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The prehistolic Hohokam are the only l<nown culture to clevelop large-scale ilrigation

systems before the alrival o1'Eulopcans to the United States. llohokam social evolution
was based, in part, on intensive aglicultule. 'lo date, nost rnodels of Hohol<am illiga-
tion agriculture (i.e., hyclrologic and sedimentologic models) fail to addless dynarnics
lil<c flow rergirnc, seasonalit.y, canal use and abandonrnent (Henclelson and Hacl<balt,h,
1939).  Biota lecovered {r 'onr Hohol<am canals of ten include ostracodes, carbonate-se-
cleting rnicloclustaccans that ale scnsitive to hycb'ochomical changes- "'(Mg/Ca), ancl

'"(Sr/Ca), rzttios in the ostlzrcoclc Li.ttt.rtocythere stcLpLitt.i can be converted into apploxi-
mnte tcmpelatule and salinity values at the time of calcification. Ostracocle shell chen'r-
istr.y is becoming a lrower'ful tool fbl undelstanding the history of canal watel chemis-
t ly,  intcnsi ty of  land use, ancl  human impact on soi l .  ' lh is stucly uscs mult ip le
t'egression models to genelal,o thc fir'st palcoenvilonmental estirnates of tempelatulc
and salinitv fi 'om ostracode shell chemisl.r'y. Tcrnpelatnre estimates suggest tbat most
canzr ls wele used betwcen late winter '  (Febluarv-March) and the premonsoonal  season
(May-Jr. inr : ) .  Sar l in i ty cst inrates appalcnt ly valy ovcl '  t ime. Both paleoenvi lonmental
estirnatcs arc in good agreclnent witb histolic lecords fol the Phoenix area. o 199?
John Wilcy & Sons, Inc.

INTRODUCTION

In 1994, Palacios-Fest (1994a) presented the first atternpt to use ostracode
shell chemistry to reconstruct ancient Hohokam canal environments. At the
time, the results were consistent with paleoecologic data, although experi-
mental regression models to convert shell chemistry ratios into temperature

': ' NOTE 7'O T'IIE IIEADER: In 1994, I prernaturely published some rcsults on ostracodc shell
chemistly frorn Hohol<arn illigation canals at Las Acecluias, Tempe, Alizona (Palacios-Fest,

1994a). L,ater', I developed an experirnentally-derivecl regression moclel to convert tlace elerrent
values into ernpirical ternpelatule and salinity estimates for Lintn.ocytltere staltLini. The cun'elrt
note documents the latest lindings and interpletation of n-ry pleliminary results usingthis statis-
l,ical tnoclel. Li.nt.nocythcre stctpl,i,tt.i. shell chemistly pr"ovides a lesourceful method to reconstluct
the Hohoham canals' histolv between A.ll. 700 and A.D. 1450. To avoid unnecessaly duplic:rtion,
the leadel is encouraged to talce a looh at the nriginal publicati.on for background lesearch ancl
local i tv descl ipt ion.
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ar-rd salinity estimates were not yet available. The present study is an adclen-
clu.nt to that earlier paper and will focus on the geochemical data and inter-
pretation. The purpose of this study is to analyze the behavior of trace ele-
rnents (Mg2'' and Sr'*) in Litn,n.ocythere staplini as a tool for understanding
canal water chemistry, intensity of land use, and human impacts to soil. By
using this technique it rnay be possible to identify key climatic factors which
aff'ected the operation of Hohokam canals and isolate them from hurnan fac-
tor:s (Henderson & Hackbarth, 1993).

Continental ostracodes are sensitive to differences in water chemistry at
the species level. Strong eviclence suggests that these organisms selec-
tively occur in either one of Eugster and Hardie's (1978) three rnajor water
pathways in continental waters (Forester, 1983, I986; Palacios-Fest.
1994a). Ostracode hydrochernical requirements have been previously deter-
mined by numerous authors in an atternpt to establish the (paleo)ecologic
response of these creatures to the environment (Delorme, 1969, 19?1, 1989;
Tnrpen and Angell, l97I; Cadot and Kaesler, 1.977; Bodergat, 1983; Boder-
gat et  a l . ,  1995).

The pioneering work of Chivas et al. (1983) was the first to propose using
trace elements to calcium molar ratios frorn ostracode valves for: paleoenvi-
ronmental recoustructions. They suggested that it is possible to establish an
environmental correlation between shell chemistry and temperature and sa-
linity to reconstruct the history of ancient water bodies. Subsequent work by
this author and his team (Chivas et al., 1986a, 1986b, 1993) have demon-
strated the potential of this strategy. Other attempts to use ostracode shell
chemistry have produced significant, although controversial results, sug-
gesting that the "'(Mg/Ca)., ratio in the shell rnery resporrd to salinity and not
to temperature and Mg content in the water (Engstr:om ernd Nelson, 1gg1).
Palacios-Fest (1994b) proposed an alternativc strategy to calculate tempera-
tur"e and salinity from thc Mg/Ca and Sr/Cer molal ratios from ostracode
valves, respectivcly. In contrast to previous studies, Palacios-Fest suggested
that Mg2' may be directly correlated to temperature and Sr2' to the total
dissolved solids of the water'. tsy using a multiple regression model with an
interactive term for temperature he argues that it is possible to calculate
those pararneters from the gcologic record o{' lakes and other continental wa-
ter bodies. These regression modeis are applied in this study to establish the
hydroclimatic signature of the prehistoric Hohokam canals and the historic
Peterson Ditch in the vicinity of the Tempe Outer Loop in the Phoenix Basin.

Palacios-Fest (1994a) surnmarized the history of resear:ch along the Phoe-
nix Basin Hohokam Canals. The archaeornagnetic dates yielded ages rarnging
fi 'om A.D.700 to 1450 (Henderson, 19Bg). At Las Acequias four Hohol<am
Cultural Periods (Pioneer, Colonial, Sedentary, Classic) were recognized. Ad-
ditionally, a historic record derived from the Peterson Ditch, a canal used by
Anglo inhabitants of this region late in the last century (between 1885 and
7892), was available (Palacios-Fest, 1994a). ' Ihirty-seven canals conformed
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the Las Acequias irrigation system, ranging in length from 1 to 25 km and
were classified as main (fed by the Salt River), distributary (fed by main
canals), and lateral or field canals (to flood agricultural areas).

MATERIAI- AND METTIODS

Palacios-Fest (1994a) described sampling and laboratory procedures used
in this study. Nineteen of the 30 samples analyzed were fossiliferous. Linuto-
cyth.ere stctpli.ni, the most abundant species, rvas selected for shell chemistry
analysis. One hundred twenty-five individual valves were recovered for this
study. Between three and ten specimens were selected from each sample.
Valves were thoroughl.y cieaned by irnmersing them jn a 1Vo H2O2 at r:oom
temperature for 30 min to remove any organic matter and sediments that
were adhering to them. A fine brush (000) was used to mechanically remove
extraneous particles while valves were immersed in this solution. Then, the
valves were rinsed four times in 18 MO water and cleanliness was verified
under the microscope. Valves were weighed in a Cahn 29 electronic balance
(with weighing precision of 0.1 pg and accuracy of *0.002 pg), and dissolved
in 3 rnl of a 2a/o (0.12N) HCI distil led solution (prepared in the lsotope and
Tr:rce Element Geochemistrv Laborator:y of the Departrnent of Geosciences,
University of Arizona).

Trace elemcnt analysis o{'Mgz ' and Sr2' was conductcd using a VG-'I'N7200
indtLctively coupled plasma rnass spectrometer (iCP-MS). Detection iimits {br
Mg2' and Sr2' were 0.1 ppb; 2rr above backglound. All analyses were rlrn
ergainst multielernent standards prepared from SpexrNI stoch solutions. In or:-
cler to obtain enough counts for good cour.rting statistics, four scans were rnade
per sample, with fbrrr passes pel scan (a process which consumecl at least 2
ml of solution). Beciruse of'the instrument's sensitivity to major ions hke cal-
ciurn, its coutent in ostracode varlvcs were determined stoichiometrically.
Spectrometric clata were groupecl by sample and archaeornagnetic age to gen-
erate a trace elernent chronology.

FJxperimentally derivecl multiplc regression models obtained from Li,nt,n,o-
cytlrere staplini by Palacios-Fest (1994b, in press) yielded standard coeffi-
cients that are applied in this investigation to calibrate their potential appli-
cation to Hohoharn prehistoric records. The multiple regression model is
exprcssed by

"'('Ie/Oa),,,,1,," : {30 -t- Br x TDS --l Bzx T ('C)

where Te is either Mg or Sr:, (3s is the constant, B, is the coefficient for salinity,
and B2 is the coefficient for the interactive term for temperature. Thus the
best fitting rnodel for temperature tal<es the form of

T( 'C): "'(Mg/Ca)",,r"" - Fo - Br x TDS

(])

(2)
lJ2
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where B0 : -0.00083, {J2 : 0.00074 is significantly different from zero (p <
0.001), but B1 : 2 x 10-7 is not significantly different from zero (p > 0.05).
As expected from previous studies of continental ostracodes, the '"(Mg/Ca),.
ratios of L. staplini in the Hohokam canals i l lustrate the ternperature depen-
dence of Mg uptahe (Chivas et al., 1983, 1986a, 1986b; Engstrom and Nelson,
1991). In contrast to those stuclies, the regression models used in this worh
demonstrate that temperature rnay be inferred independently of the water
MglCa molar ratios. This experimental approach appears to provide a useful
technique to elaborate high-resolution studies of ancient water bodies.

Similarly, the best fitting model for salinity takes the form of

TDS:
"'(Sr/Ca),,,,r,,., - Fn - B, x T("C)

where Fo : 7 x 10 5, & : 2 x 10-7 is signiflcantly different from zero (p <
0.001), but 6z : 7 x 10 5 is not significantly different from zero (p > 0.05).
Once again, as expected from previous studies the "'(Sr/Ca),, ratios of l
statrtlini in these canals responded to the Sr concentration in the water (Chi-
vas et al., 1983, 1986a, 1986b; Engstrom and Nelson, 1991), but more signifi-
cantly to the total dissolved solids, thus through trq. (3) it is possible to empir-
ically estimate salinity. Figure l shows preliminary calibrations of
experimental coefficients with modern ostracodes (Litnnocyth.ere staplini and
Li,nzttocytlzere ceriott.r,berosa) from several lakes in Utah; they yielded a close
correlation between measured and empirically cstimated pnrameters by
means of these equations (Palacios-Irest, in press).

RESULTS

Faleohydrochemical Data

Figure 2 and Table I summarize Litnnocythere stcrplitti shell chemistry, in-
ferrecl temperature and salinity records, and t-test analysis of Las Acequias
canals during prehistoric Hohokam and historic operation. Well-defined co-
variant trends o{'Mg/Ca and Sr/Ca molar ratios are evident throughout the
canals' history, suggesting that temperature and salinity covaried during ca-
nal operations probably due to evapotranspiration with increasing tempera-
ture (a trend pr:oposed by De Deckker and Forester', 1988). The apparent low
valtres of .(Mg/Ca),, and "'(Sr/Ca).. observed in these valves is consistent with
values recorded elsewhere for other species (Engstrom and Nelson, 1991). To
verify the statistical validity of the data, a t-test analysis for related samples
of the empirically estirnated parametels (temperature and salinity) was con-
ducted. The t-tests are indeed statisticallv significant (p < 0.05) for both tern-
perature and salinity. Measures of association also indicate a moderate to
appreciable correlation with each one of the trace element ratios (r,,, ) 0.45
for temperature; >0.70 for salinity).

(3)
trt
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Tlre Mg/Ca ratios fi:om L. staplin.i recorded temperature ranges that are low

in comparison with annual averages for the Phoenix Basin, but reasonable if

most of the canal discharge was occurring in the spring. There is good

agreement between these estimates and late winter-spring (late February-

early June) average minimun to mean air temperature records for Phoenix

6-2I"C) by the National Climatic Data Center (1876*1995). These low val-

ues suggest that ostracodes, as most other crustaceans, molt their sheletons

between rnidnight and dawn, 12 a.m. to 7 a.m. (Martha Palacios-Fest, per-

sonal communication, 1994; Secretaria de Pesca, Mexico). Because most ca-

nals are very shallow (<60 cm deep), it is reasonable to assume that canal

water temperatur:es reflect tl'rose of the air in the early hours in the Phoenix

Basin during the prehistoric Hohoham era. To support this hypothesis, Fig-

ure 3 shows how tl"re empirical temperatures behave with respect to the sum-
mary of'the rnonthly climatological data from 1876 to 1995 obtained f'rom the

National Climatic Data Center (1876-1995).

The Sr/Ca ratios from L. stctpl,ini also indicated salinity values (TDS as
ppm) that are in good agreement with salinity measured early this century
fbr the Salt River at Tempe, Arizona (800-1200 ppm) (Ackerly, 1989), source
of't lre Peterson Ditch (the Anglo canals). Water: diverted frr:m the Salt River
to the irrigation system contained nroderate levels of dissolved solids, but
i,hele are pronounced seasonal and annual variations in the river's salt con-
tent (Ackerlv, l9U9). Ackerly (19f19) suggcsts that salinity increases down-
stream in the Salt River, towards the ends of'the canals. With the use of'Sr/
Ca ratios and salinity coefficients developecl bv Paiacios-Fest (1994b, in pr:ess)
iL is possible to obtain leliable cstirnates of salinity frorn prchistoric canals.
'I'he empiricerl temperature and salinity estimates from the Hohol<am canals
show a signi{icant corrclation rvith thc experimental dritzr (Figure 1).

The temporai boundalies bctwccn the {bul Hohoham cultural intervals arc
shown on the trnce element dizrgranr (Figure 2). During Lhe Early Pioncer
Period (pre A.D. 700; sarnplcs tr '-567 and l.--573), tracc elements indjcate 1lra1;
water temperatur'o was varierble (8 -t 1 to 13 a 4'C) while watel was moder-
ately saline (1100 | 500 to 2400 .t 1200 ppm). Trace elernent geochemistr:y
suggests that canal hydrocheurical compositions became cli luted during the
Colonial Period (A.D. 700-910; sarnpies F-742 and 3-924), with salinity val-
ues betwcen 600 :': 200 and .t200 l. 500 ppnr. Tcmpelatures dropped to abou1.
5 -r- 0.5"C; thcn becamc warncr (13 -r. 4"C). The watcr becamc urore salinc
during tl le l,ate Colonial-trlar:ly Sedentary Period (A.D. 910*-1.025; sampJe
If-610) rv i th an est imated snl in i ty of '1900 I  700 ppm. I {owever,  toward t l re
end of' t i , is eprsode (samplcs S-56ti and S-577) a drastic fzrl l in teml:erat;ut'e
(5 a 1"C) and snl in i ty (800 r1 300 ppm) was recolded.

' l lre Sedentarv Period (A.l l. 1025*12'75; sarnples F-560, Ir-563, l '- l-r75,
F-582, F-sSll, F'-643, F-700, and 5-500) osti ' ircodc shell chemistry record may
be divided into three epochs, the "Ear'1y Seclenti ' tt:;.," "Sedentary," and "Late

Seclentary."  The " I far ly Sedcntaly" (1025--1105 A.D.;  samples F-560 and

GEOARCHAEOI-OGY: AN INTERNA f lONA[- JOUFNAL
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Table I. Ostracode shell chemistry, paleoenvironmental estiamtes using Palacios-Fest (1gg4b) experimentally derived multiple regression
models for'(Mg/Ca)""r," and'(Sr/Ca)""r,", and t-test analysis results.

Estimated
Temperature

Mean ("C) Mean m(Sr/Ca) Mean

-U
r

o
a
Tl
m
a

Wt. m(Mg/Ca)
Sample Valve (ug) (moles/l)

Estimated
Saiinity Mean

700 r, -Db / 0.0050
0.0059
0.0047
0.0073
0.0042
0.0045
0.0119
0.0059
0.0127
0.0073
0.0104
0.0055
0.0214
0,0076
0.0090
0.0131
0.0068
0.0081
0.0025
0.0019
0.0029
0.0028
0.0024
0.0028
0.0027
0.0029
0.0143
0.0086
0.0087
0.0088

0.0053

0.0110

0.0026

700 F-573

8 + 1 0.00028
0.00046
0.00032
0.00034
0.00017
0.00017

13 + 4 0.00083
0.00053
0.00086
0.00035
0.00049
0.00022

16 + 7 0.00020
0.00038
0.00048
0.00033
0.00022
0.00031

5 + 0.5 0.00025
0.00027
0.00019
0.00015
0.00017
0.00024
0.00019
0.00013

13 + 4 0.00063
0.00042
0.00050
0.00059

0.00029 1000
2000
1200
1400
500
500

0.00055 3800
2300
4000
1400
2100
800

0.00032 700
1500
2100
1300
700

1200
0.00020 900

1000
600
400
500
800
600
300

0.00045 2800
1800
2 100
2600

1100 + 500

2400 + 120

1200 + 500

600 + 200

1
2
9

/

6
1
2
o

o

I
z

^

6
1
Z

A

t)

7
8
1

o

/

8
I
8

l l

7
7

1,7

q

18
11

30
11
13
19
10
rz

4

5
4

6.2
7.4
6.8
5.6
o.J

4.7
2.L
3.8
L.7
1-9
2.0
z.D

2.9
2.6
2.5
ta

2.6
/n

5.7
4.7
4.3
4.4
4.b

4.9
4.1
7.9
z-L

2.t
2.L

0.0090

815 F-742

s-924

r

Ju
z

20

l.)

910 F-610 0.0090 1900 + 700
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1025 F-560

910 5-577

1025 F-5?5

910 S-568

1105 F-582

0.00032
0.00025
0.00031 0.00025
0.00026
0.00023
0.00021
0.00027
0.00035
0.00016
0.00028 0.00022
0.00021
0.00035
0.00024
0.00022
0.00013
0.00014
0.00056 0.00062
0.00125
0.00144
0.00055
0.00041
0.00024
0.00014
0.00039
0.00038 0.00035
0.00021
0.00047
0.00036
0.00032
0.00042
0.00019
0.00046
0.00064 0.00058
0.00041
0.00061,

900 * 300

800 + 300

2800 + 220

J.J

2.8
4.8
3.4

/n

5.2
5.2
4a

5.2
o.r

4.4
6.3
o. t

6.0

5.3

D.I

5.2
5.'.I

5.1
3.6
6.3
3.0
/a

3.8

A1

3.8
3.9
2.4
2.9
L.O

0.0053
0.0086
0.0030
0.0032
0.0022
0.0022
0.0021
0.0078
0.0029
0.0028
0.0021
0.0036
0.0023
0.0029
0.0025
0.0019
0.0072
0.0113
0.0143
0.0068
0.0055
0.0059
0.0089
0.0076
0.0036
0.0104
0.0056
0.0050
0.0042
0.0073
0.0065
0.0071
0.0093
0.0070
0.0081

0.0033

0.0026

0.0084

0.0062

0.0074

A+?

5:1

lL*2

19 + /

10*3

1200
900

1200
1000
800
700

1000
1400
400

1000
700

1400
800
700
300
400

2400
5900
6800
2400
1700
900
300

1600
1500
700

2000
1500
1300
1800
600

2000
2800
1700
2700

8
1a

5
/
4
4

5

4
6
4

4
4

11
16
20
10
9
q

IJ

11
6

15

8
7

11
10
11
I4
11
72

I
c

z

--l

i

z
m
z
-l
:0
r-

:D
N

z

1400 + 500

2500 + 500

(continued)



Table I. (Continued)

Sqmnio \ / .1- ,^

Wt. m(MgiCa)
(rg) (molesA)

Estimated
Temnpraf t t .a

Mean ('C) Mean m(Sr/Ca) Mean
Estimated
Salinity Mean

-E

f-

a')

o
@
'Tl
m
a)
--.1

1105 F-59i

1 105 F-643

I 120 F-700

1275 s-500

0.00070
0.00054
0.00028 0.00050
0.00044
0.00054
0.00037
0.00034
0.00102
0.00061
0.00032
0.00054
0.00025 0.00046
0.00057
0.00058
0.00060
0.00038
0.00047
0.00042
0.00039
0.00035 0.00034
0.00055
0.00041
0.00029
0.00024
0.00027
0.00029
0.00029 0.00018
0.00020
0.00008
0.00015
0.00079 0.00045
0.00017

2100 + 110

1900 + 600

1400 + 500

500 + 400

4
5
I

2
3
4

5
6
1
8
q

1
2
?

4

i

6
7
8
1
2
3

4
5
6
I

1
2
?

/
1
2

2.1
2.8
1q

t.o

o.J

2.7
z-D

2.4
2.6
z.r

2.8
2.9
2.1
2.9
o/

2.1
' lo

3.8
3.8
3.9
5.6
A1

3.9
/q

J.J

3.7
2.9
91

D.1

0.0054
0.0073
0.0053
0.0118
0.0072
0.0056
0.0069
0.0153
0.0112
0.0097
0.0086
0.0074
0.0072
0.0105
0.0089
0.0105
0.0082
0.0076
0.0074
0.0052
0.0060
0.0058
0.0036
0.0040
0.0052
0.0038
0.0037
0.0043
0.0037
0.0045
0.011?
0.0094

0.0084

0.0091

0.0048

3200
2300
I 100
1900
2400
1500
1300
4800
2700
1200
2300
900

2500
2600
2700
1600
2000
1800
1600
1400
2400
1700
1 100
900

1000
1100
1100
700
100
400

3600
500

8
11
8

17
11

q

10

IO

L4
13
11
11

12
1l
11
8
9
I
6
7

L3*2

t--
jD

z
o
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Month

Figure 3. Monthly average mean (-), minimum (--), and maximum (---) tempelature
lecord. All data obtained frorn the National Climatic Data Center for the period of 1876-1995.
Note that ernpirical tempelature estimates (i,) genelated in this study fhll within the interval
between the minirnum and mearr avelage values.

F-575) was characterized by moderate to high salinity (1400 t- 500 to 2800 -l-
2200 ppm) and temperature (12 * 4'C). The "Sedentary" (1105-1120 A.D.;
samples F-582, F-591, and F-643) showed slightly warmer temperatures
(13 + 4'C) and high salinity (2100 * 1100 ppm). Finally, during the "Late
Sedentary" (7720-L275 A.D.; samples F-700 and 5-500) canal waters became
colder (8 :L 1"C) and more dilute (1400 * 500 ppm).

A drastic increase in water temperature and salinity is marhed by the trace
elements during the Classic Period (A.D. 1365-1425; samples F-529, and
F-513) with temperature increasing to 17 + 6"C and salinity ranging from
2200 to 3700 r- 800 ppm. In historic times (samples F-777, F-778, and
F-779) the geochemical data suggest that canal water was colder (8 * 2"C)
ancl moderately saline with an estimated salinity of'1500 + 200 pprn.

PALEOECOLOGIC INTERPRETATION

The most striking finding is the implication by trace element evidence that
the Hohokam operated these canals mostly, if not exclusively, during the
spring to tahe aclvantage of fresher water input, probably in an attempt to
avoid or diminish salinization effects on agricultural fields. Ackerly (1989)
indicates that, during the early Anglo occupation, the Tempe Canal received
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its largest discharge from late February to early April between 1895 and
1908, whereas the lowest discharges were recorded usually between June*
July and September-October. Thus, the combination of trace element data
and historic records provided a solid basis to assume that the Hohokam used
these canals during the spring and early summer.

In addition, the main Hohokam crops, corn, beans, squash, native barley,
and agave were mostly spring-summer products (Miksicek, 1989). Of these,

beans were the least tolerant to increasing salinity-a slight increase in sa-
linity (from 500 to 700 ppm) would produce a 10Vo yield reduction (Thompson,

personal communication, Department of Agricultural Sciences, University of
Arizona, 1994)-whereas native barley tolerated high TDS concentrations
(>3700 ppm; Thompson, personal communication, 1994). Estimates of canal
water salinity are reasonably higher (>1500 ppm) than the river's because
the canals were subject to frequent flooding and subsequent desiccation that
contributed to salinization. Miksicek (1989), Nials et al. (1989), and Gregory
(1991) provided paleontologic and geomorphologic evidence of periodic flood-
ing at Las Acequias during Hohokam occupation.

DISCUSSION

This article shows the significance of trace element shell chemistry as a
tool to estirnate the ternperature erncl salinity of ancient waters. It also dem-
onstlates the applicabil ity of 1,his tecl'rnique to geoarchaeological research ancl
its implications fbr undelstanding human,/environrnent relationships.

'fhe geochemicerl signatures pr:esentecl in this study suggest that ostracode
shell chemistry is a use{irl indicator of water chemistry and ternperature
charnges in irrigation canals. Mg/Ca and Sr/Ca ratios follow trends that are
consistcnt with our prior' hnowledge of Hohokam pre-history and southwc+st-
ern climate (Petersen, 1988, 7992; Palacios-Fest, 1989). It is probable that
the trends we observe in ostracode shell chemistr:y are responses to changes
in temper:ature anc{ water clremistry.

Inferred temperatures generated by Eq. (2) arrd salinit ies derived from llq.
(3) are in g-ood agreement with spring ternperatures (minimum mean monthly
temperattrres between February and early May:7-77"C) zrnd the Salt River
TDS concer-rtr: 'ations (800-1200 ppm) recor:'ded at the end of the last centur"y
and early in this century (U.S. Department of Agriculture climatologic data
f i les,  1897 to 1905).

Some important l imitations in this study were the potential for redeposi-
tion of sedirnerrts in the canals and the sampling strategy originally followed
whiclr consisted in obtaining floatation sarnples fr:om er large (bottorn to to1:)
interval. Sediment redeposition may lesult from the canal clear-ring and main-
tenance befbre the agricultural season. Usually canals were scraped, and old
sediments were only dumped to the sides (canal overbanhs). Caution is cru-
cial to identify leworked specimens before proceeding to any of'the analyses
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in the future. The sarnpling strategy assumed that all infiIiing sediments in

the canal were contemporaneous and did not account fbr successive episodes

of canal flooding, which is unlihely because continuous deposition may occur

lbr long periods of time. Samples in this study only sugg'est canal history over

a broad time frame.
In conclusion, Hohokam canal ostracode shell chemistry correlates well

with previously inferred climatic changes and modifications by human usage

patterns as suggested by estimated temperatures (late winter-early sum-

rner). The empirical ternperature and salinity estimates are well acquainted

with histor:ic records suggesting that expelimentally dei'ived coefficients may

be a powerful tool to reconstruct ancient aquatic environments. It is proposed

that future human impact research should include microstratigraphic sam-

pling within and among canals to recorcl individual canal operations and tem-

poral correlation combined with ostracode shell chemistry.
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