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Figure l .  Classic Hohokanr s i tes rv i th reservoirs in south-
ern Ar izona (Bayntan 1993; Bayman and Fish 1992).
Draf ted by Ronald Beckrvi th.

and Feimlan 1989; Nicholas and Neitzel 1984).
A concentration of large canal systems ancl

associated sites in the Salt and Gila river valleys
of the Phoenix Basin has long been viewed as the
Hohokam core or River ine Hohokani  (e.g. ,
Gladwin 1928; FIaury 1976; Schroeder 1940).
Areas to tl're south and wesl of' Phoenix ancl
Tucson where large-scale canals are absent rnacle
rUl one portion o1' the Hohokarn periphel'y. or
Desert Hohcl[<arr-r (Haury 1976; see McCiuire
199 I l irr extended discussron). I{auly's (1976)
belicf that the l lohokarn wele tethercrd to riveline
ilr igation systems was based on early archaeolog-
ical researcir. which, with few exceptions, 'rryas
quite l imited in thc periphery (i.c., I-Iar"rry t95t);
Scant l ing 1940; Withers 1973).

Itecently accplire(i slrrvey data suggest that this
core-perilrhery pefspective warrants considelable
l 'evisioll. In several locales of the Flohokarn
"periphery," I ' iolcl research during the pasl l5
years has identif ied a widespread system of'agri-
cultr.rral production that is located away flom the
major streams and fivers (e.g., Fish et al. 1992). A
growing nr,urber of reservoirs also has been doc-
umented throughout the Sonoran Desert (e.g.,
Ant ieau 198i ;  Bayrnan 1993; Crown 1987;
Hayden 193 l;Wilcox and Stenlberg 1983), and a
few have been excavated (e.g., Ciolek-Torrello
and Nials 1987; Dart  I983; Raab 1975).

Although reservoirs were constructed ancl used
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throughout the Hohokam seqllence, this study
focuses on the Classic period (A.D. 1200-1450)
for which widespread dry-farming and reservoir
construction have been documented in the non-
riverine deserts (Bayn-ran and Fish 1992).
Interpretations of Hohokam subsistence and set-
tlement in the periphery are often based on an
implicit assumption that reservoirs were non-
peremial sources of domestic water, an inference
derived by direct analogy with the dual settlement
system of the historic Tohono O'odham, formerly
called the Papago (Gasser 1979)^ Some ethno-
graphic records (e.g., Castetter and Bell
1942:4243; Underhil l 1939) describe lowlancl
summer villages that relied on earthen reservoils
for storing domestic water. After the summer
rains, reservoirs dried, and villages were estab-
lished in the uplands, where water was retrieved
frorn wells and springs.

A clit ical reevaluation of these ethnographic
accounts, new archaeological data, and analyses
of modern stock pond recolds led one of ris to
propose that plehistoric Hohokarn resert,oirs r.l,erc
effectivc clevices lbr long-ternr, perhaps peren-
nial, water storage (Baynran 1993; Bayrnan and
Fish 1992). -l 'he lbllowing discussiorr presents an
empilical test of this hypothesis b1, 311g"t' ing fbr
botanical remains fionr alchaeological deposits rn
an eart l ien leservoir .at  a l -atc C' lassic (A.D.

1250 13-50) Hoirokam vi l lage (AZ AA:3:32)
(ASM) in southern Arizona (lf igr-rre I ).r

Although firrther research is clearly rvarranteci.
thc discovery o1' uncarbor-rizcd Letnnu seeds rn
reservoir scdinrents provides archaeologrical c:r ' i-
dence ol' long-terrrr watef stor2lge that is not
impliccl b1, etturographic accounts (e.g., Castetter'
and Bel l  1942; Undclhi l l  I93c)) .  This long-ternr
storage clf water in I-lohokam reservoils has impor-
tant irnplications for water rnanagement arld
regional economy in preindustrial irrigation soci-
eties elserwhere in tl ie world (e.g., I(ertnedy 1995;
Scarborough l9SS, 1991, 1993; Scarborough and
Gallopin 199I ). Belbre discussing the implicatious
of this study, we first summadze the substantive
findings of orrr leservoir atrgering progtam.

Description of Reservoir

The reservoir at site AZ AA:3:32 (ASM) consists
of a bowl-shaped pit that is bordered by earthen
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Figrrre 2.  Locat ion of  auger uni ts in reservoir  at  s i teAZAA:3:32 (ASM). Draf ted bl ,Ronald Beckrvi th.

embankments (Figure 2). Dimensions of the
reservoir are ca. 70 x 40 m; augering indicates
that it is no less tl-ran 3.5 m to the base of the reser-
voir. When the estimated height of the original
embankments (2 rn) is included, it is clear the
reservoir was over 4 m deep and could have held
a substantial amount of water.2 With one excep-
tion (Dart 1983), this is the largest Hohokam
reservoir thus far investigated.

Rat i on a le for Attgeri n g

This particular reservoir was selected for study
for a number of reasons. First, it is located in a
nonriverine setting between the Giia and Santa
Cruz rivers. Secon4 the reservoir is associated
with a large Classic-period site (exceeds 2 lan2 in
area) that contains nllmcrous adobe roonrs, walled
compounds, and refuse rniddens. Water require-
rnents would have been quite substantial for activ-
ities such as adobe manufacture, food
preparation, and dornestic consumption. Third,
Arizona Department of Hydrology records on a
modern stock pond at the site indicate that it holds
water for 12 months of the year (Bayman 1993;
Bayman and Fish 1992). The presence of this

stock pond adjacent to the reservoir suggests that
the prehistoric site may have been selected for its
topographic location, which was suitable for year-
round water storage in reservoirs.3

Although these multiple lines of evidence sug-
gest that water could have been stored on a long-
ternr, even pelennial, basis in the reservoir', thrs
hypothesis has not yet been tested with archaeo-
logical data. Augeling for biological remains is
an appropriate rnethod for testing this hypothesis
(Stein 1986), because certain floral and faunal
species cannot be sustained without perennial
water.

Methods

Augering is often used by eatth scientists to
recover sanrples of subsurface deposits, and this
method was highly appropriate for our study. An
auger is a device that cuts subsurface deposits in a
helical motion and retains a cutting (or sample)
from the bottom ofthe bore hole (Stein 1986:505).

Atrgering Program

The original goal of the angering program was to
assess the permanence of water in prehistoric
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reservoirs throLrgh the recovery of ostrac<tdes fi'ont
sedinlents within these l'eahrres, because these
microscopic cmstaceans have been found in areas
with histolies of perennial water such as irrigation
canals (e.9., Palacios-Fest 1989, 1994). Systematic
salrples 'onr deposits in the reservoir at site AZ
AA:3:32 (ASM) were recovered with a hand-dn-
ven, 3-inch-wide (7.62 cn1) btlcket auger. A total
of 88 sediment santples were obtained flom five
auger trnits (Figure 2). In each case, szu.nples wele
collectecl at 20- to 25-om intervals until the auger
reached a hard, impernteable caliche (calciurn car'-
bonate) substl'ahlln at the base of the feature.

Satnple Prrsce.tsing

'Iwenty-one sedinlent salnples wefe selected for
micropaleontological analysis from the auger
units (Table l). T'he samples were intentionally
chosen to include sedinlents from a range of
depositional alld vertical proveniences within the
reservoir. Sedinrent grain size amollg the samples
ranged fi'om coarse gravel in the feature's trpper
deposits to fir.re alluvium in the I'eature's lowest
deposits. Based on the Munsell color systel.n, sed-
irr.rent color varied from reddish (5R4/6) to recl-
dish brown ( l0R4/6). Massive stratif ication and
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some organic debris characterized the upper 1 m
of deposits. Increasingly fine sediments were pre-
sent in tlre lower sllata.

The 2l samples wel'e processed following a
modified version of Forester's ( 199 I ) technique.
This procedure gently disaggregates fi'iable sam-
ples by alternating episodes of freeze and thaw. A
flaction ofca. 20 g was llrocessed, and each sanr-
ple was exaurined for r.nicrofossils with a Nikon
rnodel  1 02 stercoscopic rnic loscope.

Results

l 'he results of the analysis yielded no eviclence of
ostracocles in the secliurent samples, suggesting
that the chemistry of water retainecl by tl.re r-eser-
voil dicl not lavor lheir growth.'r However, au
unanticipated source of infbrmatiou was recov-
eled fi 'onr auger units 2,3, and 5 in the form of
well-pleserved rurcarbonized seeds of the aquatic
plant Lemnu, cournronly ktrown as dr,rckweed.
Seecl fi'equencies ranged f}om 0 in the gravel
deposits (and the control sar-nple) to 62 in the
medium ar"rd fine alluviunr. I{elative flequencies
vary allrong the sanrlrles, ancl it is notewolthy that
seeds at'e most abundant in the deeply buriecl,
f inel sediments (i.e., t l .rose cleposited near the
base of the prehistoric reservoir).

S<tetl I)e.tcription

The archaeological population of Lemna seeds
flrom the reservoir' has a fairly uniform morphol-
ogy. The seeds are ell ipsoidal to ovoicl, with a sur-
face soulpture consisting of a series of widely
spacecl vertical l ibs connected by l lumeroLls
closely spaced trausvelse ridges that create a
leticulate eflect (Figure 3). A bump or opercnlunr
of variable prominence is present at one end.
Dimensions obtained inclucle a mean length of .5
mnr and a nlean cliameter o1' .3 mm. Rib courrts
are estimated to be less than 20, as attempts to
count them resulted in the collapse or f! 'agrnenta-
tion of the fragile specimens. Anastomosing o1-
sclme of the ri l ' ls also was observed (Figure 3).5
All of the specimens are empty seed coats as the
emblyos apparently disintegrated long ago. 'lhe

seeds ale bleached white.
Duckweeds are mernbers of the Lemuaceae, a

family that in Arizona consists of three genera
characterized as small plants that f loat otr or irr
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Figure 3.  l ,c ' f t ,  scanning cler l ron photonr ic lograph of  l .entna seed (x l3 l ) .  Note the opcrculunr at  lef t  end. Right,  scan-
rr ing t ' lectron photonr icroglaprh of  rct iculate surface of  Lamnu seed (x383).  Photont icroglaphs by Lisa l ' luckcl l .
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sti l l  ol slowly rl"roving l i 'esh water (l,andolt 1992).
I )ucl<weecl  p larr ts f lour ish in stagnant smal l
ponds, pools, or ditches thart are rich in ofganic
nral ler  (Hi l lnran I96 I  :23l) .  [ .enrna plants col ls ist
of  snral l ,  rormcl  to elongated, foot-bear ing,
leaf l ike stnrcturos cal led f iunds that seldom
exceed l5 l l1r1r i r r  their  longesl  c l iurension.
Itelrrocluction is accornplishecl both vegetatively
alxl, less fi 'ecluently, through the production of
seecls. Flowering trsually occurs in the late sprrng
ancl early sunlnler; the restrlt ing fiuit is a utl icle
that contains one to s ix seecls (Mason
195' / :321- 335; l , .andol t  l9t)2).

Ic ' lent i i ' icat ion olr  thc alchacological  seeds
beyclnd the genus lcvel is not possible from the
seeds alotre, as insulficierrt systcntatic investiga-
tion has beetr clorre on tlre fhmily's seeds. Rib
counts, the only feattrle consisteltt ly mentioned rn
the l itelature, elre ecltrivocal because species'
rauges tend fo ovellap (l-anclolt 1992). I{owever',
f loweling and fiuit ing habits strggest two species
as l ikely canclidates, because five of the seven
Arizona species l 'al 'ely pl 'oduce seeds (l-.andolt
1992). Tlre two l ' lowering sltecies, L. aeqttinoc-
tialis Welwitsch ({brnrer' ly included in L. pet-

Ttu.sil lu Torley) and Z. gibba L., have been
documented as flowering freqLrently and firrit ing
nrost l i 'eely under natural cor.rdit ions (Hil lman
196l:234, Lanclol t  1992).  l - inr i ted examples of
l i 'u i t ing specinreus in the holdings of  the
University of Alizona Ilerbariun.r for L. uecluinoc-
/ialr.r (IJAFI 139429) ancl L. giltba (LIAFI 161920)

indicate that the seeds ofboth taxa are essentially
identical and {all within the range of fonns found
within the archaeological assemblage as well. It
slrould be noted tlrat the sar.nDle may consist of
multiple species.

Seetl ftreservuIion

The recovery of uncarbonizecl seeds wlls uuex-
pected. When looking at plart remains frorn cul-
tulal contexts, urost investigatofs l"rse carbonization
as the nlaill criterion fol associating items with
human activity (Minnis 198 1). However, othel f'ac-
tors artd agents preserve noncarbonized plant
remains, such as watellogging and mineral replace-
rnent (Bold 196"1:63; Cireen 1979; Miksicek 1983,
1987). Microscopic (9 to I 50x) examination of the
Lenrnu seeds reveals a fragile-looking, spongy
testa composed of two obvious layers that are
recluced to a single layer in the opelcultun, a seeln-
ingly Lrnlikely candidate fol preselvation.

High concentrations of calciunr carbonate in
the soils and water of this part of the Southwest
ale well known. To test fbl the pl'esence of cal-
citrnr carbouate in the Lemna seeds. we immersed
one ofthem in a l0 percent solutiorl ofhydrochlo-
ric acid; no reaction occurred, indicating its
absence. Futnre treatlnent of the seecls with sub-
stance-specific biological stains (Berlyn and
Miksche 1976:89) may leveal some constituents
of the seed coat, indicating whether the cellulose
contains silica, suberin, ol' another sr"rbstance that
would increase its durability.



The possibility of postabandonment introduc-
tion of the seeds into this Classic-period reservoir
appears turlikely for several reasons. First and
foremost, the seeds were found in an appropriate
stratigraphic context based on the seed-producing
behavior of the genus; the rnediurn-to-fine allu-
vial sediments in which the seeds occur are those
that would be expected to form the floor of the
active reservoir. The abserlce of seeds from the
coarse sediments in the uppermost deposits of the
reservoir suggests that this fill is derived from the
postabandonment collapse and erosion of the
reservoir ernbankments. This condition quite
likely precluded the maintenance of the environ-
nrent in which a latge Letnna population could
flourish. Finally, the absence ofinsect exoskeletal
elements (particularly those of seed-gathering
ants) frorn the sediments suggests that bioturba-
tion from this comrnon solu'ce played little ol no
role in the introductiou of seeds into the deeply
bnried reservoir deposits.

Conlexl oJ Seed Protluclion

We offel an explanation for the preseltce of Lentnct
seeds in the lower portions of the reselvoir sedi-
ments that is based on these provisional species
identifications. Seed production inboth Lentna taxa
(L. aequinoctialis ar'd L. gibba) is a response mecl.r-
anism to low ternperafures and dloLrglrt. This paltic-
ular response is uncommon anlong many duckweed
species; rnost species use a shategy of specialized
vegetativc reproduction in which starch-rich, mor-
phologically distinctive fronds (hrrions) are created
that sink to the bottom of a water source (e.g., reser-
voir) and remain embedded in mud until favorable
growth conditions return. Fruits may lloat or siril<,
with seeds germinating either at the surface or
below it (Hillman 196|:234-235).

The extraordinary numbers ofseeds recovered
frorn some of the reservoir sediments (Table i)
suggest that populations of Lemna, sor"ne of which
must have been extensive, produced seeds in sub-
stantial quantities during periods of environmen-
tal stress, perhaps low ternperatures or low water
level. Whethel seasoually low ternperatures (win-
ter) or low water levels (summer) account for
episodes of seed prodr.rction in high numbers is
impossible to ascertain conclusively at present.
Both Lentna species prefer locations in direct sun-
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light (Hillman 1961:232), which lends weight to
the low-temperatru'e hypothesis.

The alternative possibility of low water levels
at t lre prehistoric reservoir at site AZ AA3:32
(ASM) seems less plausible, given the docu-
mented capability of a nearby earthen stock por.rd
to hold water year-round (Bayman 1993; Bayman
and Fish 1992). ln either case, the presence of
seeds fronl an aquatic plant (i.e., Lemna) in a
Hohokam reservoir is direct evidence that these
feafures retained water for a significant portion of
an annual cycle.

Discussion and Conclusion

Tlre lecovery of Lemna seeds has important
implications for the dutation of water storage ll l
Hohokam reservoirs as well as tl le preservation of
botanical  remains in archaeological  s i tes.
Regardless of the conditions that enabled duck-
weed seeds to survive, their plesence offers proof
that noncarbonized plant remains call preserve-
and can be recovered fi'oln-reservoir sedirlents
that are at least 700 years old. The recovery of
these seeds complements additional plant taxa
leported fi'om four excavated Hohokarn reservoirs
(Barber 1983; Ciolek-Torrel lo 1987; Dart  1983;
Fish 1983). Two ofthese reselvoirs contain pollen
fron"r an aquatic plant (Cyperaceae) (Fish
1983:60 1), in addition to macrobotanical remains
and pollen ll'om local clesert taxa and cr-rltigens
(e.g., Zea).

Further evidence for long-term water storage
in Hohokam reservoils was acqr,rired by the recov-
ery of arr aquatic mud turtle (Kinosternon sp.) at
Gu Achi, a large Preclassic-period reservoir site
(AZ Z:12:12 [ASM]) in the nonr iver ine desert
west of Phoenix and Tucson (Johnsorr 1980:363).
'flre lecovery of comr.uon reed (Phragmites) aI
this site also implies that water was stored at Gu
Achi on a long-term basis (Gasser 1980:323).
Although hnman consumption of watet' was a
pressing neeclb, and most certainly led to tl.re con-
struction of an earthen reservoir at Gu Achi, com-
mon reeds alld other biological resources that
tlu'ive in well-watered envilonrnetrts were also
econolrically valuable. ?

Given the data available thus far, we expect
that even more floral ancl faunal taxa that flortrish
in water-rich environntents remain to be discov-
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ered in Hohokam reservoirs. Such data are vital.
Sediment samples from other reservoirs may
reveal ancillary evidence (e.g., phytoliths, pollen,
diatoms, snailss) that bear directly on the issue of
water storage duration. To further test and
strengthen our hypothesis that Hol.rokam reser'-
voirs were capable of long-term water storage,
acquisit ion of such information is essential.
Methods suggested here also should prove useful
in other desert regions where reservoir technology
was part of the economy.
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Notes

I .  Addi t ional  reselvoi ls lv i th Prcclassic or ur ldated col l tpo-
nents (nol  sho*,n i r r  th is l ' igure) are l is tcd in Bayrnan

1 l9t)3:146 147).  Tentporal  c lassi l ' icat ion ol  a l l  reservoirs
rvas based orr  cerarrr ic types l is ted in s i te records on f i le at
the r \ r izona State Museutn or in publ is l red rcports.
2.  Noncornpar lb le lbrrrrulrs l rave [ :eerr  usecl  to cst in late the
maxirr t r r r r  volLrmc ot  wotel  s lorage reservoirs in the
Southwesl  (e.g. .  I )ar t  1983: Scarborough 1988) and else-
where (Kennedy 1995).  Nonetheless.  a study by Scarborouglr
(  1988) convincingly dernonstrates that  IJohokarn reservoi ls

ale relat ively large compared to reservoirs fourrd in other
fegions of  the Southwest.
J.  Direct  analogy between nrodern stock ponds ("cat t le
tanks")  and Hohokarn reservoirs is f raught wi th potent ia l
conrpl icat ions.  Nonetheless,  many rnodetn stock ponds (cat-
t le tanks) and Hohokam reservoirs are loughly cornparable in
nlorphology and size.  are located in s inr i lar  topographic set-
t ings,  and therelbre provide sonre insight into nterhods oi
landscape engineer ing devised for the Sonolan Desert .
4.  Possible reasons for a lack of  ostracode nr icrofossi ls in
sorne arclraeological  contexts ale out l inet l  in Palacios-Fest
(  I  994).

5. ' fhe scanrr ing electron rnicroscope rve t rsed is an
lnternat ional  Scient i f ic  Instruments nrodel  DS |  30,  l 'he <{r ied

seeds required no prelreatment and were nrounted on alu-
nr inurn stubs with double-sidet l  tape. AII  specinrens rvere

sput ler-coated rv i th 30 nrn ofgold and examined at  20 kV
(r.  Al though water i r r  I lohokanr leservoirs rvas probably
sonret iures used fol  pot  i i r igat ion of  nealby cul t igens,
clonrest ic consur lpt ion of  rvt ter  seenrs nrore plaLrsible and
rvls perhaps nlore cotnnlon. - l \ ,o l ines of  evidencc srrpport
lh is interpretat ior ] :  ( l )  several  excavat ions of  I lohokanr
reservoirs have yielded evidence of  intal<e channels for  cap-
t t r i t tg lunol l  but  no out lets for  c le l i t ,er ing rvatel  to agl icrr l -
tural  I ie lc ls (c.g. ,  Ciolek- lbrrel lo and Nials 1987; Dar- t
1983:457. 467 ,169):  (2)  analysis ol 'bolanical  rernains f ronr
one lcseIVoir  i t t  s i te NA 18.022 (MNA) fa i led to ploduce any
rc-r t ta i r rs of  cul l igclrs ((  io lek- l i r r  rc. l lo and Nials I987:290).
7.  Rea (1983:61.75) l is ts a \ ,ar icty of  b i rd arrd vegctat ion
species that  arc "r ' ipar ian analogs" tbr  the ( i i la l i i r .er  val ley
rvatershccl .  ln at ld i t ion to rel)ect ing a u,el l - rvatc lcd cnviron-
nlent.  nralry o1' t l rese species \ \ ,oul( l  l rave been econornical lv
ruseful  in prehistory.  Water i t )  t l rc Orr Achi  reselvoi l  rn ight
have at l raclc( l  an occasional  t ) ) igfatory forv l ,  a supplenren-
tary foodstul l  t 'or  the l lohokanr (Masse l t )80:  196).
(  onsLrrnnt iorr  o1'  la lvae and insects f iorn reselvoirs has been
inf 'crrcd lbr  Precolunrtr ian Mesoanrer icer (Angulo I t ) t l3:  I65).
antl sucl't resources probably were hall'csted fLorrr leservoirs
in the Sonoran Desert .  Tule sterns l lorn lv lesoarrrel ican reser-
voirs u,erc rrsed to weave nlats and baskets (nngulo
1993:16-5),  and the Phragnr i {es rceds f lonr Gu Achi  could
I tavc been used by the Hohokanr in a s int i lar  f i rshion or as
kirrdl ing or fuel  for  start ing f i res (( iasser 1980:323).
8.  Trvo species of  land snai ls ( I lawai ia nt in iscula and
Succinea avara) have been reported f iom f lotat ion sanrples
recovered fronr a l lohokarn leselvoir  (  I larber |  983 ) .
Al though t t rese ale not aquat ic species,  their  presence in con-
texts in and near the reselvoir  suggests that  they were
attracted to the abunclant moistufe (Barbel  1983:622).
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