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INTITODUCTION

The Hohokam zrrc:haeologiczrl lec:oLcl rellects one of thc most spectacnlar scl<ri-
cties in the Nortl'r Anrerican Soulfiwest prior to Spa.rrish contact in A.D. 1540. The
Hohokanr practi<:ed aglicultural prochlcl.ion, lirrecl in pit houses ernd sllrlzice pl.reb-
los, ancl craftecl a variety of goods inclucling (but not limitecl to) fir'ecl-clay figules
a.ncl ceramir: vessels, plant fibel t,exl,iles, stone pro.iectile points, zrncl marine shcll
or-nanlents (IJaury, 1976). In the latter part of the clcvelopnrental sequencc, Hoho-
kam settlement,s typically snllounclecl monument.al builclings sr.rch as ball-courts in
the pre-Clzrssic period (ca. A.D. 1 - 1150), ancl platfomr mouncls in the Classic peliocl
(ca. A.D. 1l50- 1450) (e.9., Wilcox ancl Sternberg, 198i3; Doyel, 1991; Fish and Fish,
1991; Wi lcox,  1991).

The Hclhokam ale probably best, known for the concenl,i'ation of large-scale ir-
ligation canals trncl associated sites in the Salt-Gilzr River valleys of the Phoenix
Basin. This arezr also witnesseci the greatest elaboration ol nraterial cull.ure ancl tlie
rnost intensive construction of monumental architectnre. Since many of the earliest
archaeological excilvations tool< place at sites along lzl'ge cernals (e.g., Glaclwin,
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1928; Scltroccler, 1940), nrany archaeologisl,s refel to the Phoenix lJasirr as lht:
llohokarn "l.reartland" or "core" (e.g., Flaury, 1976). Aleas without lzrrge canals, to
the s<tutl.t antci wes1, ol Phoenix ancl Tucson, c:ornplisecl one portion of the Flohol<am
"petriphety" I-Iohokam (seer McGuire [991] lbr zrn extenclecl cliscussion). The arezr
was uarned the Papagueria ("lancl <lf the Papago people") by ear-ly Spanish explolers
attd missiouaries who colonizecl i lre region in 1he l6th and lTth cenluries.

'fhis coreperiphery pelspectivr: hzrs been greatly rellnecl orrer l,he pa.st20 yeals,
with t,lic ttuexpc:r:1,ecl tliscovery ol lalge habitation settlemculs antl eviclcnce-' of
agt1culture in arezrs away li'om nr4icll st,r'eams ancl rivers (e.g., Fish et al., 1992).
Moreovt)t', a grolvittg ttlrutber of wal,el stolage resc.rvoils harre been clocuurerrtecl
in lhc so-calletl periphely (e.g'.., Itaab, 1975; All, ieau, 1981; Wilcox ancl Sternber.g,
19[ii]; Bzryrrzrn, l99i]). Inte4rrel;al.ions o1 Ifohol<aru subsist,ence nnd se1l,lenrent irr
the ptrr\rherrv trre often basecl cln the implicil, assnrnption l]ral, resenroils rvc,r'e non-
peit'ettnizrl sour(:es ol water. This in{'erence is solelly clerivr:d by dilecl, histolic auai-
ogy with thet "l,wo-vil lzrge" sellJernenl, sysl.enr o['the hislori<'Toh<lno O'oclham (lor-
merly Papago) Inclinns (cf. Gasser', 1979).

Sotrre ethnogt'aphic accr<,lunts (e.g., I.lnclelhill, 19119; Castetl,rlr'ancl Bell, 1942:42-
4i3), lbr exautple, clesclibe'l'ohorro O'oclhnm lreople wlro oc'crqtiecl lo'*'land sunllnel'
villi'Lges zu-tcl t"elied on eart,hen reserrroirs ibr sl,oring water'. Following the encl ol'
tltc stttnrtter tz.ritts, r'eserrrroils wele no lclngcl rechalged with snrfact-t flow zrncl vil-
lagets in thc uplancls werc reoccupiccl chrring winl,er', .*'here wztter was rel,rierrecl
fi'our excitval,ecl wells artd splings. Arr:haeologisl.s working in lJre Papagueria oltern
sttrntise lhat anc:it:rtl, Flohol<ttur c:omniuuities plac:ticerl a sintilar slr'alcgy of resi-
clcnl.ial ntobility ancl livecl in tlil'lelen1, sel,tlcnrents tluling lJ-u: rh.y anrl wet se:tsolls
ol '1he year.

In l,his paller, wc t:r,!rltrate lialcroer:ologic'trl clerl,a fi'onr i.r Iloholcrnr rescrvoir at, it
lat 'ge itrc:ltaeologiczrl si l.c irr Orgnn Pipc (lact.us Nzrl. ional Monrrrnenl; in sorrlhuzeslenr
At'izottzr. Arritlyscs of scrrlirnents 1l'orn l,hc leselvoil clocurnr:nt, l.lie-' occ'urlctrcrc: o1'
ost,r 'at:clcles artt l l tollert l.hal, arrr inclical,ivc <.rl 'a wirt.er-r' i<:lr cnvironnrenl, ch-rring t.hrr
I{ohol<iurt ttse of tJtis Iacilil,y. A-lthough the rroluurt-' of watci in t,he leservoil woukl
have t:et'ttriuly fluctuitted on a sezrs<lnzrl barsis, in<li<:ations o1'pr-'r'r'r'ranerrl, wal.cr inrltly
llial, sottrc Ilohokanr coulcl occupy this lowland se:l,t,lcnrenl, ()ll a ycar.rounrl btr,sis.

A{ttlt' we ottlline paleoec:cllogical e'vidunc:er of t.tiis pht--notnc-rrxrn, we conr:lrrcle our'
tliscussion by explclring key inrplic:rtions of oul finrlings fbl alrrhaeological inter-
lttetal,iotrs of aucictrl, ccottclnric: olgzrnization iu the peliphelv. Irit'sl., howe\/el', wc
provirle zr bi'ief back5;rouncl ou the geogrzrphy, er:ology, zrn<l archaeology ol the
rescrtroir ancl i ls:rssociatecl sitc witi i in l lre blozrclel conLext o['Olgtrn Pilre Clactns
Nalional Monuurernl,.

BACKGROUNI)

Geography and Ecology

Organ P\rc Cactus National Monumenl. is in sotrlfienr Alizona and borclers ihe
Mexicaii state of Sonola. Mosl o{ 1he nrorrrrnrent l ies wil}in lhe Arizorra Ihrlancl
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subdivision of the Sonoran l)esert (Shreve, 1951; Turner ar-rcl Brown, 1982; see also
Felger et al., 1997). The mclnuurent grouncls encomlrass arl area of approxirnately
133,830 hectares (Felger c.t al., 1997), limitecl to 1he soutl'r by the Ihrited States-
Mexico borcler, on the east by the Tohono O'Oclham Nation, on the north by the
town of Ajo, ancl on the west by the Cabeza Prieta Nal,ional Wildlife Reftige (F'igure

1). The clinrate is typically aricl, ancl the monnruent lies on the eastern eclge of the
clriest region of the United States ancl ir-t the general alea of liighest teurperatures
(Felger ert al., 1997). l\{ean winter' l;emperiltnre is 15'C (December', Janualy, Feb-
luary) witl'r <"lccasionzrl orrelnight t,ernpelatures trelow 0"C ancl sulllmer urean tetn-
perzltrlres over 40"C (June, July, Ar"rgust). Precipitat,iou is aboul. I80 mur/yerar wil;h
rainlall occurling in l,wo seasolls) lrriul.el ancl suul-ner' (l)oclge, 19611). IlfTect,ive
rroistulc is qrrite low, given fhe conrbination of high l;emperatures ancl low
lainfall.

The montun€,'nt afea consists of ger-rtly slclping allur.izrl plains ancl well<lissected
ruountains thal. chalacl.erize the Basin ancl Range Physiographic Province. The al-
Iurrial plzrins consisl of er'odecl seclinrents tlerivecl fi'om the volcanic ancl lrlutonic
rocks that lbm thc sullouncling nrounl,ains (e.g. Aio Mts., Bzltes Mts.) (I3rown ancl
,Iohnson, 1!)83; I(r 'csan, 1997).' l i ic nnconsoliclzrtecl gravcls, szrn{ls, si}ts ancl clays
are ext.rcnrely varriable. In gcner-erl, their poor sortiug ancl ronnchress lerflecl, prox-
imit,y to the sorrlce loc:k ancl higlr enelgy of the rlepositing stream. Scrlimentary
linresl,one <-lrrtsi<lc 1,he palk is l lre nrost l ike:ly source of hrfh in 1.1're all irvium wilhin
t,he leservclir'.

(loales (1!)52) inrlicertcs lhal gr'ounciu'ater in the aru is ainrr>st, enlilerly rlcrirrecl
ltottt laiufull ot'igittat,itig irt {lt<-l titcxrntains arrrl l,r'trnsportclcl tliror"rgh stLezrnr r:hannerls
wlti<:h lechzrlge th<. u'ultrifcrs. The avelage delrth oI lhe atyui[t:r'.s is approximately 213
rn. ln a few lr:sllic:tecl loc:alcs t.hrrrc uLe spliugs (e.g., QLritobaquito Springs) lhat zrre
fccl by thc aqnif'cls rallel llran snLftrce flow (I(rcsan, 1997).

hr telrtrs of the clislrersertl, sltrub-clorninant rrr:ge1.ation, h'iangle-lei,rf buls:rgr: (,zllz-
ltt'osi,rr rlr:ltoi.dcl) ancl creosol,ebush (1,nllen l.t'itLert.l.u.l.cr) arer tht-' clominanl sl)e(:ies
in ther rrrontulcrrt,, Itrllowed by or;ol,illct (l,'otr,t tr.i,ct'iu spett.derts), szrguaro (Cottrcc1i,nu
gi.grtrtlctc<r), c:hain f)'rril. at.rcl bucl<horn cllolla czrcti (O7rzar,lr.rr spp.). Clrucifixion tholn
(Casteh ent.ot1t1i) is lestlicl.ed 1o the lowlancls, lar lionr the nxrunt,air-rs. Most arcas
lravc rtrcrscluil,c l,r'ees (Ptosolris), a I'eu'PrLlo Vclder l,r'ces ((.iexti,tl'i,zrttt splr.), organ

lripe c:zrctrrs (Stettot:ctr;t.rs llt.tr.tlteri.) eurd prickly pt:ar (Opu,ttlir.r s1-rp.), along l.he
flanks ol lhe nrounl.ains ancl hills. Oilrer lrlanl.s conlnron in the rricinity irrclnrie

,jo.jclbar, blitllc-llrs]'r, zrnnual buckwhcat ancl hedgehog, pencil cholla anrl Clu'istnrrls
r:acti.

'l'he lcsellvoir thal we elxaurinerl lbr lhis sturly is loctrted u'itirin i'r lalge llohol<an-r
zrrcrlracol<-igical site (Sti it;e No. AZ 7:13:1). This site is locatecl aboul,20 krn south o{
l,lte l.owrt of Ajo, in 1hc nolth-ccntlal por't,iclr-r o{i C)i'gz-ur Itiper (}:rctus Nirl.ionerl Mon-
ument (lrigure 1). This geoglerphic loc:rle compliscs on]v onc srnzrll 1lai1, of fhe riclr
rirc:hzreolclgiczrl lecclr<l of south-<:ent,r'al Arizor-ra ancl its neighboring enr.irons in So-
nora, lVk:xico.
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Figure l.'l 'hc location oI Olgan Pilre Ca< tus National l\4onunrenl in soutlrra,esl:enr Alizorra (fronr Rankin,
1995:2).
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Regional Archaeology

The nrost up-l,o-clate sllurmary of ther archaeological recorcl at the monument is
basecl on zr l;r'ge-scale peclestrian suley by the Western Archeological Center,
IJnitecl States Nat,ional Park Service (Rankin, 1995). Areas of the monuutent ex-
anrinecl by Rankin (1995) corrtain zrlchaeologiczrl sites spanning a vas{, periocl of
time that r-arlges from the Ilarly Alchaic (8500 B.C.) through the historic period (ca.

A.D. 1900). Cultural traclitions icleni,ified in the monrrment inclucle the southwestern
Archaic (8500 B.C. to A.D. 150), the I-Iohokam, Patayan, anclTrincheres prehistoric

cerarnic cultures (A.D. 300- 1450), ancl Ilia C'ecl O'oclham (fomterly "Sarid Papago")

of tlie post-Spanish period (Raukin, 1995:xxiv).
Material remains of these cnllures inc:lude all,ifacts o1 stone, ceranric, ancl rnarine

shell; zrncl a verriel;y of archaeoiogical featules inclucling "sleeping circles," t'ock
rings, r'oasting pits, hezrLt,hs, pitJrouse sh'nctuLc.s, refuse deposits, ancl at least onc
clitch or srnall "cernal." Some of the larger sites ar<-. the renrains of habitation settk:-
nrents, whereas many smaller si1,es signify task-specificr resorlrce exl,r'action ac1.iv-
ities irr<:lucling lrlant, plocrcssing, anirnal butchcling, qualr.ying of stone, ancl l,h<l
procluction ol r'ock alt, iuclncling petroglyphs (peckecl) and pictographs (painte<l).
A nrunber- of rocl< shelters, bedrock urortars, ancl foot trails ale also present in l.he
r l lo l l t l l l lenl .

Otiiy orte oll 17fl sitcs xlc:olclecl ott the surwey lras zrn ear'l,herr rcservoir', archert'-
ologi<rzri site AZ Z:13:1 [ASM] (Rarrl<in, 1995). This sil.e was orl(:e a lar-ge Ho]-rokam
habitaliou sel.l.lerntc-.nt thal, r.overs approximately 260 zrcles (105 ha). Iu i,rdclitiou to
a tesetvoit, l . l t is :rr '<:hzrcologi<:al site (AZ Z: 13:l [ASM]) als<,r hzrs rcnrnzurl.s of nu-
merous pit horrscs, r'oas{.irrg pil.s, deflarl.ecl re{hse mouncls, ancl s<:atl,cls o1'nrl,ilact,s
(Rankin, 19.95: 181). One pit houses exposecl by elosion rcrrcalecl a charcoal f i l lecl
heilt'tlt (Itankirt, 1995:1!)2). Surface eviclenc:e incliczrl.es thal, gforurd slnne imltle-
nlerlt.s ancl tabulal knives :uc also coll.rmon, along with prqiectile point.s, Llifaces, zr
stone "clougltnul,," zrncl lots of plairr ancl clecorerted ceramics. No1,abiy, cernutic clisl(
ancl nroclelecl spinclle whorls welc zrlso iclenl,iliecl at the site, inclicating the weervirrg
of lrlzurt, fibcls. Thc sr.nzrll sizes of the spinclle whod :rpert,rrres suggest llte spinning
of col,tou (Rarrkirr, 19951 1f32). Obsiclian ancl rnaline shell arl,ifacl.s zrn: also present
on lhe sitc sullacr:, in ercklilion to fi'agrnents cll turquoise or azuritt-.. Ilecoratecl
celeunics a1. tlte site intlit:irl,er lhat il; was occultiecl cluring the Serienl,ary (A.D. 975-
1150) ancl Clnssic periorls (A.D. 1150-1400) of t l ie Hohol<am c:hronnlogical sc-
querrcc) (RzLnkin, 19911: 181).

Plevious a.rc:hzreological excavations of Flohokanr sil.es witli this clegreer of sur'-
face altifact cliversity hunre always bcen proven to be pemrzlnent hzrbil,zrl,ion sil.cs
(see Huntington zuld Teagrre, 1984: 1f3l)). Thus, as l?ankin (1995) aptly notes, sil.e AZ
Z:1:3:1 [ASM] is rernalkable in several respects. The cliscovery of an zurcient sitc. in
this clesert localc., wilh all of ll'ro hallurarks of a seclentzir.y village, rvas rrnexpect,ecl,
since wzrter lor clomestic c'onsLrmption woulcl have seemingly been scarce. There
are no springs nearby, ancl the site is located nrany kilomel,ers from the nearest
rnotrntzrin larrgn rvhele sucli splings uright be locatecl. The nezu'est pelennial rivel
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(i.e., Gila) is located approximately 100 krn from the r-eservoir site. Thus, the con-
struction and use of an earthen reservoir at site AZ Z:13 l (ASM) was arl important
factor of human settlement in this arid region.

The Ancient Reservoir

l'he largest and most visible feature at the site is an earthen reservoir that re-
quired a considerable investment of labor to construct and maintain. It is currently
comprisecl of three oval embankments that cover an area with an approximate
diameter of 35 rn (Figure 2). Together, these embankments forrn a C-shaped mouncl

M2:13:1 (ASM)

Feature 1
t , r , , t l

MfiERS

CONTOUR INTERVAL IO CENTIMETERS

A Feoture dotum

'l Auger hole ond
number designot ion

1 ,,,*',r" *"-
Auger Hole 3

4
N

I
^oa/

9(:/

Figrrre 2. Contour map of the lesen'oiL at archaeological site AZ Z:13:1 [ASM]. Note the locatious of

augel holes.
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that enconrpasses a shallow basin filled with fine alluviurn. An intake channel for
the reservoir is locatecl nottlt ancl east of the C-shaped mouncl; it is currently lillecl
with alluvium (F'igure 2).

Angering of the reserwoir (cliscussecl below) inclicatecl tl'rat its maxir.num depth
is cun'ently about 2.80 rn below lJre gronncl surface. This is a significar-rt flncling,
since a 20th centnry inventory of Tohono O'odham charcos (reservoirs) by the
thritecl Stat,es Inclizrn Service conchrdecl that reseloirs bet,ween B and 10 f1; cleep
helcl water on a pelennial basis (Clotts, 1915:22). If the embankrnents of the Organ
Pipe reservoir are conservatively estimated to have been a rneter higher tl-ran thery
ale toclay, it was once ahlrost 4 nr in depth. In sholt, cluring prehistory, the Organ
Pipe rr:servoil signiflcantly exceeclecl the depth of perennial reseloirs obsewecl by
Clot ts (1915:78).

Thus, it is not surprising that the Orgarr Pipe reservoir enrbanknrents are litl.erecl
wilh a high number of ceramic shercls, flzrked stone aftilacl.s, f,r'e-clackecl rock,
vesictrlar basalt glinrling tools (ri,c,ri.os and m,eta,tes), and broken rnarine shell. For-
rural grouncl stonc: tools of vesicnlar basalt were evidently inrpofted since material
fbr manufacturing them is not ervailable at the site. 'Ihe abundtrnce of ground stone
altifacts irrdicates tl'rat seecl ancl com processing took place at this se1.tlemen1,.

PALEOECOLOGICAL ANAI,YSES

This sl,utly was clesignecl to reconstlucl. the pzrleoecology of the reserwoir zrt tlu,l
lime it wets usecl by lhe Flohokam. 'l'he major goal of this resealch was l.c,r dctelnrinc:
whether' l,he reservoir was a pelennial, or seasonal, sorlrcre cif water'. In orcler to
leconsl,r'ttct tlrc reservoir paleroecology, analysers wel'e conclucl.ecl cln osl.racocles,
pollen, anrl woocl charcoal.

Sarnple Recovery and Extraction

Saurples of seclitnenl, wel'e accluileci fi'ortr vrrrtic:al coluurns in the leservoir rle-
posits using tr hancl-clriven auger with a 3.5-in. bucket. A total of seven allgel' col-
unlns were tzrken, wi{.lt locations selectecl to obtain sarnples fron.r a horizontal closs-
scction of the reservoir, ancl frorn <liffelent dcpths zrnd areas of the wal.er st()rage
lacility. Tlte five eurgcr colnnrns within ancl a1.op lhe rcservoir ermbankncnts (OP-
I,2, 4,5, atrcl 7) wcre stral,egically placecl in erreas that enabled us to clocurnent l,ht--
ovelall motphcllogy zrncl clepilr ol'lle featule (Irigure 2). Two adclitior-ral augcr col-
umns (OP-3 ancl OP-6) were placecl outsicle the rc.servoir to lrrovicle cortlols fbr
evzrluating lire abunclance (<lr lack) of palt-,oecological rema,ins irr the other augul
interior colnnrns (F'ignre 2).

During tl're deployrnertt of the auger, observations for each column sample wele
recorclecl inclucling lil,hological chalzrcl,eristics ancl whethel charcoal and plant cle-
bris were present. (Figure 3). Sedinrents wr:re also clescriltecl using Munsell colol
cltarts, to monitol vertical changes in stlatigraphy along each zruger column. This
inlbrmation wzrs vital {br itlent.ifying samples that were nost likely to contain intact
oslrercocles. Siuce osl,racocles are reiat,ively tragile and friable and pollen is subject
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PALEOECOLOGY OF WATER STORAGE IN A HOHOKAM RESERVOIR, ARIZONA

to oxlclzrt,ion, we at oicled san'rl,rles wilh c:oalse, gr:rvelly seclim€-'nts attcl large pore

spzrces. Clay cleltosits, fol exanrpler, are urol'e likely to contain r,vell-preservetl os-

tlzrcocles antl pollen (Figule 3). The analyses of lhe auger coltulu seclirnents welet
also focnsecl on exar-nining san'rples from a horizontal cross-section of the reseruoir,
ancl fi'om clifferent deptl-rs zrncl areas of the watet' storage feature.

Clay clep<lsits wefe, in fnct, present in auger colnmns OP-1 ancl OP-5, inclicating

that tl-rese locales were favorable for the preservation of ostracocles (Figure 3). The

tltickest clay cleposit (2.40 m) was locatecl in anger column OP-1, near the reservc.rit'

center. 'fr-rfa was also mixecl with the clay cleposits. A thinner clay cleposit (0.59 m)
will'r tufa was located in emger cohurrn OP-5, nezu' the presumecl "shoreline" of the
reservoir. No clay wers obsen ecl in sanrples I'r'ont auger OP-4, near the mouth of
the reservoir'. Tl-rese sanrples also c:ontainetl gravel, sancl, ancl silt. Samples fronr
OP-6 wc-:re exarninecl t.o provirler an analyticztl conl,r'oi, since this augel'was locatecl
outsicle the lerselvoir'. This cole conl.zriuecl alluvial glzrvel, sand, ancl silt.

Sanrples i'r'onr augors OP-2 ancl f)P-Z r,r'cre nol; lrrocessecl to extract biological
matelizrls. I{owr:ver, l.heir lithologi<: properties (i.e., t,lre presence of clay) ir-rclic'al.e
that osh'acodes ancl lrollen zrle likely to be present. Although lftese samples were
not, exarninecl for os1,r'acoclers, ilre rleplh of these augerr smrrples yielclecl usefr-rl in-
fbmraticlrr ort corrsl,rucl,ion of tlte leservoir.

Ostracode Extraction and Identification

Sanrples ltom augr:r' cr)lurttns OP-1, OP-4, ancl OP-S were processecl 1,o cletclurin<r
rvhether ostlerc:ocles wele presellt, nncl sufficiently pleservccl to be l.axonomically
iclenl;ificct. Seclinrent samples l'r'om ar.rger conl;rol clolurnn OP-6, loczrl.ecl outsiclel t,ht:
reservoir', werc' zrlso exzunined for comptrrison witl-r sar-nplcs examinecl fi'om t,lie
reseirroir. Aborrt. ,10 g o1' seclinrcnl. fi'onr each sample w?rs plocessecl ibllowirrg
the routiner li'ceze-tJrtrw 1,ec:hniqr-re clcvelopecl by Forester'(1991) ancl n'roclifiecl ancl
refinecl bv Palacios-Fest (19911, 1997a, 1997b).

A total o1'91-: clisclel,e szrnrplr:s were cxaminecl lbr osl,racocles, using a low-powel
sl.eleoscopic nrir:r'osr:ope. Of tlie 95 samlrles, no fewer than 33 contained identifi-
arblc. ostlzrco<l<:s. 'ltrplrononric: liral.rrles (ablzrsiorr, {iaglncrrtation, t nr:r'ustnt.ion, r:otrl-
ing, czrlapa<:e/r'nlvt-. :lncl exlrrll/.juverrilc lutios, ancl n rcclox inclex) of r.'irch specimen
ll/ele l(\('or'(lecl 1o estnblish thc llzrlcoecolrigical ccnclitions of lhe lcserwoir.

Tlic: populzrl, ion o['ostla<:oclcs l,haL in]rabil,erl l,hc leserrvoir wns nronclsp<rcific, r:cln-
sisting nnly of lfelettoctlyt ' is uttl i l l iertsis (Figulc:4). With I 'cvv exceptions (i.c., Ne-
varla), l,liis sl.lcrr:ies is sclclorn rlclcuruentccl in Lhe Anerrican Soutl'rwest (Irort:st,er',
pelsonal <:ornnturiczrl,ioii, i9[)f)) ancl il, is rrost conlnronly tbuncl in the O:rribbc.an.
All fossililtrous szrurples urerc chzrlacl,erizercl by a rcltLtirrely low zrbtrnclzrnce (n :

1--24t)) o1'specimerrs. He!eto(!/pris ntr,t i. l l , i ,c??s?:s ranges iu size fionr 800 to i000
mtu, ztttcl it conturortlv ()('cLlls irr springs ancl seleps comprisecl o1' clivelse hyclro-
cht:micai conrposil, ions (Folester, 1991). It is an eurythelmic (11 to > lJ0'[)) zrncl
etttyiralinc slrec:ies C7fl0 1o > 4000 pSlcnr). A key charactelisl.ic oI'lhis gentrs is
i1s ability to grow unckrr st,r'ong tcnlperrrturo an(l chemiciil graclienl,s (e.g., San Ltris
Llot Springs, Cololado; St. Dzrvicl Slrrings, Alizona) (Folester, 1991).
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ffiffix

I r igrr t 'e4.Sr: i r t tn i t t13t l l t ' t . | I r t t l l l r i t . t . r ls t . t l ; l t . (SI l [4,) i r r r r rgctr I ' t l t rct l1 '

b l l< l<t ' r ' ,  l ! ) l i2)  osl lacor lcs Ltc:or,cr t r l  I ronr l l rc Lc 'st-r ' r ,o i r ' ; r r rgt ' r 'sarrrplcs rr l  s i lc  AZ Z: l : j : l  (ASN'I) .

I i ' igures 5 antl 6 i l lust,r 'ute t.her plcrlrolt, ions tl l ' t l i t l 'olt:nl 1tqlitortontic:, pit lc'occolog-
ic:al, zrnrl palcontologiczil lrlal.ules .for' ['Iclcxtr:]/lt t'i,s tt tr t.ilI i,t:ri,sr..s. Irrngurcttl al.ion rrat'-
ies tionr low (.< 10%) 1,o extlenrc.ly high (;, fX)'./o), alrlasion ancl encrirstlrl;iort itle'
mo<krratelv low ( I l- i-zl0%r), c:ozLling is lclu' ( .- 20(Xr), arr<[ lhc rerl<lx iu(lex shon's slight
oxiclal.ion of v:rlves. T'hc c:rrrzrpnce/vzrlvc r':t1.io irrdit:iiles cxlt'ctttely l'tiglt t'ate r:l'<lis-
zu'l;icnlatlorr oI lhe valvcs. 'fhe acltrlt/jurrenile Lritio shovr's rlontirtance of aclttlts
I  l t r r r r rg ixrrr l  t l r t '  i ' r 'cot  d.

Anger cohtnur OP-l nroslJy contaiils valves of aclrrlt ostl'it(:o(les. Ilou,et,er, ztttgcr
OP-l> is n<.rtable for its abrurclance ol' jnrrc'niles, inclic'ating tltal, irclull <.istlacocles clicl
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PALEOECOLOGY OF WATER STORAGE IN A HOHOKAM RESERVOIR, ARIZONA

molt successftrlly and complete their life-cycle in the deeper parts of the reservoir.
Moreover, they likely foraged on aquatic plants near the water surface. Biological
reprocluction probably also took place in this area. Angell and Haucock (1989) have
demonstratecl tl-rat Heterocgpnis lays eggs and cernent thern to a suitable substrate

like grass sterns ol leaf litter. Therefore, it is conceivable that upon ntaturity, an-
t,illietzsis migratecl from deeper areas of the reservoir to shallow vegetated portions

of the reservoir.
Since the life-cycle of HeterocyTn'is is estimated to be no less than 3 tnonths

(Brooclbakker, 1982, 1983), ancl perhaps longer, sttrface water was evidently
present in the reser-voir for a considerable period of time. The large size of some

of adult ostracocles fufther underscores the effectiveness of this facility for storing
water. A study of pollen from the reservoir sediment samples was undeftaken to
provide an inclependent; assessmeut of ostracode clata.

Pollen Identification

Due to the clifferent extlacl.ion melhocls used for ostracocles aud poilen, separate
porl,ions of each sedir"nent san'rple were set asicle for pollen analysis. Thus, pollen
dal.a were acquired for the same auger columns that were exarnined fbr ostracodes,
This proceclure was followed to integrette data from the two studies. Pollen was
preservecl in all samples, with identification of 200 grains in each case (Fish, 2002a,
2002b). 'Ihe preclominant pollen l,ypes reflect shrubby and herbaceous species of
cleselt vegetation resemblir-rg that of the present site locale. Although a wide variety
of pollen was iclentifiecl, two taxer were especially relevant to evaluating the dura-
l.ion of water in the I-Iohokarn reservoir'.

(l:rttail (Typha, sp.) pollen was founcl sporaclically from eurger samples liat range
in clepth from 63 cnr to 275 cm. Since cat,tail requires perrnanently clamp soil, il.s
presence in the zruger sarnples indicates thal. water wa.s present, in thc' reselvoir'
year-round. Indeecl, cattail has been clocr-rmented at nal;ural wetlands (e.g., spr:ings
zrncl rnarshes [cienega.s]) and water-holding bedrock depressions (l'i,najas) lhrough-
otrt tlre Papagueria (Felger', 2000:24-2rJ). Excepl, during the rnost extrerne drought
yeals, somc of l.hese oasers yielcl water on a perennial basis (Irelger, 2000:26, 562).
flatl,ail seecls are report,eclly viable for mar-ry years, and once a wetlancl is rechargecl
with water, it is likely to reemerge (frelger, 2000:562).

The vertical disl,ribution of cattail pollen across more l,han 2 m of the reservoir
auger colurnns confirms that cattail was present at the reservoir for mucl'r of its
life history. Since cal.tail grows in wal.er as cleep a I m (Felger, 2000:562), it would
have growr-r along tJ're eclges of the ancient reservoir. To procluce pollen at relrro-
cluctive nraturity in the spring, tlre plants must have been sustainecl by wet cot-tdi-
t,ions over tl-re prececling year. Althor.rgh cattail conld be introclucecl repeateclly to
the reservoir by wincl or biological agents (e.g., birds, people), its generally con-
sistent presence in the leservoir sarlples affirms that this facility was a tnoisture-
rich enviror-rment on a reculring year-round basis.

GEOARCHAEOLOGY: AN INTERNATIONAL JOURNAL 131
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Seclge (C'ypera,cea,e) pollen is also distributecl alnong the leservoir seclirnent sam-
ples. Ilowever, since sedge can grow in seasonally damp soil, it is not as strong an
indicator of year-round water storage. Although sedge ollers only a weak signatnre,
its presence does point towarcl the persistence of nroisture or water in the reservoir.
What remains to be answerecl. therefore. is whether waterr from the reservoir was
ttsed to water plauts, or usecl only for huntan consuntpticrn. 'lhe brol<en cerarnic
vessels for.rncl on t,he reseruoil embankrne]rts were possibly use(l to transltort, walr:r'
to other locales within or beyond the archaeological sil,e.

Notably, no pollen of cultigens (or any other pollen signature inclicating subsisli
ence renrains) was obserwecl in the reserwoil sarnples. IIowever, pollen fi'om cul-
tigens is often rare in Hohokam reseloirs (e.g., Irish, 198;'J:598-603; Oiolek-Tolrello
and Nials, 1987:290), ancl thus faih-rre to rec:over it in these samples is not conclu-
sive. Iucleecl, this absence nray also reflect ancient, efforls to keep the reservoil ancl
its inunediale etrvit'clts fi'ee of refirse ancl clebris, since it ploviclecl a cril,ical suplrly
of wat,er. As recenlly as the 1980s, contel-nporary Tohono O'oclhanr Inclians u'ere
witnessecl buming weecls ancl other vegetat,iorr that obslr'ucts surf:rce flow tcl tht'ir
reservoirs (Nabhan, 1982:28).

Allhough polleu from cultigens was not c.ncollntered in the reserrroir samples,
other polleu types suggest that agriculture on sonre scale was potentizrlly practicecl
near ther reservoir'. Samples recoveLecl below 63 cnr, likcly <leposil,e<l cluring site
occtrpal,ion, yieldecl chenopocl ancl amarant,h (dt,ert,o-cr,trr,) pollen in greatel f}equert-
cies than samples frorn the r4rper' levels, likely cleposited cluring post,occulral.ional
filling. Because chc.nopods ancl arnaranths plolif'erate in the weecly llora of cttll.ur-
ally nrodifiecl environs, cheno-am pollen is ty1:iczrlly :rbturclant in the sediments of
Southwesl,ern archa.eologictrl sit,es. Pollcn of a suite of three zrclclit,ional weecly
plants was also present in the rr:servoil samples: spiclerling (Boerhrt,utri,ct{.ypc),
globe nrallow (Sph,u,urr.l,cecl sp1r.), and Arizona poppy (I{ol,lst,rctrzrttda spp.). Elevaterl
frequencies of these three are an inclicator of land clisl,rrrbance in ancient zrgric:ul-
tural fields associatecl with l{ohokam occup:rl,ions elsewhere in southern A'izolla
(Fish, 19811, 1994). All these weedy species also may rerflercl. non-zrglictrltnral actirr-
ities al, settlements thal; clisturbecl ar-rcl enriclrt:cl the soil, sr.rch as pit house constnlc-
tion and refirse disposal.

In short, poller.r fror.n the reservoir corrob<-rrates the eviclcnce for a past wateF
rich environmenl. that was cletectecl wilh the ostracocles. 'fogether, these lines
of evidence sllpport lhe hy1:othesis thzrt the leservoil was a r"eliable source o[
wnter for resiclents of the ancient village. Flowever', thc chronological periocl(s)

when the reseloir was nsecl were uncrertain, altl-ror,rgh decoratecl ceraurics were
present on the site snrface. Although the Ilohokam cerarnic cl'rronology is relatively
well clevelopecl (see Dean, 1991), estinrating the age of the reservoit' rvith surface
ceraurics is fraught with nncertainty. Fort;unately, planl. charcoal was recovere(l
fi'om the auger colulnn salnples. This charcoal was taxononically iclentifiecl attd
nsecl to acquire independenl age-esl,irnations of the reservoil rria racliocarbou as-
SAYS.
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PALEOECOLOGY OF WATER STORAGE IN A HOHOKAM RESERVOIR. ARIZONA

Charcoal Identification and Radiocarbon Age-Estimation

Samples from auger cohunn OP-5 were examinecl for the presence of plant rna-
crofossils. Relatively little plant nraterial was present in the sediments, excepl. for
a small llumber of carbonizecl woocl charcoal fragments. Fonr samples of woorl
charcoal liom auger column OP-5 were selected for taxonornic identifical,ion and
racliocarbon clzrting (Table I). All of the samples were clicotyledonous wood; just

two coulcl be icler-rtiliecl firrther as possible mesqtdte/acacia (cf. Prosopis/Acacia),

both of which ar-e locally available aborescent legunes.
The ranges of the age estimations at 2 standarcl deviations (Table I) inclicate that

the charcozrl samples werc-. burned sometime between tl-re early 13th and nricl-15th

centuries. In t,erms of the I'Iohokan-r chronology, these bumitrg eveuls evtdently
took place durittg the Classic periocl.

Nonetheless, one of the charcoal age-estirnations (i.e., OP-5-5[2]) fi'om the res-
ervoir sarnples is arguably problematic, since it was recovered ottly 50 cur below
the surface of the reservoir', and yet it produced tl"re earliest age-estimation (Table

I). However', the plant genus for 1;his sample was nnidentifiable, whereas the sarn-
ples that proclucecl youngor age estirnations (i.e., OP-5-5, OP-5-19, and OP-5-20[1])
were clerivec'l frorn r.nesquite (Pt'oso1t'i.s), a, comlnon tree in the vicinity oI' the res-
ervoir toclay. Thus, it is possible that the cl'rarcoal sanple that proclttced an zru-
omalously enrly dal;e (i.e., OP-5-{'[2]), given its relatively shallow stratigraphic- lo-
cation, was clc-.rivecl Ii'orl "okl wood." The Sonoran Desert's xeric climate pronrol;es
the excepl,ional preservation of deacl, clecay-resistant woocls (rnesquil.e alnong
them) fbr clecircles ancl even centnries, resulting in an easily gathered fuel wood
sr4rply. Oons<:quent,ly, age esl.irnations I'ronr samples of "olt'l woocl" rnay yielcl <l:rlcs
that are nluch earlier tl'ran the archaeological event of intelest (SchifTer, 1986).

Alternatively, it is plausible that l-Iohokam maintenance and opelation of lhe
reservoir alterecl the vert,ic:al distribution of secliments ancl charcoal in this facility.
Perioclic "clreclging" ofl the rcrservoir wa.s possibly undertaken by the l-lohokzrm to
enlarge its water stol'agc capacity as human population of the settlernenl. increersecl,
or as the reserwoir beceune <:logged wil,h alluvium and plant detritus. In la,ct, the
relat.ively high liagnentation ar.rcl abrasion ol ostracode valves does inclicate that

Table I. llacliocarbon age esliruaLions lbl lcservoil chalcozrl sarliples."

Calil:r'a1:etl A.l). Rauge at 2 Stantl.
Dcv. (Maximnm & Nlininrrrnr ol

Caliblatetl Agc ilstiuratiols)Sit.e No Arrger SarrrJr lc

r iC Age yr

I I .P.
Oaliblatetl Age

yls A.D.

AA37 I 20
AA37121
AA37 122
AAt7123

oP-5-5
oP-5-5(2)
OI)-l-,r- l9

ou-5-20

7l-r3 :r ll8
l-r39 * J8
736 -r: 37
tiTft + 66

1278
1409
1281
l29il

t2t7-1297
13l6- 1439
1223-1376
r223- 1408

"The age est,inlzll,iolls caliblations were produccrl usirrg Stuivel alcl Reinrcr's (1993) OAJ,Ill l)rrrgranr
(Velsion 4.2).

GEOARCHAEOLOGY: AN INTERNATIONAL JOURNAL IJJ



BAYMAN, PALACIOS.FEST, FISH, AND HUCKELL

t,l-tis feature was perioclically clisturbed, perhaps by efforts to clean and maintain
its etnbatrkr-nents. Moreover, postoccupational biotr"rrbation rnay have transported
small fragtnents of charcoal above or below tlieir initial provenarce in the resewoir.

In spite of these potential problems, racliocarbon age-est,irnat;ions strongly sug-
gest that the reservoir was constructecl and usecl during the Classic periocl. Int,er-
estingly, decoratecl ceramics on the surface of the site inclicate that this locale (if
not the reserwoir) was also utilized in some fashiorr cluring the Preclassic period
(Raukin, 1995). The acloption of reservoir technology in this desert locale in the
Classic period has important implical,ions for archaeological models of Hohokzrn'r
economic organization.

DISCUSSION

Str.tclies of the reserwoirs' paleoecology confinl that it was alt effective clevice
for capturiug and storing surface rturoff on a perennizrl basis. 'l'he ostracocle anal-
yses indicate thal, water was present in the reservoir for no less than 3 months, and
prclbably nrrrch longer. The species of ostrzrcocle (i.e., I'Iet.eror:ypri.s an.t.'i,l.l,i.en.si,s)
lhal; was recovered from the reservoir requires no less ll-ran 3 nrontl-rs to reach a
stage of maturity suffi.cient to procluce offspring a.ncl to molt, thus completing its
lifecycle (Brookbakker, 1983). The eviclence that this took place confimls that the
watershecl sulrouncling the reser-voir sqrpliecl sufficir-.n1. water for the clevelopment
of juvenile ostracodes into aclults.

Indeecl, the large size of the adult ostlacocles irnplies that water Ibr er.rcouraging
their growth ancl clevelopmenl, was presurt fbr more than l;hlee months. 'fhe pres-
ence of cat;tail pollen (T'gplza.) provides stronger evidence that water was present
within lhe reserwoir on zr l<.rng-terur basis. Althougir the tol-al volume of water n.nrst
herve fluct,ual;ed within an annual cycle, it, woulcl have bcen quickl.y rechargecl by
clivert,ecl sheetwash cluring the winter arlcl sunnrcr lainv seasons of the Sonolzrn
Deserl,, Whiln ostracodes confirm the presence of water in l.he reservoir for no lcss
tlran ll mottths, the catl,zril (I\yplza) pollen illustraies ilrat son.re water vi'as pLesent
olr a year'-ronnd basis. 'l'ypha flourishes in natural ancl arti{lcial wetlands ilrrough-
ont the Sonoran Desert (Felger, 2000:562; I.'elger et al., 1992), trncl its presence in
an ancient lerservoiL is a sigrrificzrnt ancl unprccerclenterl lincling in Hohokan'r ar-
chzreology.

This r-rcwly recovelecl data cornplemenl.s previor"rsly clor.:unrentecl aquatic and
senriaqnatic botanical ancl faunal renrains at olher archncological sil,es with reser-
voirs in the Sonoran Desert (Table II). These remairrs incrh.rcle seeds ancl pollc+n
frot'n a variety of plants, as well as the remains o[ a mncl l,rrrtle. 'logether, tJrese
clata strongly imply that Hohokam reservoirs werc relierble solrrces of wal.er.

ARCHAEOLOGICAI IMPLICATIONS

l'he conclusion that the reservoir was capable of storir-rg watel on a long-ternl
basis has profbund implications fbr the arcl'raeology of Organ Pipe Cactus Nal.ionetl
Monnrneut, and the broader Hohokam territory. Archaeological trtodels of Hoho-

voL. 19, NO.2
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Table II. Aquatic antl senriarlrratic: biokrgir:al Leurains docunrented fi'ont Ilohokam reselvoil'sites.

Biological Renrzrins

Ilohokanr

Periocl of

Or:cupation

Stnte No.

ancl/ol
Silr: Name llefelences

AZ Z:13:1 (ASNI)

AZ Z:11):1 (ASM)
AZ Z:I i t :1 (ASNI)
AZ t l :1ir:98 (ASNI)

Pool !)8
AZ Li:1{:7i l  (ASN4)
Snriley's Well
AZ AA:;):J2 (ASN{)
Grr A<:hi
AZ Z:12:1; l  (ASNI)
( iu Achi
AZ Z:12:1; l  (ASl\ ' l )

Cz'rttail (?'y7rlzn) polleti

Ostracocles (H r: I e roc y p t' i s)

Seclgc (('.r2r'r rr('cr (') pollcn

Scrlge ((li77.rt:r ncerr a) polleu

Seclgr' ((.y.pr:rrcerrc) prillerr

Dr.rcl<w<:ek (Lalr rrrr ) scerls

llt ecls (l'lrrrrgttr iles)

tNltrrl tur'l lt ' (l{ i r tos I r: n to t r s1>.)

[)lassic & Lal:e

Plcclassic

Cllassic:
Classic

Cllassic & Pre-
r;lzrssic

(.llassic & Plc-

t:lassic
Lal.c Cllassic
Plccl:rssic

Pleclassic

'lhis palrer

This paqrel

This papt'r

Fish (1983:{i00.'601)

I,'ish (1981):599)

I3zrynran ct zrl. (1f)97)
(:iasser' ( 1980:i328)

Jolurson (19t10:3{i3)

ktu-n lancl use arxl econ()rlric ol'gzurizatiorl ofl.en clraw a contrast between the sr,r-
called "cole" arxl "peliphely" (c.9., I{anry, 1976; Wilcox an(l Stenlberg, l9B3; Greg-
or.y, 19.91; Mzlsse, 1991; McGtrire, 1f)91). hr such uroclels, I ' Iohokam culture was
centered in a clenst: concentrzrtioll of conll.nunil.ies with large-scale irrigation czrnals
iilong the Salt zrncl Gila livers in thc Phclenix Basin. Settlenrenl.s in these col'e cion'r-
mllnitiers relio(l on irrtensiv<,r aglicllltule thzrl. wzrs enriche(l by lbraging in l.he non-
rivelinr: cleselt (lVl:lssc, 1991). In conl.r'asl, outlying comutlnil.ies away [i'om peren-
nial streallrs pl'actice(l less inl.ensive lbmrs of zrgricultule, since lalgc-scale czrnai
irrigation wzls r1ol, f'eersible iu lenrote clesert al'eas (e.g., Irish el, al., 1992).

Ethnoglzrphic: soulces inclical,e tlrtrl, 19lh ancl 20th century Tohono O'oclham ln-
clians consll'ucle(l water storage reselvoils in rueas of the perillhery that wele
lbrnrerly occupie](l by tlte Ilol 'rokanr (c.g., lJnclelhil l , 1939; Casl.etterancl Bell, 1942).
lVloreovc.r, Tohclno O'oclhiun occr-lpic(l thrrse valley-botl.on set.tlerrents Ior only palt
of each yc.al' (i.e., spriug rur(l sununer) until llt: resci'v<.rirs ch'ied in the carly fall.
'fhis p:rltem of resi(lenl,iarl mobility is sonretinres c:alle(l a "two village" settlemenl;
systerlr. Wit.h the onset o[ winter', nrenrbers of t.]rese reservoir villages typically
relocate(l to vzrcant settlertrcnts nezrl llrourltain springs, or wells lhat were cL'illecl
by the lJniterl Stertes governnlent (Llnclelhill, 1939; Cristet,ter ancl Bcll, 1942).

The turcrit.ical aplllication of this etl-rnoglaphic lnoclel by soure archaeologists
has lecl theni to conclncle thzrt conununities in the lreripl-rery were also relirtively
rnobile (e.g., I-Iaury, 1976), and followed a "two village" settlement syst,enl (e.g.,
Rosenthal et al., 1978:216-219; Masse, 1991:201). This two-vil lage set.t lement sys-
tem was necessar'"y, it is zrlguecl, becanse reservoils wele nollpererlnial sorlrces of
wzlt.er, Tl-re rr-.cen1, cliscovery that some I-Iohol<am reservoirs were capable of storing
water on a long-terrn basis (Bzryman and Fish, 1992; Bayman, 1993; Bayrnan et al.,
1997) inclicates tl'rzrl, alchaeological interpretations of ancient resi(lential lnobility
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must be reconsiderecl (Bayn'ran, 1997). The unqualifiecl applical.ion of ethnographic
moclels that are clerivr:d liorn historicl:erliod accolltlts of the Tohono O'oclham is
clezrrly inappropliate for interpr-eting the I-Iohokanr (L)oyel, 1991; Irish and Fish,
1991; Fislt and Nabhan, 1991). hicligenous populations in the Papagneria, were al-
most certainly less mobile than many archaeologisl.s once belic.r.ecl (I-Izrrtr-nann ancl
' fhurt le,2001:513).

Moreotzer, niobilil.y is often construecl by archaeologists as a behavioral phenorn-
enon thal, pleciucles any clcgrctr of resiclentierl seclenlisrn. In 1he Papagueria, how-
ever', it is likely that sotne tneurbers of Flohokam habital.ior-r sel.tlements engagecl
iu uonlocztl lesoulcie procrlrenlellt (e.9., hrurling ern<1 lbrirging) in the fall eutcl spring,
mrtch like thc historic-periocl Tohono O'odham (Castett<,.r ancl llell, 1942). By con-
trast, other uretntrers of lhese hzrbititl,ion sc-l.tlt,rmen1s woulci hltvr-'stayecl behind to
continue lheir involrremenl, in the plant;ing erncl harvest of crops, production of
nt:lline-. shell ornaments, nncl ol;hel economi<: r.lrcleenrors, In such zr scenario, the
departure of some resiclents clnring perirlrls of lelativerly low precipil.ation (fall ancl
slrring) would ltave reducnrl thc consumptiorr ol'walrr irr luselrroirs, rluring a pr-rriocl
whern its volume tenrpolalily rlin'rinishecl.

Ancienl corttmunities in the periphery must, havc: serve(l an inrportaml, r'okl in
r.rverseeing the circultrtion of mar-ine shell arncl salt fi'om r:oasts along the Gulf of
Calilbruin, in Sonorer, Mexic:o. T'hese valnecl r'osollrccs wele 1r'ans1ror1,r-'cl 1,o settkr-
trtents in 1he Phoenix Ilusin cole ancl elsowhcnr in lhe Nolth Arucri<ran Southwesl.
lJtr<iugh systenrs oI circulal,ion that woulc] harvc incluclerl lrarlnl and thc paynrcrr-rl
of cl<rbt, clamages, ancl briclepric:e (Baymarr, I9!17). f)ilccl, partir:ipzrl,ion in lhc marinc.
sliell ecotronry by populal.ions in l,lle so-crallercl peliphely rn'oulcl harzer glently
sl.reugthenetl theil social iclentil.y trncl e<:onomi<r rrrle in relal,ion to other c:ollunu-
nities irr the Sonoran l)esr:rt (Baymzrn, 2002). IialJrcr'lluur being passive "clelrenrl-
cnls" oI mole powerful l{ohokam in ther Phocnix l lasin (sce McGuire arrrl I lowalcl

[1987], Ibr example), c:onrnrunities in the peliphcry were eng:rg(-.rl in aclvanc'ing lheil '
owu int;et'ersts ztnd agcncl:rs. Iclelntif.ying t,hr: socir4rcllitical ('onscquences of tJris phe-
llonlenoll uilrsl, becolrlc. a lrriority of contenrl-r<)l'ilry fL\seari:h in the Arizona clesert
(Bayman, 2001).

CONCLUSION

'l'his projecl. was pioneeling in Sonornn I)cscr'l, alchzreology wil,h lespect to its
tutrlyl,ic:al methocis. Arch:reologicai sttrclies ol'an<:ient. itscnroirs irr southeln Ai'i-
zona have i:rilecl to firlly invesl.igate lhcil e<:ouorlic firncl,icu-rs in lft.l]rol<am society.
This pro.ject is unique in il.s enqrhi,rsis on lecovering nnd analyzing it suitc of bio-
Iogiczrl reurains (e.g., ostrzrco(los, Ilollen, chzu'cural) t,o test a slrerc:ific scieutificr l'ry-
polJresis, namely, that l-Iohol<anr reservoirs werre capable of sl.oling water- ()Il zt long-
t,crm basis irr l.he Sonolan Dersert. 'l'he iul,eldisciplinary s(:ope of this rescarch and
its int,egrzrtion of urultipie liners of eviclence i'rils viclclecl \/ahlable results lbl exlrlot'-
ing lJris question. 'fhis researc:h con{irms lhal, sclme, if no1, all, Ilclhokarn lesertvoils
were calrable of storing water on a yezrr-r()Llnd basis.
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The studies concluct,cd for this project provide the basis for additioual investi-
gations that coulcl fnrther refine our understanding of tl-re lraleoecology of Hohokam
reservoirs. Ostracode stable isotopes ancl trace elements could be tneasttrecl aucl
interpretecl, ancl cliatoms could be extracted and iclentifiecl frorn reservoir sedi-
ments. Examination of tl'rese materials woulcl offer a rich corpus of informatiou fot'
furthel assessing the chenrical conditions and biological signatures of water storage

in Hohokam resenroirs. In the meantinie, this stucly of ostracodes, polletr, aucl char-

coal has proviclecl valuable insights on tl're perfbrmance of one reseloir in the
I-Iohokant perilthery. The infomration generatecl by this stucly also provides a firnr
founclation flor cleveloping new rnethods l,o exanrine the longevity ancl economic
implications of ancient water storage technology.

' l 'his lescalch was pall iallv srqr;rolte rl by a glanl. flonr the Southwesl, Palks and i\,lonunrents Association.
lVe sincelcly eq)pleciill.f, llre assistartce til ' ' l ' inr Tibbitts, Iteseat'ch Ccror'<linalor, at Ol'g'ur Pipe ()actus

Nationtrl 1\,lonunrent. Rcsirlcs hc\rilg us nrge lthc'reselvoir', Tim shared lris lich klowlerlge of tirerratut^l
h is|ot .yof t l t t l t t tot l t t t r r t ' t t t t r t ' t 'a. lVo:tLelz l lsogt.atc ' l \ t l fot '1 l t<:sr tp1lot . t t l |ot t t .p ln jcc[ ,bvWil l iat t ts\ \ / t ls '
Supr.r'intenrlcnt of C)rgan Pipe (la<'trrs Nal ional N,lonumenl., Suzanne ,I. Wells (Westc'r'n Alchcologicnl and
( 'o l lsetr ' : t [ i t l t r ( )er t tcr ' )1 l t 'or ' i<k ' t l t lswi l l i t . t t lcr lat t t t t r .c l ru lo l r rg ictr l fe l )0 l . |S.

st<illlirl ficltl :rssist:utce ol'Ror Rccrklr'ilh an(l Slrive llaumnun, alchireologists \,"itt thc Weslcnr Alt:he-
ok>gic:al  rn<l  ( lonscrval iorr  Ct ' r r l . t r ' (Nal ioual  Pzr l l< Solv ice).  The SBIVI phol ,oul icrograph (Plate l )  was
kiurllv ploclrr<'o<l b,y Dr. Ana Luiser (lallcrio (lnstitul.o de ticologia, tJNAN4), M. Sci. Ciuruerr Rosalcs
(lnstil.rtt.o i\,lcxicuuo tlel I)cllriloo), aurl'l 'tic. l\,lalc:clltr Itosaula llgtrlte Fk-.rrrhndoz (lnslrituto N,lr'xicano
r le l [ ,ct t ' r i le.o).Final ly, t , t , t ' t I r : tn l<I i t l lyacl<trou' lcr l9t ' t l ro( . ( ) I1s1: l ' t lc t iVe( 'o l l ] l ( I l tS
arlicle hy Vcrrr Sr::rllror'ough :rrxl llollc l\,landel.

REFERENCES

Angel l ,  R.W.,  & H:ruc'rx ' l<,  J.W. (1981)) .  I lcs l ronse o[  eggs oi  Helexx'11pt ' is  i t t ,ot t t l t 'uct ts (Ost lac(xla) to
oxl;cliurerttal sllcss. .Joulnal o[' (]r'ustaccrln lliolog-y, 0, Stjl -;186.

Ant ie i tu, . I .Nl .  (1981).  I lxcavnt iorrs along t l r r .  Pakr Volr le pi l rc l inc,  I lest-ralch Pa1rcl  No.20. I . lagstal l ,  AZ:
Nlrrscrrnr ol Ntlrlhcrlr Ariz<-rrra.

llayuran, 'l.NI. (199J). [{ohokanr lcsel'\roirs: Watcr'<'onscr'',.zrtion ancl serlenlisnr in the int<'r'iolclest'r1. ln
J.I-I. Nlaclscn, P.R. i'ish, & S.I(. I,'ish (llds.),'l 'hc uolthc.r'n'fucson basiu survey: Rescalch rlilccliorr
aucl bzrcl<gx>und st.urlics (pp. 143-.157), i\.r'izona Stal,e N{useuur Alchaeological Selics No.1,S2.'l 'ucson,
AZ: tiniversity of Alizona.

Bayuutn, .I.N,I. (1997). Wrtet stoltrge iu h'ehisttr'ic Pap?rguelia ancl tlic limitations of etlrnoglaphic aual-
ogy. In J. C)arllcntt:r' ct G, Sancirez (llds.), Plelristoly of the borclerrlarncls: Rccent resealch in llre
alc'lraeology of uorll"reln N4exic:o zul(l tho soullicnr Southvvost (pp. 85*f)3), Aliznna State Nluserun
Alchacxrlogit'zrl Selics No. l[J(i. Tucson, AZ: Lluivcrsi(,y o1'Alizona.

Bnynran,.l.N,I. (2001).'l 'he Llohokanr of soutliwest Nolt:h Aur€'dca. Jounral r:f Wolld Plelristol, [.:,2it7-
311.

Bzryman, J.M. (2002). Ilolrt-rl<lur (:Lafl et:clnomies and the materializatrion of power'. Joumal of Alchac'cr-
logical Nlethorl and Theory, 9, 69-.95.

l3arynrau,.I.M., & Irish, S.l(. (1992). Resc.r'r.oirs eurrl localional shilts in Souolan l)escll subsisttuce. hr
I).11. Croes, R.A. I-larvl<ins, & 13.L. Isaac' (llcls.), Long-turm subsistcnce change in prehistot'ic: North
Altcrjca (pp. 267-:106), Resealch in Econonric Anthlopology, Srq;plenrerrt No. 6. Gleenwich, (lT: JAI
Pless.

Baynran, J.NI., Palacios-Fcst, NI.ll., & [Iu<:l<c.ll, L.W. (1997). I]ottrnical sign:rtules of \^'2rtelstorage cluration
in a I lohokanr Leselvoir ' .  Aurel icnn Anl iqni ly,62, 103-I I1.

GEOARCHAEOLOGY: AN INTERNATIONAL JOURNAL 137



BAYMAN. PALACIOS.FEST, FISH, AND HUCKELL

Bt'oodli:rkket, N.!V. (1982).'l 'he genr.rs Hetex;cy1.tris (Omstzrcear, Ostlacocla) in the West htdies. Parl I.
Taxotrortric chalactel's. Bijchagen tot cle Dierkun cle, 52, 207 227.

Brootllrirkket', N.W. (1983). The genus Heletocyltt is (Crtrstacca, Ostracoda) in tte West Intlies. Palt II.
Oar':rpace length, ecology an(l zoolleogr:rphy. Bljdlagen tol; de Diell<unde, 53, 115-1,]4.

Blount, 8.1'., & Johnsorr, R.R. (1983). The clisllibution of bechocl< deplessions (Tin:\jas) as soutces of
snrf:rce watel in Organ Pipe Czrctus Nalional i\4ontuucnt, Ar-izona. Journzrl of tht' Arizonzr*Nevada
Aca<lenty of Scienct, lB, 61-68.

Clasl.etter, D,F., ct Ilcll, lV.H. (1942). Pinrtr erncl Paptrgo hrdiarr zrglicullrut:. Albuquerque: University of
Neq, N,lexico Pl'css.

Ciolck-'Iorrollo, l?., .t Nials, I.'. (1987). Recl lock LeseLvoir', NA18,022. In ll. (liolek-Tollello (Ilcl.), I{o-
hokanl scttlenleut along tlle slopes ofthe Picacho Nlnuntains, I'lre Picaclro illea sites, Tucson Aq-
ruecluct Plojec't (14r. 265-293), Resealch Papcl No. 35. I.'lagstatl, AZ: I\,iuseum of Northem Arizonzr.

Cllotts, I-I.V. (1915). Rqrolt on noma<lic Parpago sulvcys. Unpul>lishecl lel)or1 ol'the tlnite(l Statres hr(liall
Set'r'ice in the Alizona Slnte N{useum :rrchives, lhrivelsil,y r>l'Alizona, 'l 'ucson.

Ooates, D.R. (lf)l-r2). Geology of grounrl rverter in thc Olgan l)ipc Czr<:tus Nationzrl lVlonurnent, Repolt.
!\rashington, DC: tl.S. Geological Sulvey.

Derrn, J.S. (1991). Thoughts on llohol<anr chlorrology. In (i.J. (itrnremrln (Ild.), llxl;loring the Flohokaru:
Prehistotic peoples of the Aurelical Southlvest 0rp. 61-149). Albucluerlque, NIVI: [.lniversitl ' of New
l\4exico Pless.

Dodge, N.N. (19{i,1). Organ Pipe ()z-rctus Nat:ional Mouuurent, N:rtrrral Ilistor'.y Hanrlbot.ik Series No. (i.

Wa.shington, DC.
Doyel, D.E. ( l99t). Ilohokaur cultural evolution in lfte Phoeuix llasin. Irr G.J. (iuurennau (Ed.), Bxploring

llte l{ohokam: Prehistoric deser'l peoples of the Soulhu,est (l)p. 1;13-161). Albrrqrrelqun, NX4: Lini-
vclsity of Nes' Nlcxico Pless.

Ftlgct, Il.S. (2000). Flot'a of the Glan Desielto ancl llio C.lololaclo of nolthr,r'es{eln N4oxit:o. Tur'son, AZ:
Tht' Lhrivetsity of At'izonzr Plcss.

Irelgcr', Il.S., Iioylcs, !V., \\/ilson, i\4., & Nabhan, G.P. (lL)97).'l 'hc, Binatioual Sonoran Destrt biosphele
netwol.k anrl its plant lifie. Joul.tral of the Soulh\4,r.-.st,;19, 4ll-l-rG0.

Felgert', R.S., !Vat'r'cn, P.1,., Anrler'.son, L.S., & Nabhrrn, G.P. (1992). Vasr:ular1;lants oIn cl<'sell. o:r.sis: Irlola
iur(l cthnobol.any of Quitobaquito, Olgan Pipc Cactus Nallonal Nlornrnrenl, Alizona. Ploceerlings cl1'
tlte San Diego Socicly of Nal,ularl Ilistory, tl, I--i19.

Fish, P.lt., ct. Fislt, S.l(. (1991). Flohokaur social an<l polit.i<:erl organizatior.r. In (i.,I. Gunrenuan (erl.),

IJxploling lhe Hohokam: Prcliisloli<' tlescrt pcoples of thc Southwost (pp. illl|- i6l). Allxrquolquer,
N[{: l]rrir,ersity of Ncrv l\'lexit:o Plrlss.

l.-ish, S.I(. (198:3). Pollen fi'onr agricultul'al I'eatures, Appcn<lix A. In L.S. 1'eagtre & P.L. ()rown (Iicls.),

Ilohokant archaeology alollg the Salt-Gila Aquctlucl., centlzrl Alizona plqject, specialized zrctivity sites
(pp. 575-U0J), Alizoner Stal.e Nluseunr Alchaeologicll Selies ll-r0 (Volunic lll, Part, V). 'fucson, AZ:
lJniversily of Alizona ['r'css.

Itsh, S.l(. (1985). Prehisroric clisturbancc florzrs of lhr: lowel Souolau (lesert trnd theil iurplicatious. In

Il.F. Jacobs, P.L. Fall, & 0.1(. Dzrvis (Ilcls.), Late ()rratemary vcge{.ation auxl climate in the Amelicau
Southwest (1p. 77-88), Clontribution Series No- 16. Ilouslon, 'l 'X: Anrcrican Association of Stlzrti-
glaphic Palynologists.

Irish, S.I(. (1994). Alchaeological palynology o{gar'(lcn an(l {iel(1. In N. Miller'& I(. Glcason (Eds.), The
alchaeology of gnlclen ancl fielcl (pp. 4a*U9). Phila(leh)hiil, PA: Ihli\/ersity of Pcnnsvlvania Press.

Fish, S.l(. (2002a). Appendix III, Pollen identification (lata. hr J.M. Bayman & M.ll. Iralacios-Fest, lVater'

st.orerge in a Hohokaur rescrvoil at Organ Pipe Cactus National Monument: F'inal Repolt to Southwest
Palks ancl Monrulents Association ftrp. 31-32). lJnpublishecl rcpol't orr file at the Wesl.enr Ar'<:heo-

logical Center', National Palk Service, Tucsou.
Irish, S.l(. (2002b). Appenclix [V, Othel pollen types in samlrles. hr J.M. tsayman <t M.R. Palacios-Fest,

Water stolage in a I-Iohokanr leselvoil at Organ Pilrc Ozrcl,us Nafional Monuurertt:: Final Report to

Southlvest Parks and Monuments Association (p. 33). Lhrpnblished lepolt tlrr file at the Westertr

Archeological Centel', Natiolinl Parl< Service, Tucson.

138 vol .  19,  NO. 2



PALEOECOLOGY OF WATER STORAGE IN A HOHOKAM RESERVOIR, ARIZONA

Irish, S.l(., l. ' ish, P.R., & N,ladsen, ,i.tl. (1992). Ther Nlar':rna community in the I{ohokaur wolld, furlhro-

pological Ikrse:u'ch Papet No. 56. 'fucson, AZ: lhriversity of Alizona Pt'ess.

Fish, S.l(., & Nabhan, G.P. (1991.). Desert as context: The Hohokam envil'omtent. Itr G.J. Gutlet'ruati

(Ecl.), Dxploring the Ilohokam: Plehistoric (lesel'[ peoples of the Arrrerican Southwest (pp. 29-60).

Albutluelquc, NM: tlnivelsit.y of New Mcxico Press.

Foleslcr', R.N4. (1991). C)stlat:orlc assenrblages frour splings in the western Utritecl Stzrtes: Iniplicatiotts

.[bl pale<ihyihology. lVlenroils ol llie Erl.oniokrgical Societ.y of Canacla, 155, 181-201.

Gasser', R.tr. (1979). Seetls, seasons, and ecosystems: Seclcntary l-lohokant gt'otq;s iu lhe Papaguet'ia.

ICver.  44,  i01- I  I  l .

Gasser, R.lt. (1980). Aplrendix A: Seeds, seasonsr and ecosystems. In W.B. Masse, Excavations at Gtt

Achi: A Ieappl'aisal of Flohol<aur settleurelit ancl subsistetrce in the At'izoua Papagueria (pp. 3i3-

342), t'ublications iu Anl.hlopology No. 12. 'fucson, AZ: Westeru Alchcological ancl Couselation

Clenter'.
Glaclwin, tI.S. (1928). Ilxcavations :rt. Clasa ()rarrde, Alizonzr, Southu,est Museunt Palrets No. 2. Los Ati-

gcles, CA: Southu.esl. IVh.rseum.

Grcgory, D.A. (1991). Folur an<l va riation in Hohokam settlement pattelns. hr P.L. Ct'own & W.J..lrtclge
(trcls.), Clraco & IIohr;kanr: Plehistolic legional systelns in the Anrelican Southwcst (pp. 159-193).

Santa Fc, Nl4: Sc:hool of Autlican Rcsezrlr:h Pless.

I{artmzuur, Ci.ll., &'l'hurlle, NI.CI. (2001). 'l 'he alchacology of 'finajas Allas, a desel-t \,vatel hole iu sotrtlr
$'esl.crn Arizorra. Ifir,a, 66, 489-l-rliJ.

I{auly, It.W. (1976). The llohol<aur, rlt'ser'l fhlmels :urrl ctaftsureu: I]xcavnt.iorts at Snal<t'lown, 1964-65.
'l 'ucs<-.rn, AZ: l'l ic l.lnivelsity of'Alizona I)tess.

LIunt ingl .on,  I , ' .W.,&' feagrrc,LS (1984).PlraseAcul lu la l le-soulcecver luat io l l .  lnJ.S.Czalr l ick i  (Cont-

l r i ler ' ) ,  A c lass l l l  sr . r rvcv ol  t l rc ' fucson aquc,r luc ' t ;  phzr.se A cor l i r lor ' ,  cenh;r l  A) izonzl  p lq ic( : t :  An
intellsivo alchaeological survty iu t.he lowel Santa Clluz River basin, Picacho leselvoiL to llil l ito,
Alizr.rnzt (pp. llll 19ll), Alc:lileolt)gical Seric$ No. 16tr. 1'u<rsou: lJriirrelsily of Alizoua.

Johnson, P.(1. (1980). Appcnrlix D: Alchtreologic::rl I'aunar fiour Ciu Achi. Iu W.B. N{asse, llx<:avalionszrl
Gtr A<:hi: A lezqrpraiszrl of Ilerhol<zrnr sul)sisteuco zur(l setllonrelll, in the Alizona Palrzrguerlia (ptr. 35f)-
i|79), Prtblications in Antlrropolog.y No. 12.'l 'rrcson, AZ: Wcsl.enr Ax:heologiczrl zrncl (lousolvatiorr
(lenl;clr.

ldc.san, P.L.  (1997).  A gt  o lc lg ic '  lour ol ' {hc lorvcr ' ( . lo lo lzrrkr  l l ivel  legion of  Al izon:r : r r rd Sorrola.  Joulnal
oI  thr :  Sor.r thwost,  39,  5( i7-012.

Nlzrsse, W.R. (19S11). 'i 'hc r1uesl- lbl subsisl('ncc sulTit:icnt:y zurtl civilization in the Souolan Deselt. ln P.1,.
(llorvn & \V.J. ,luclges (llcls.), Cihac:o & Llohokeun: Ilehistolic regional systenrs in the Anrcliczin South-
r,r'cst (1r1r. l9l-r-22;31. Santa Irc, NNI: Sc:hool of Amclican Resear'<rh Press.

t \ Ic( iu i le,  I t . I I .  (1991).  On lhe outsidc lookirrg in:  ' l ' l ie  concepl  of  pcl ipher.y in I lohol<zur errchaeology- In
(,1.J. (lunt'r'nrart (M.), Exlllolirtg tltc llohokant: Plehisl.oric clesert pcoltes of tho Anl(-'lic:lll South-
s'est (1rp. il47-J82). Albucluclqtre, NM: []niversity ol Nen, Mexico Pless.

I\,IcGrrirc, Il.ll., & llou,ald, A.V. (1987).'l 'hc stluc:l.ule arul olganization 01 I-lohokarn shcll cxchauge. 1'lre
I f i r 'a,52, 113-14i i .

Nabharr, G. (tgB2). Appcuclix A: P:rpzrgo hrtlian clesell aglicullulc ancl water control, 1697.-1934. Appli-
cation ol r?lnote sellsing in evaluilting floo(h4'atel fanlling on lhe ['alrago Incli:rn Rcservation.'fucson,
M: Office of Alicl Lzrrrds Stltlies, I lnirrelsitv o[ Alizorra.

Palacios-Fcst, X4.It. (199-i). Nonnrzrline osllacocle slicll chernistry tour ancient Flohol<zuu illigzrl.ion ca-
nals in cerntlal Alizonn: A lralcolivrh'ochemical tool lbr the intcrpl'etnl.ion ol plehistolic hulrtzur oc'-
cupatiolr ot'tl1e \,r'estelr Uuited States. Geoalch:rcology: An hrlemat.ional Jounral, 9, 1-29.

Palacios-Fest, NI.It, (i997a). I)aleoenvironnrentnl leconstnrc:tion of hunran activity in cenl.ral Alizona
rrsing shell chenristry of Ilohokarn canal ostLacodes. Geoalchzrcc.rlogy: Arr Interllational Jorrtula, 12,
211-226.

Pzrlacios-Fest, X,l.It. ( 1997b). Clontinentzrl oslr':rcode paleoecolog.y fi oln the Flohokam Pueblo Blanco area,
centrtrl Alizona. .loulual ol' Alchacological Sc:ience, 24, 965-983.

Raab, L.l\4. (197{;). A plehistolic $.al.er l'cselyoil fronr Salta Rosa W:rsh, southern Alizora. I(va, 40,
295-:J07.

GEOARCHAEOLOGY: AN INTERNATIONAL JOURNAL 139



BAYMAN, PALACIOS-FEST, FISH, AND HUCKELL

Rankin, A.G. (1995). Alcheological stlrvey at Organ Pipe Cactus National Monument, southwestetn
ALizona: i989-1991. Uupublishec[ repolt on file at Western Alr:heological and Corrservation Center',
National Palk Service, Tncson, AZ.

Rosenthal, 8.J., Blown, D.R., Sevelsor-r, M., & Clonts, J.B. (197U). The Quijotoa Valley 1:r.oject. Tucson,
AZ: lVestem Alcheological ancl Conservatiou Centel', National Park Service.

Schiffer, iVI.B. (1986). Ratliocatbon clating and the "olcl \4,oo(1" ploblem:'fhe c:ase of the llohol<anr chro-
lology. Jotunal ofArchaeological Science, 13, f3-30.

Schroedet-, A.H. (1940). A stlatiglapiric sulvey of irlc+Spauish trash mouncls; of t:he Salt River Valley,
Alizona. Unpublisl'rert Master's thesis, University of Alizona, 'Iucson.

Shleve, F. (1951). Vegetation ofthe SonoLan Desert, Carnegie Institrrtion Publication 591. Washington,
D.C.: Calnegie Institution of Washilgton.

Stuiver, iVL, & Rentier', G.W. (1993). High plecision biclecaclzrl caliblation of the radiocalbon time scale,
A.I). 1950-500 B.Cl. and 2500-6000 BC. Racliocarbon,3S, l-23.

Tulner', R.M., & Brown, D.E. (1982). Sonolan clesertscmb. Deser'|, Plants, 4, 181-221.
tlndelhill, R.M. (193t)). Social organization of the Paptrgo Indians. New Yolk: Columbia University.
lVilcox, D.R. (1991). Flohokam political olganizatiorl. In P.1,. Crowrr & W.J. .hrclge (Dcls.), Chaco & FIo-

hokam: Plehistolic legional systenls in t:he American Sotrthwest (pp. 253-275). Santa Fe, NM: School
of Ametjcan Resealch Pless.

Wilcox, D.R., & Stelnberg, C. (l9BB). Flohokam ballcourts and {heit intelpretntion, Alizona State Museum
A,r'chaeological Selies No. 160. Tucson, AZ: [hrivelsity of Alizona.

Ret.:eiuerl Decerrtlter' 18, 2002
Accept.erLJbr ptt.bliccttion May 1, 2009

vol .  19,  NO.2


