr=f';-'>' ,,,..... .'-~"'-' "._ ........ w_.~.. __.~_~ ..!~~___:""'~., ______ 
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ticated form and are known only from the archaeological 

record. One of the major accomplishments of 
nists in eastern North America (where this topiC has been stud

ied most thoroughly) is the docllmentation of a whole suite of 

such domesticates including knot weed 

goosefoot (Chell()]lociiwH iJcrialHiicri 

weed (iva allll111Ul var. 7Il!1crocarpa), gourd:

pepo var. (J'v{f'era), maygrass 

little barley (Honlewn pusillwn) 

,and 
1 <)()2: 

Scarry 199,1). 
The possibility of eXtillct eilltigcns in western 0iorth Amcri

can, including tlw SW/NW, has l10t been studied as fllll\' :IS I'm 
eastcrn North Alllcric<l Sllzallne Fish, Paul Fish, and col1e,lgucs 

first showed that at le,lst one century plant ) was culti
vated ill thc Sonoran Desert, :tIllI some of tlle~e ~till t'xi~t as 
relict stands (Adams and ,\(\al11s 1!)')k; Fish ct <II. 11)k5) lkecllt 

research ill northwestern Chihuahua near the great site of 
Casas Grandes docllments for the first timc the prohable culti

vation of A.i!(I't'c in the Cl!ihllalHlall Desert (\\'hakll alld t-.IiIlllis 
Minnis et al. 1l)')l» In light of the rccent doellmentatioll 

that agave cultivation was not restricted to thc low Sonoran 
Desert, it is certainly possible that the eentury plant was culti· 
vated prehistorically in the Chihuahuan Desert north of the in

ternational border in Arizona and ~ew ~!cxic(). 
In addition to agave, thcre arc dozens of other species that 

may have been domesticated (or at kast highly m<llwgcd) hy 
people ill western North j\merie;!. Thcse plants in

Mountain heewccd (ClcoHlc sl'rnliutu), tobacco 

(Nicotiana attcml(1tcl, N. tr(i!O 11 0 ph . .."lla , and N. rUKtica), wild 

potato (Solanum jamesii), nightshade (S. triJilll1m), woltht:rry 
(Lydwn pallidum), groll ndcherry (Ph.ysa lis IOl1,!.;ij()iia, P. hede

var. lleOl?H.'"-.:icww), curley doek (RlIlIlcx 

flymenoscpalw;; ), (Ascc/pias spp.), thistle 

ncomexicmw), Mexican erucillo (Comialiu '(varllOckii \'ar 
kearl1eyi), eholla (Opulltia spp.), glohema!low (Sphaeraicca 
coccillca), pepperweed (LcpiciillHl spp.). onion (Allium spp. 
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weed (Datum spp.), amaranths/pigweeds (Amaramlw,"l 
powelli, A. hypocholldriacus, and A, lecocarpus), four-o' -clock 
(Mirabilis mutlijZora), sunflower (llelianthus spp.), locoweed 
(Astragalus spp.), goosefoot (Chenopodium berlandieri), salt
bush (Atriplex w:!lentm), blue dick (Dichelostemma p1dchella), 
sedge (Cyperus spp.), lovegrass (Eragostis orcuttiana), tansy 
mustard (DescHriania spp.), wheatgrass (Agropyron tmchy
cau[um), wild rye (Elymus 8pp.), yellow cress (Rorippa C1Jr

't'i.sliqua), cock8pur (Echnochloa spp.), sophia (DescHrainia?), 
Parry's agave (Agave parryi), and Indian ricegrass (Oryzopsis 
hymenoides) (Yarnell 1965, 1977; Winter 1974; Minnis and 

1976; Nabhan 1Wl5; Fowler 1986; Winter and Hogan 19H6; 
Bohrer 1t)f)l). 

The rapidly expanding list of now extinct <:rops may have 
substantial practical utility. Could some of these plants he 
redornesticatecj'- These crops may now be extinct, hut we know 
that their extant wild progenitors are amenable to domestica
tion by the best evidence possible: they once were crops. And 
we know that any redomcsticated species would be well 
adapted to the semi-arid to arid conditions ol' the SW/NW. 

Agricultural Techniques and Strategies 

Agriculture is more than erops; it is agroecology, 1I11.:IllUI 

strategies and techniques (e.g., Vccsey and Venables 19HO; Hurt 
1987; Altieri 19(5). Native Americans of the SW/NW deviscd 
ways of growin.!!. crops in places that were marginal or unfit for 

mechanized agriculture. Many of these techniqucs arc 
known from archaeology (Fish and Fish 191H; Toll 19(5) While 
traditional agriculture hy living Native American groups in thc 
northern SWfI\I,V has been studied [especially Hopi agriculture 

1942; Bradfield 1(71)], the dislocation and extinction of 
the vast majority of indigenous peoples of the southern SW/NW 
[With the exception of those in the Sonoran desert (e.g., 
Castetter and Bell 1942, 1952) and the Tarahumara of Chihua~ 
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hua] have left a void of information about native farming. This 
void can only be filled by archaeological research. 

Prehistoric humans farmed the SW/NM for millennia, amL 
not surprisingly, they developed a wide range of techniques and 
strategies to grow crops under difficult circumstances. Tech

most easily seen in the arci1aeolo,gical record arc irriga
tion (e.g., Doolittle 19(0), terracing (e.g., i)ol1l{in 1(79), and 
rock mulching (e.g., Lightfoot 1(96). For this diSCUSSion, I will 

agricultural techniques into four simple general catcgo
ries: irrigation, floodwater farming, rain-fed farming, and rock 

mulching. 

Irrigation Farming 
Irrigation was Widely practiced 
gins are earlier than prcvi(1I1dv rhn11(lht (J)(Jolirtle )()l)Ol. ami 

the frequency of irrigation 
The lar,~est and most famolls irrigation systcm, with more than 
500 km (J11 miles) of canals, was built hy the Hohokmn of the 
Salt and Gila River basins and "in tcrms of complexity it 
had no rival anywhere ill Mexico" (Doolittle tt)t)O, p 79). Most 
irrigation systems in the SW/NW seem to have heen small, orga
ni7.ed at a familial level of production (sec articlcs in Fish and 
Fish 19H4 and Toll 19(5). 

Floodwater Farming 
Floodwater farming locations are eOllll1lonly found 
the SW/NW and are Llsed in somc communities today (e.g., 

Nabhan 1979). Usually temporary featun.:s divert surfacc water 
runoff immediately following rains. At times tloodw(lter strate
gil'S blend into irrigation s\'stCll1S, :lilt! therc is no in I1wl\

ing a sharply drawn distillction bctwcen the two. 1\gain, most 
tloodwater systems arc rather small, lacking t;\'idence of suh

stantial super-familial coordination. 
t)omc of the most \videly distributed 

features in the SW/NW are checkdams or trim:hems, rock walls 
following contours that catch watcr and soil , Woodbury 
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1961; Cordell 1 Donkin 1979; Woosley 1980; Toll 
Such systems arc common in the SW/NW including the south
ern portion of this region. Woodbury (1961), workin,g in the 
mountains of east-central Arizona, as an example, provided one 
of the first systematic studies of trincheras agriculture in the 
SW/NW. Perhaps the best known example of trincheras in the 
southern SW/NW arc those around Casas Grandes in Chihua
hua. Here geographers have published several classic studies of 
checkdams in the Sierra Madres (Howard and Griffiths 196(); 

Hcrold 1970; Di Peso 1974; Schmidt and ('xerald 1988) A cur
rCllt archacological projcct continues this interest and notes 
tlI:lt trindwrus arc also common archaeoloJtieal features in the 
foothills and plains directly east of the Sierra Madres in l1orth
wcstcm Chihuahua (Whalen and Minnis 19\16; i\finnis et aI. 
1999). 

Rain-Fed Farming 
.Many areas of the SW/NW can be farmcd with direct 
tiOIl, but it is difficult to dcteet prehistoric rain-fed fanni 
less features were constructed or soil was lllodified 
to leave archaeological remains. Gridded gardens (wnIlom Irn
gation) arc such modifications and have been located from 
many areas in the southern SW/NW such as in southeastern 
Arizona, (Gilman and Shennan 1975; Homburg and Sandor 
1999) as well as the northern SW/NW in northern New Mexico 

M~L'{welI and Anschuctz 1992: CordelL this volume: Ford, 

is risky fanning in light of the SW/NW's 
for maizc-based farmin,~, the docu

in annual precipitation, and the apparent 
of some SW/NW soils to nutrient depletion after 

sllstained cropping (e.g., Kohler 1992; Sandor 1992; Van West 
1994; Kohler et aI., in press), While we do not know the fre
quency of crop failures with prehistoric rain-fed farmin,g, rain
fcd maize fan1Jill,~ in eastern New Mexico at the turn of the 
20th century suffered a failure rate of one in four years (Staten 
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et al. 1939). It is reasonable to suggest that prehistoric raill-fed 
agriculture was a risky cnterprise in light of precipitation varia
tion common to the SW/NW, and that success and failure of 
rain-fed farming may have been especially important in under
standing ancient population migration and conflict. 

Rock Mulch Farming 
Rock (or lithic) mulchin,C, involvcs plantin~ crops ill piles of 
stones ami is uscd worldwide (Lic,htfoot ] <)()()). The roel\s eOll
serve 1I10istllre :lIld provide other benefits, sueh as 
roots from rodellt predation alld illcreasin~ soil telllperatllfe at 
the beginnill,g of the growillg season Like the other 

rod{ ll1ulchin,e, is found ill many 
areas or the S\V/N\V for a 1111 III bel' of diffcrent erops. 

Such fields are found in tllC northern SW/N\\' (sec :--Iaxwell 
and Anschuetz ] ()92; Ansehuetz 1995; Maxwell] 995; Lightfoot 
1 Cordell, this volume; Ford, in press), btlt they an' best 
known from the Sonman Desert (Fish et al ] ')H5) There, the 
Fishes estimate that liP to 50,OOn sllch piles are present in the 
foothills north of TUCSOlI ncar Marana, indicative of the sub
stantial cultivation of a resource previollsly th()lI.~ht to 
have been gathered only from naturally propagated stands. Col
leagues and I recently discovered similar rock muleh fields i 11 

Chihuahua (Whalen and Minnis 1996; Minnis et al 1999), al
though the number and density is far less than in the Tucson 
area. Quite likely, rock mulching is llIore comll1on in the south
ern SW/NW but has been overlooked by archaeologists, as I 
have done in the past. The fact that rock llIulching has no", 
been found in the high Chihuahuan Desert, not jllSt the low 
Sonoran Desert, adds hope that such fields were present in 
southern Arizona and New Mexico as well. 

Although the SW/NW is a small area of the world, its prehiS
toric people lIsed a great diversity of agricultural methods, so 
much so that ancient people may well have been able to farm 
milch of the re,~ion with the exception of 
the most desolate desert 
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has practical value. For example, Kolata (1996) and colleagues 

have helped reintroduce a prehistoric farming technitllle to 

peasant communities in South America. While it is 

that prehistoric techniques will bt.! employed direetlyin indus

trial food Droduetion of North America, techl1iql~es sueh as ter

might prove productivc for small-scale 

specialty horticulture, or gardening. This is especialiy 

true as gardeners homestead uplands and other loeations less 

suited for modern agricultural and gardening 

An Awareness of the Past 

The first thrt.!e relevancies all ean offer "han.!." llseflll data that 

scit.!ntists can tlst.! to dt.!sign sustainahlt.! development. 1\11 aware

ness of the past, in contrast, may seem "soft," less valwthle. 

But such is 1I0t the case, ht.!eause over time people develop a 

connection to their environmcnt that at'feets how they behavl' 
toward it. 

interactiol1S with their environments arc eoncli
tioned by their emotional eonneetions to and perccption of 

natural environments (e.g., Anderson J9(6). E.O. Wilson ill 
(1 (),"'l6) reeognizes the i111port1lnoe d th is 

While one can easily disagrec with Wilson about the source of 

tbe emotional connection that he proposcs, his main point is 

well taken. The closer people feel tied to their local ctl\'iroll

ment, the more likely they will support reasonahle el1\'iron

mental policies that may require short-term s,lerifiecs or incoll
vcniences. 

This may especially be the case for the SW/NW, as morc and 

more people from outside the region settle here, most of whom 

have no long-term connections to the area and are unfamilinr 

with arid to semi-arid environments. An awareness of the intri

catc and long-term relationships between humans amI natural 

environments spanning thousands of years proVides a eontext 

for people to view their actions over the long n111. As wcll, some 

environments of the SW/NW can be fragile, and a 
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view of human ecology helps make this point to the public. 

Examples of the cffeets of prehistoric peoples 011 their environ

ments and the sometimes dire consequences of these interac

tions, such as the Classic Mimhres example as well [IS others 

(e.g., Euler et ,ll. 1979; Dean et al. 19H5; Gumerman 19HH; 

Petersen 19HH), may well temper some behaviors. 

Concluding Thoughts 

Study of the ancient past has real consequences for 
future. I have outlined four simple ways 

this may bc so: 1) studying paleo-environments and 
genic ecology, 2) recogl1izill~ ancient crops, J) documenting 
prehistoric fanning teehniques, amI 4) developing a long-terlll 

awarcncss of human/envirollmental intereOlllleetiolls in the 

SW/N\V. 
While the past has relevHnee for the present and futme, like

wise the present and future have relevance fur understanding 

the past. Modern indigenous groups are critical for:l 
eal interpretation, hoth as ethnographic analogies for interpret 

tbe past and for providing traditional historical narratives 

(unfortunatel~' known as "myths"). Thus, Ilwintaining bim\i\'er
-\\'hether organismic, 

eal, or agricultural-necessitates a coneomitant eOllcerll for the 

loss of ellitural and lingllistie di\'ersit~· (()ldfield and .\lcorn 
1(N1: Kemf 1 ()9J; Joilllson 1()l)S: Brush] 9()h: orlo\'(,; ami Brush 

1996; Salm6n 1<)96; Stevens 1()97). This is as true for Nati\'(,; 

l\merieans of the f:)W/NW as it is for groups thro1l11hout thc 

world. 
In much of the SW/N\\' except the f:)onorall Desert. 

illdigt.!nous groups such as the Jallos, Jumallos. and l\lansos are 

either extinct or relocated. One euuld. therefore. condudc that 

the issue of cultural di\'l~rsity lloes not apply. as it 

in the northern SW/NW with its strong Puehlo<ln ami 

eo 1l1111Ull it ies. 
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1\vo 
the SW/NW does not stop at the internatiol131 bonier; there are 

in northwestern Mexico. The Tarahu
number in the tens of th'lUsands, and 

many live traditional lives. Unfortunately, they are now facing 
increasing pressure hy outside groups to drastically modify 
their lifestyle. Second, there are cultural affinities between 
archaeological remains of the southern SW/NW with Native 
Americans of the northern SW/NW. In ways not now clear, the 
Mimbres and other prehistoric groups of the :;outhern SW/NW 

arc :l11<..'(;'stors of the Pu<..'bloans to the north. 
parts of the southern SW /NW are part of the 
of Nati\'c Americans to the north. Thus, ethnographic informa
tion about these groups has use for the southern SW/NW. 

The point is not to dictate that indigenous peoples live fro
zen il1 time and in ways assumed by outsiden~ to be "tradi
tional," but rather to acknowledge their self-determination allLl 
the dynamic nature of human and biological adaptations. This 
can present challenges when the goals of indigenous peoples 
and conservationists do not mesh completely , Prybvla ami 
Bnrth 1996; Redford and Mansour 199(»). These ocensionlll dis
agreements should not hinder 
ahle future. Acknowledi!in!! the value of 

pnst, since the 
lived before written 

References 

a stlstain
ecology 
of humnnit~' 

Adams, I\, 1<. .• J\dams [tl, 199.... Ilow does our ag;1\'e grow';! I<.eproducti\'l~ 
biology of a suspecte,1 nncient Ariwna cultivar, .-\,!.;m:e 11lwplH:yi 
Gibson.!Jcsat Plant.s 14(2):11-20. 

Anschuelz I\T 199;'\, Saving a f<1in~' day: The inte(:ratioll of di\'erse agri
culture Wchlll)logies to han'est nnd conserve \\'at,,- in the lower Chama 
\'alley, New l\h~xico. IN: Toll W .. editor. Soil, ~c'arc!·. ClIlI11>c/lf.j 
in pn:ilis((JI'i(.' and crw/itional Sowilu'estem Il,£!nctllwn:. 
(]\;M): New l\lexieo Council. p 25-·W. (Nl\IAC 

2) 

r 
t 
I· 
~ 

~ 

I
t 

The Long View from ArcnaeOIOI? • P.E. MinniS 37 

Altieri M. 1995. "\~n)(.'c()I(),!!.v: Tile science qr l'ust(lllHlbk a~1'ictllwr('. 
Iloulder (CO): \\'est\'iew Press. 

Anderson E.N. }t)96. Ecologies f!( tlte heClrl: EmotllJll. IJt'!i,f unci the CIl'l'l

ronnlcnl. Oxford: Oxford Unh'ersitv Press 
lletancourt .1.[1 .. Van De\'I:nder 'LIt. ~1nrtin P.S. 1')I){), /'(l('hmt middcn., 

Thc lasl 40.()(JO .\'(~ars of' uiotic cltrlngl'. Tucson: lJIlin;rsit\' of .\riwn;) 

Press, 
llohrer V,L. 1991 Ikeentiy recognized eu!tivall:d and cl1l:ouraged 

amon/l, the lIohol\alll. The Ki'l.'ll 5()(J):2.:'7-2JS. 
Bradfield M. ] 971. The c/wn,£!in,!! pattern f1"liopi London: 

Imtitute. (Oceasional papers J.) 

Brush 8.13 .. Stahinsky D. 1996. Valli in,!! /fleft! kllO~..x:lcdge; /ntii,£!clHJIlS 

!llld intcllccCHnlllnJPCriy n,(:ilrs. \\'a~hiIlglOn DC: Island Pres;.. 
Gastetter E.F., Bell \\'.11, !,)42.l'il!lfl find j'(lj)(lgO /ndl(l1l (l,(:nt'll/l 11 ll' 

llniversity of New MeXico Press, 
1952. Yll1!1WI/nr/!cm uJ,!ril'liltllI'C. l\lhuqllerquL': \:nivt!rsil\' of ;\l'\\' 

Mexico Press. 
Collier C.A. 1975. Field q( tite T':.,w::il. i\lIslin: llIlin'rsity oi Texas Press. 
Cordell L.8. 1975. Prediding site ab::llldol1111ent at Wetherill ~ksa. Tite 

Ki't.'C( 40: 1H9·202. 
__ . 1997. J\n:lwl'olo,(:y fir tilt' SfJ/ah~('('st. San Diego (CA): Ae;ILiemil' 

Press. 
Dean .1.8., Euler R.C" Gllmerrnan (i,J .. Plog F .. f1evh' lUI., Karbtrom 

T.N.V. 19H5. lIum:lI1 behavior. demography. and on 

the Colorado Plateaus. AmcricflH Ami(fllity 50:S]7 ·5S·1. 
Di Peso C.C. 1974. Casas Granties: A./idlr:/l em.!iu,!! c{'ult'r q( till: Crull 

Cl!ichimr:ca, Flagstafi (AZ): Northland I'rc~s, 
Donkin ItA 1979. .-\,£!ric'llll II rul cC!TIll'in,t; in the u/)()ri!2inu/ Xl''U: \\'orld 

Tucson: LJni\'crsity of J\rizona Prc~s. 
Doolittle \V.E. 1990. Crl1ln/ irr(t;ation ill pn!i1islfJric Me"lco: Tlte St'f{l«'Il(,C' 

Ci" cecll!l%!Ziclll c/wllge. ,\ustin: {lni\'t'rsity of Texas Pre:;s. 
Euler ICC., Uumerrnan U.J .. Karlstrom T.N,V" Dean .IX. and IIl'\'J\' lUI. 

1979. The Colorado Plateaus: Cultllfill dynamies and 

ments. Science 205: 10H9-11 () 1. 
Fish S.IC Fish FR. 1')H4, Prehistoric (l~rll'Hlllll"(d stml<,:';il'~ in the S()wil

researehWl'St, Tempe, Arizona State \ 'nin~rsit\' 

p<lpcrs J.n 
Fish S,I\,. Fish P.IL ~fikesic(.''' C .. ~Iadsell.l. 1QH5. Prehistorie nl!;l\'e cultl

\'ation in Southern An zona /J('.sc1'l Plallt,' 7'107 
Ford Iti. 200n (in press). Iluman disturhance' :llld himlin'rsit\· di\'USIl\, ,\ 

case from northern :\e\\' Mexico. IN: !'>Iinnis V, ElisL'llS \\'" edi
tors. Bi()c/i'C'crsity wl(1 ,\'ntl·;:c ,\!!It'l'lcu. Norman: \;ni\'<'r,it\· of ()I\1a

horna Press, 



38 New Mexico Journal of Science, Vol. 39, Nov. 1999 

Fowler C., Mooney P. 1990. 81wtterink Food, politics, and the loss q( 
~cnetic di'L'cl'sity. Tucson: University of Arizona Press. 

Fowler, C.B. 1986. Subsistence. [N: D'J\zevaedo W., ulitor. Handbook ql 
North American Indians, vol 11, Great Basin. Washington DC: Smith. 
sonian Institution Press. p 64·97. 

Gilman P.A" Sherman P. 1975. An archaeological survey of the Graham. 
Curtin Project, phase [I. Tucson: Arizona State Museum, Cultural Re. 
source Management Section. 

Gumerman G.J. 19H8. The Anasazi in a chan~in~ en'L'ironment. Cam. 
hridge (UK): Camhridge University Press. 

[lack J. T. 1942. The chml~in.4 physical environme11t of the Hopi Indicl1Is 
(!lArizona. Cambridge (MA): Harvard University. (Peabody Museulll 
pa pc rs J 1: 1. ) 

Hall 8.A. 19H5. Quaternary pollen analysis and vegetational 
Southwest. IN: flryant V., Holloway R., editors. Pollen record 
qlwtcrnary Norcll American sedimencs. Dallas (TX): American Asso. 
ciation for Stratigraphic Palynology. p 95·123. 

llerold L.C. 197(). TrincheraI' and physical cnvironment alon}! lite Wo 
Ga'L'ilcm, ChihwthlUl, MCc\·icll. Denver (CO): Uni\'~rsit\' 
Department of Geography. (Technical paper 65·1.) 

Ilomhurg J.A., Sandor J.A. 19()9. Soil in't'csti.4.ati01IS ac a laIc prdlisw1'ic 
a~rieulcllr(l1 complex ill clw Sqtf'ord Basin. SOlic/m.'cMenl Al'i.;:';01W. 

Paper pres~nted at th~ ("Hh annualmceUng of the SOCiety for Ameri
can Archaeology; 1')9') March 24·2H; Chicago, IL. 

Iloward \V.A., Griffiths T.1-.1. 1 '166. Trincher'a dislriiJ1I'i01l ill rhe Sierra 
M(ui1-e Oceidencal, Mexico. Denver (CO): of Denver, Depart. 
ment of Geography. (Technical paper 

lIunter M. 1996. Benchmarks for managing ecosystems: Are human actiVI
ties natuml? ConsCr'L'ariol1 Biology 10:695·697. 

Ilurt R.D. 19H7. Indian a~riclll1Ul'e in America, pre/ustol)' 10 tile present. 
Lawrence: Unh'ersity Press of Kansas. 

Johnson B.A. 19')4. Who pays the price;): The sociocu/£lIml eontcc'l:c (~f 
envinmmellwl crisis. Washington DC: Island Press. 

Kemf E. 1993. Thc 1m!/.' qf che mother: Pmreccin~ mdi,4eno!(s pe()ple.~ ill 
pmc('cced arcus. San francisco (CA): Sierra Cluh. 

Kay C.E. 1995, Aboriginal o\'t;rkill and native hurning· Implications for 
modern ecosystems. l""escern JOllnwl c!!' Applied Forescl)' 10: 120·12(,. 

Kohler T.A. 1992. Prehistoric human impact on the enl'ironment in thc 
Upland North American Southwest. Populacion and En·t'im1l11lellc 
U:2SS-26H. 

Sustainability: The Long View from Archaeology· P.E. Minnis 39 

Kohler T.A., Kresl J., Van West C., Carr E., Wilshusen R.ll. 1999 (in press). 
Be there then: ,\ modeling approach to settlement determinants and 
spatinl efficiency among late ancestr;ll Pucblo popUlations of the Mesil 
Verde Hegion, US Southwest. IN: Kohler T., Gumerman G., editors. Dy
namics (!l hllmClrl and primale socielies: Agcnc-based modeling Q{ so· 
cial and spacial processes, Oxford: Oxford University Press. 

Kalata AK. 1')96. Tiwanakll and ils ili11lerland: and paleo
ecology qf an Andean eivilizacion: Agroee%R,V. Washim1ton DC: 
Smithsonian Institution Press. 

LeIllallc S.A. 1fJ.'G. Mimbres pcople: Ancicnt Pucblo paillCers 
American 8owh'(£)es/. New York: Thames and Hudson. 

I.i"htfoot D.R. 1996. The nature, history, and distribution of lithic mulch 
An ancient technique of 

Ifistory RC'l:ic~C' 4,l:206-222. 
Martin 1'.8.. Klein H.G. ]91{4. QWllentW)' extinctions: A prehistoric 1'<!'t·o· 

11IcilJ11. Tllcson: University of Arizona Press. 
Mnxwcll T.D. 1 ')9S. A comparath'e stud\' of prehistoric farming strntegies. 

IN: Toll II.. editor. Soil, "(!I.'Mer, IJi%lt\'. ami bdit/il1 prchistrJric ((lui 
Cr(H/itimwl 801lC/t'!JI'cSCCrll aI;l·iclllcure. Albllquerquc: New Mexico 
Archaeological CounciL p .1-10. (Special puhlication 2.) 

.Max\\'ell T.n .. Anschuetz lI.. F. 1992. The Southwestern ethnographic 
record and pn:historie a~ricultural diversity. IN: Killion '1'., editor. GUI" 

d(,lls (){ ]lIchis(ol':';': Tit" (Irchlll'()log\' ()( SCI/icIII l'llI lI~riclllwre i1l 
~r('(lt('r ;\Il'-'''IIH!lTi(,ll Tuscaloosa: llni\'ersiry of Alabama Press. 
p ,15·(,1{ 

Minllis 1'.E. 1'!H5. ,,,'ocia/ urluptlltioll Io.!()()d scre.,s:..\ prcltis101'ic Smuh· 
'w('sC('rn eX(!1np/e. Chicago: Uni\'ersit\· of Chicngo Press. 

Minnis I'.E .. Elisens W . .I. 2()(lO (in prcss).lliodi·l:ersity wld Nu(iot'c 
l\mericu. Norman Unh'ersity of Oklahollla Press. 

t.lil1nis I'.E .. I'log S.E. 1976. Study of the site·specific distribution of AI; (('l'C 

panyi all east·central Arizona. The Hi'vu 41:299·,lOH. 
1-.!innis P.E .. Whalen t-.I.E., Fish S.Ii: .. Sandor L\. ]')<)9. The socio·])()/icicill 

C(11lCC.\'( (!((lgril'lIlwre ill cite Cusus (;w71des core. I'apt:r presented at 
tlw (,4th ;llll1ualmeeting of the Soeict\· for Ameriean Archaeology: 
I 9')') ~Llrch 2,l·2S: Chie;lgo. I L. 

Nahhan C;.I'. l'J7t). The c('()l()g~' of tlooti\\';!t<:r fartning in Ihe arid soulh· 
,,'estcrn North America. ,\.~m-Ec()syscems 5:245-25S. 

---. ] 9H5 1\a ti\'c crop dinTsity in aridoalllericn- Conserqtion of 
regiona I g(,nc pools. Economic B()IClIlY :1'I:.1H 7 ·:\99. 

I ')S'J. Enduring s('cds: f\;(lUVl' Americull aI;l-iclllciln: and 'wild 
pla1l1 conse1"l'arioll. Berkeley: North Point Press, 

Nnbhnn CP.. dt' Wer J. ] ')H4.l'rl1liClIlIl SllIIonml in Sonoran Desert agri
culture. Eeo1!omic HOlfl11Y JH:65-(,H. 



40 New Mexico Journal of Science, Vol. 39, Nov. 1999 

N:lhh:ln (;.1'., Whiting ,\., Dohyns II., lIevley R., Euler R. I'nil. Devil's elaw 
domestication: I~vidcnee frolll Southwestern Indian fields . .I0UrllU/ (d' 
/~c11110/Ji()/()t:Y I 1-1.'i-1 (,e!. 

(lldfield ~I.L., ,\Icorn .I.B. I ')() I. ilio<ii'L'ersity: ClI/tlln;, C'OIlS('I'~'((tiolt. (llii/ 

CC()<l("'~'dOPIII(,IIt. Boulder (CO): Westview Press. 
()rl()\'e BS, Brush S.B. I ')')('. Anthropology and the eonservation of hi",li

\·crsitv. JIIIIIUII/ RC'l.'i("'lC'S l!lilllthmp%/2y 25:329--152. 
I'eterscn I\.L. l'lHH. (;/inlUtc alld the n%res River Jlll!lsazi. Salt Lake 

(;itv: l1niversit!' of Utah Press. 
I'log S. E. I')'.)!.,. JIliciellt peop/c,s IJ the ,1mericlI1l ,c..,'()lIth'1i!)cst. New rori\: 

Thallles :Ind IIl1dson. 
I'rvl"'!:1 Il., Barth S. I ')'J(). HlIi/dill/2 /Jrici/2es /JetweclI ,I/IIericlllI [1II/iwIS 

(llId l'OllSCI"l.'utiml ()/~411Ili>:;!lti())ls. \\'ashingtoJ1 DC: World \\'ildlife Fund. 
ITopics in eonscrvation report.) 

IZed!ord 1\.11 , t.lallsollr L\. I ')')(). Tnu/itiolla/ peoples IIl1d hio!li'l.'el'sity 

C()IIS(T'Cllcloli ill /1II~4e tropica//wu/scllpcs. Arlington (\'1\): l\merie:1 
\'erde Puhlieations. 

S,tim()n I':. I ()()(), SUllllller. Ikcolonizing our voiee. Winds 1!((;llIllI,4c:7()
- 0
(

Salldor.l .A. I ()')2. LOllg-term effects of prehistoric agrieulture on soils: 
I'::-.:alllpies of New ~lexieo and Penl. IN: lIo11iday \'., editor. Soils ill 
lll'dIUCO/()~y: LUIii/scapc e'L'o/lItioll 111111 humall I!CCIiPlltioll \\'ashill.g

it()11 llC: Smithsollian Illstitution Press. p 217-245. ~ 

SeaIT\' Ci\! 1<)').1. Foru4ill~ IlIldjil1'lllili/2 ill casterll wood/lll1ds. .'~ t 
(:ailles\'ille: tiniversit!· of Florida Press. i,,

Schmidt IU I. .Ir, (;er:dd [{.E. I 'JHH. The distrihution of conservation tVI'" 
\\':tter-colltrol systems in thc northern Sierra Madre Oceidental. Th .. 
lii-l'll .'i.,: I ().'i-17'!. 

Smith B.ll. 1')')2. I?h.'ers (d' c1ul1I/2e: Essays on early a/2ricllltllre ill eastern 

North ,·llIlericu. Washington DC: Smithsonian Institution Press. 
St;lhl 1'.\\'. I ()')(). lIolocene biodiversity: Archaeologieal pcrspeetivc from 

the ,\mericas. Alillual Re'l.'ie'LC' (!l,llIthropu/o/tV 25: 1 05-12(,. 
Staten (;., Burnhalll D.[{., Carter.l. Jr. 193'). Cum investi/2lltiolls ill Ne·1i!.' 

,\lexico. Las Cruees: New t.lexieo State University, Agricultural I~xperi
lI1ent Station. (Bulletin 2()O.) 

Sle\'('II.', S I()'i/. (:()IISC'l'c'ucioli throll/2h cll/tllral slll'viva/: Ilidi/2ellolis 

pcoplcs Illld pruc('ctl'!/ ureus. Washington DC: Island Press. 
Toll II \\'. I ')().'i. Soil, 'ceara, /Ji%.4y, Cl1l!I/Jdiej' ill prehistoric alii/ tr(((li

fiol/u/ SOllth'lL'cstenl ((/2ricultllre. Albuquerque: New Mexieo l\rehaeo
logical (;oullcil. (Speeial publieation 2.) 

\':111 West (:.Ie I ()'),!. ;\/oddill/2 prehistoric a/2ricllltllraf producti'vit)' ill 
s()lIth'lccsterli C%rado: ,I GJS approllch. Pullman: \Vashin,gton State 
lllli\'ersil\', ilepartment of ,\nthropology. (Reports of investigations h 7 

41Sustainability: The Long View from Archaeology· P.E. MinniS 

Vecsey C., Venables le\\'. 19S0. Alliericll)] lllniun (,1I"<.:ir{)lIl1I(,)]CS: Ecol()~i

cal issues ill J\'Mh'e Americun history. Svracusc (0:Y): Snaellse 1'lIi

"ersit!' Press. 
Whalen M.E., t.linnis P.E. 199(,. Investi,gaeiones espccializada sohrc el 

sistema regional de Paquil11c, Chihuahua, ~lexiL'o. Informe t<,chnico 
final presented to the Consejo de Arqucologia. Instituto l'iaeional de 
j\ntropologia e llistoria, Mexico, D.r. 

Wilson E.O. 19Hh. Biophilia. Camhridge (MA): iiarvard llniversitv Press. 
Winter .l.C. 197e!.A/){)ri/2illa/ a/2ricu/cllrc ill the S()uchwesc ((lid (;n'uc 

Basill. Idissertation]. Salt Lake City: University of Utah. 
Winter J.C., 1I0gan p.r. 19HCl. Plant hushandry in thc Great Basill alld 

adjacent northern Colorado PI:lteal!. Il\: Condie <: ..1., Fowler !lJ), edi
tors. Anchrop%gy I!t' che [ksert \l'est: Ess{(\'s iJi 111)11())' I/Jcsse n. 
Jellllill~,S Salt Lake Cit,,, lllliVl'rsitv of Utah. (l\lIthropologic;d lOa, 
pers 10.) p 117-Ie!e!. 

\\'oodhur!' [{.Il. 1')61. Prehistorie agriculture at Point o{ Pines. ,\riz()na 
,lmericIIII Alitillility 2(J(3, part 2):1-7H. (~Ien",irs of the Societ\' for 
American Archacolog!' 17.) 

Woosley A.1. 19HO. j\gricultural di\'ersit!· in the prehistoric Southwcst 
The l(i'1.'(( e!.'i( 4 ):J 17-JJh. 

YarnelllZ. I f)H7. 1\ sun'e!' of prehistorie crop pl:lllts in C:l.slern North 
America. MissIJllri Ardl((('()/()~isc e! 7:e! 7 -(,0. 


