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PALEOCLIMATE AND THE POTENTIAL FOOD RESERVES OF
MISSISSIPPIAN SOCIETIES: A CASE STUDY FROM THE
SAVANNAH RIVER VALLEY

David G. Anderson, David W. Stahle, and Malcolm K. Cleaveland

Precipitation reconstructions based on bald cypress (Taxodium distichum L. Rich) annual growth ring data coffected
from lgeations near the Savannah River valley, coupled with a series af simple models of storage capabhility, are used
to calcutate the agricuitural food reserves potentially avatlable each yvear from A.D. 1005 to 1600 1o lacal prehistorie
Mississippian populations. The resulting food reserve estimates suggest that interannual variation in rainfall during
the growing season may have resulted in both extended periods of food surplus and food shorifali. We hypothesize
that prolonged episodes of agricuitural food surpius and shortfall had a pronounced impact on the historical trajectories
af these chiefdom sacieties. This argument Is supported by historical accounts describing the impaer of drought during
the period of Spanish settlfement at Santa Elena (A.D. 1565-1587), and offers a possibie explanation for some of the
major changes observed in the late prehistoric archaeological recard in the Savannah River valley, including the
emergence, expansion, and decline of several mound centers and the eveniual abandonment of a large portion of the
hasin. The study indicates the value, and potential, of analyses linking archaeological, historical, and dendrochron-
ological data in the southeastern United States.

Reconstrucciones de precipitacidn basadas en muestras de aniffos de crecimiento annual del ciprés pelado (Taxadium
distichum L. Rich) recolectadas en lugares cerca del Valle del Rig Savannah, junto con una serie de modelos simples
de capacidad de almacenamienta, se utilizan en el cdlcufo de las reservas de producros agricolas potencialmente
disponibles anuaimente, desde 1005 hasta 16006 DC, para las poblaciones prehistdricas Misisipianas {ocales. Los
estimados de reserva de alimento resultantes sugieren gue la variacidn en la precipitacion interanual durante la
esiacidn de crecimiento habria producide tanta periodos de abundancia camo de escasez de alimentos. Nosatros
propanemos que episodatos prolongados de abundancia y escace:z de alimentas ruvieran un impacto pronunciade den
lag trayectorias Ristdricas de estos cacicazgos. Este argumento estd reforzado con documentos histdricos que describen
el impacta de la sequia durante el perfodo de asentamiento hispdnica en Santa Elena (A.D. 15635-1387). v afrece
una posible explicacidn para fas cambias mayores observados en el registro arqueoligico del periodo prehistirica
tardio en el Valle del Rio Savannah, incluvendo la emergencia, expansidn, vy deteriara de algunas centros con
monticulos y el eveniual abandona de una gran porcidn de la cuenca. Este estudio ilustra el valor v potencial de
andlisis que integran datas argueoaldgicos, histdricos v dendrocronaldgicos en el sureste de fos Estados Unidos.

he emergence, expansion, and collapse  ber of parts of the southeastern United States

ar relocation of Mississippian chief- (Stahleetal. 1985a, 1983b, 1985c¢, 1988), and
doms in and near the Savannah River basin  two of them, from in or near the lower Sa-
have been the subject of appreciable research.  vannah basin, have been used to reconstruct
in recent years (Anderson 1990a, 1994, An- growing season rainfal]l for each year since
derson and Schuldenrein 1985; Anderson et A.D. 1005 (Stahle and Cleaveland 1992).
al. 1986; DePratter 1989, Hally 1986, Hally These rainfall reconstructions provide for the
and Rudolph 1986, Rudolph and Hally 1985).  first time the precisely dated environmental
Within the past decade long tree-ring chro- data necessary to assess the possible impact
nologies have also been developed ina num-  of climate variations on local late prehistoric

David G. Anderson ® [nteragency Archeolagical Services Division, National Park Service, 75 Spring Street, S.W.,
Atlanta, GA 30303

David W. Stahle and Malcalm K. Cleaveland ®m Tree-Ring Laboratary, Department of Geagraphy, University of
Arkansas, Fayeueville, AR 72701

American Antiquity, 6002}, 1995, pp. 258-286.
Copyright © 1995 by the Society for American Archaeology

258



Anderson et al.]

and early historic societies. The rainfall re-
construction for South Carolina, and esti-
mates of the food storage capabilities of Mis-
sissippian chiefdoms, are used to develop
quantitative reconstructions of the agricul-
tural food reserves potentially available to
these societies each year from A.D. 1005 to
1600. This reconstruction of potential agri-
cultural food reserves is then compared with
the extant archaeological and historic record,
in a preliminary test of the hypothesis that
Mississippian occupations in the Savannah
River basin were influenced, in part, by in-
terannual fluctuation in growing season rain-
fall.

The political stability of the agricultural
chiefdoms in and near the Savannah River
valley, we argue, was related in part to their
ability to accommodate multiyear periods of
agricultural shortfall or surplus, something in
turn shaped by both short- and long-term
fluctuations in climate. To assess the impact
of climate on cultural systems, however, ex-
plicit models must first be developed detail-
ing how the two are interrelated (Ingram et
al. 1981a:19). Simply demonstrating a co-
occurrence between a climatic episode and a
cultural change is not sufficient; coincidence
or correlation does not demonstrate causa-
tion, and may lead to incorrect, misleading,
or overly simplistic interpretations (Ander-
son 1981:339; DeVries 1980:606; Parry 1981:
321). Explicit linking arguments are neces-
sary to document specifically how changes in
climate may affect cultural systems.

Modeling relationships between climate
and culture, furthermore, should be guided
by a few simple premises {after Ingram et al.
1981a:24-25): (1} simple models, examining
relationships between climate and one or a
few economic and social variabies, are more
feasible and amenable to solution than mod-
els directed to a wide range of cultural phe-
nomena; (2) immediate chmatic effects are
more easily examined than more remote ef-
fects; (3) the smaller the geographic scale of
the investigation, the greater the probability
of success; (4) the effects of short-term cli-
matic fluctnations are more direct and easier
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to detect and examine than the effects of long-
term climatic fluctuations; and (3) the effects
of chimatic change are likely to be most pro-
nounced on societies heavily dependent on
agriculture. Given these premises, agricul-
tural chiefdoms, which are typically small in
population size, geographic scale, and orga-
nizational complexity, would appear to be
ideal test cases for studying the effects of cli-
mate change on human society.

Also critical to model development is un-
derstanding why societies adapted or failed
to adapt to climate change. The way a society
copes with short-term climatic fluctuations
may be unrelated to their response to long-
term fluctuations. Most long-term patterns of
change, in fact, are unlikely to be directly
perceived, since the pattern of change is grad-
ual and small when compared with year-to-
year fluctuations (Ingram et al. 1981b:206;
(O’Shea 1989:57-58). Solutions to long-term
fluctuations may not exist, or may be main-
tained 1in less obvious parts of culture, such
as in myths and legends, whose value are best
understooad only in times of crisis (Minc and
Smuth 1989). What it is about a society that
causes it to fail to adapt to change should be
as much a focus for research as successful
responses. The late medieval abandonment
of the Norse Greenland settiements, for ex-
ample, is popularly thought to have been
“cansed” by the climatic deterioration char-
acteristic of the onset of the Little Ice Age
(Lamb 1984:233-234). The Norse popula-
tions could have survived, however, had they
adopted the technology of their Inuit neigh-
bors —something they were unwilling to do.

Climate and the Political Organization of
Chiefdoms

The production of erop surpluses and their
mobilization as tribute is a crucial foundation
of political structures in agricuiturally based
chiefdoms (Cordy 1981:30—44; Ford 1974,
1977; Orans 1966; Sahlins 1958:107-135,
201-217). Agricultural surpluses had to occur
at levels necessary to maintain elite agendas
and prerogatives or, in the event of produc-
tion shortfalls, resources had to be present in
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storage in sufficient quantity to maintain the
system until restocking could occur (Burns
1983:186—-187). Short- and long-term fluc-
tuations in variables such as spring rainfall,
sunlight, or the length of the growing season
are particularly important factors to consider
when examining the stability of chiefdom so-
cieties, because they play a major role in
shaping agricultural food production. Crop
failures brought about by droughts, flooding,
or other catastrophes would have threatened
the stability of agricultural chiefdoms by re-
ducing the production surplus the elites need-
ed to maintain their authority.

Stability is here taken to mean the main-
tenance of a given level of organizational or
administrative complexity, as measured by
the number of decision-making levels in op-
eration. Instability, in contrast, is character-
ized by fluctuations in decision-making levels
and, hence, concerns the emergence and col-
lapse of simple and complex chiefdoms, which
have one and twe levels of authority above
the local community, respectively (Stepon-
aitis 1978:420; Wright 1984:42-413). Periods
of repeated crop surplus could promote an
expansion of organizational complexity pri-
marily by providing elites the resources need-
ed to pursue personal agendas, which in so-
cieties such as these traditionally centered on
achieving or extending control over other
elites (e.g., Brumfiel and Fox 1994). Repeated
crop failures, alternatively, could lead to a
weakening or collapse of chiefly authority by
posing direct guestions about the sacred po-
sition and intermediary role of the elite. It
might have led also to a reduction in support
population as people (subsidiary elites and
commoners alike) physically relocated to
more favored areas or polities or, in extreme
cases, if population decline occurred due to
famine or warfare triggered by subsistence
stress.

In simple agricultural societies, organiza-
tional change can occur rapidly, on the order
of a few years or decades. Various authors
have suggested that short-term climate ex-
tremes, through their effect on harvests, have
a greater and more immediate econorniic im-
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pact on agriculturally dependent societies than
longer-term but weaker trends (e.g., Flohn
1981:310-311; Wigley 1985). Successive
vears of crop shortfall or total failure are like-
v to have a far greater impact than isolated
shortfalls or failures, especially since these
conditions could quickly lead to a total loss
of seed grain, precluding any farming until
new seed could be obtained (Anderson 1981:
352: Ingram etal. 1981a:13; Jones 1964; Par-
ry [981:327; Post 1980). Longer-term but
weaker trends could also lead to marked
change, however, since a long series of even
minor production shortfalls or surpluses
would likely necessitate some kind of cultural
respanse, either to deal with the problem of
dwindling reserves or repeated production
beyond storage capacity.

Relationships between climate, crop yields,
and social and political conditions have been
widely studied. Unrest leading to organiza-
tional collapse or restructuring is a common
response to harvest failure, and not merely
in chiefdoms, as any reading of history will
testify. The two termible years of A.D. 1315
and A.D. [3146, when crops failed over wide
areas of western Europe, for example, were
characterized by “panic and frustration, fam-
ine and widespread death™ {Le Roy Ladurie
1971:47). The French Revolution of 1 789 was
preceded by a disastrous harvestin 1788, “the
historic consequences of which—scarcity,
high prices, food riots—were so important in
1789" (Le Roy Ladurie 1971:74-77). MacKay
(1981:367-371)demonstrated that periods of
extensive social unrest in late medieval Cas-
tile could be attributed, in part, to climatic
downturns that led to poor harvests. He was
quick to dismiss, however, a “crass economic
reductionism’ that attributed this unrest
solely to climatic conditions, noting that many
other factors were also operating, such as de-
meographic stress, monetary debasement, and
antipathy between social and religious fac-
tions. Climate change might, indeed, merely
“aggravate, rather than initiate, problems the
arigins of which lay in the demographic, tech-
nological, and political conditions of these
periods” (Anderson 1981:343).
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Merely noting an association between a ¢li-
matic stimulus and a cultural response is not
particularly difficult, what is hard is explain-
ing why the response took the form it did. In
this regard, it must be emphasized that, al-
though the present analysis deals with the
effects of climate, the causes of organizational
change in chiefdoms are in reality complex
and multivariate, requiring evaluation. of a
wide range of data. How agricultural chief-
doms responded to climatic change, how-
ever, unquestionably shaped their subse-
quent history. Specific strategies to ensure
continued access to surplus may have in-
cluded changing the number and diversity of
plant species in cultivation or the number of
harvests per year, scattering frelds over fairly
large areas and in a number of microenvi-
ronmental zones, increasing storage capacity,
or placing storage facilities in a number of
communities (Chmurny 1973; DeBoer 1988;
DeVries 1980:625-626). The development
of larger or more complex organizational net-
works, capable of appropriating and storing
increased quantities of food, may have per-
mitted the alleviation of resource shortages
in one area by redistributing stored surpluses
from other localities. Such a strategy may have
helped rationalize or legitimize the growth of
chiefdoms and, concomitantly, powerful elite
authority structures and, as we shall see, may
partially explain the emergence of complex
chiefdoms 1n the Savannah River basin. Al-
ternatively, faced with repeated production
shortfalls, populations might abandon inten-
sive agriculture altogether, and perhaps even
a chiefdom form of sociopolitical organjza-
tion.

The Paleoclimatic Record:
Dendrochronology and Dendraclimatology

Tree-ring chronologies providing excellent
proxy measures of climate have been com-
pleted or are currently under development
from locations throughout the southeastern
United States (Stahle et al. 1983a, 1985b,
1985¢, 1988, 1991)(Figure 1). Many tree spe-
cies in this region produce annual growth rings
and are suitable for dendrochronology. Some
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of the best species thus far investigated in-
clude bald cypress (Taxodium distichum),
eastern red cedar (Juniperus virginiana), east-
ern hemlock (Tsuga canadensis), shortleaf
pine (Pinus echinara) and possibly other
southern yellow pines, eastern white pine (P.
strobus), red spruce (Picea rubens), northern
white cedar (Thuja occidentalis), and the de-
ciduous oaks, especially white oak {Quercus
alba), post oak (Q. stellata), chestnut oak (.
prinus), and overcup oak (Q. lyrata). Bald
cypress is particularly important because cy-
press chronologies can be very sensitive to
climate variations, and individual trees can
exceed 1,500 years in age (e.g., Stahle et al.
1988). Well-preserved subfossil cypress logs
recovered from submerged and buried de-
posits of Holocene age also hold considerable
potential for long chronology development,
perhaps covering the past 5,000 years (Stahle
et al. 1985b). Old-growth stands with living
cypress trees can still be found in many parts
of the Southeast, despite intensive logging
across the region. A primary reason many old
trees have survived is simply because they
tend to be relatively small and produce lower
quality lumber, and therefore were some-
times not worth the expense of logging.
Blackwater (i.e., acidic, nutrient-poor, and
typically dark-colored) river systems, in par-
ticular, seem to produce lower grade cypress,
but fortunately these often also favor slow
growth, advanced age, and climate sensitivity
in these trees. A number of intact old stands
of bald cypress have been found in black-
water streams and lakes in the Southeast
(Stahle et al. 1988).

By crossdating and merging the tree-ring
records from living trees with those from
subfossil logs, a dozen bald cypress chronol-
ogies greater than 800 vears long have been
completed thus far in the Southeast. Seven
of these chronologies are located on the At-
lantic coastal plain (Figure 1). These long cy-
press chronologies exhibit a very strong warm
season climate signal and can provide a quan-
titative measurement of paleoclimate over
long intervals. Bald cypress radijal growth is
positively correlated with rainfall and in-
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Figure 1. Tree-ring chronologies in the southeastern United States. (All chronolegies developed by the Tree-Ring
Laboratory, University of Arkansas, unless otherwise noted.) From The Savannah River Chiefdoms hy David G.
Anderson {©1994, University of Alabama Press). Used by permission.

versely correlated with temperature during
the spring and summer, and cypress chro-
nologies have been successfully used to re-
construct indices of drought severity (Stahle
et al. 1985a, 1988), percent of possible sun-
shine (Stahle et al. 1991), and growing season
rainfall amounts (Stahle and Cleaveland 1992,
1994). All of the tree-ring chronologies were
crossdated using standard skeleton plot pro-
cedures {e.g., Douglass 1941; Fritts 1976;
Stokes and Smiley 1968), and based on nng-
width measurements with a precision of .01
mm on multiple cores from 20 to more than
80 trees and logs per site.

The reconstruction of potential agricultur-
al crop reserves reported in the next section
is based on a tree-ring reconstruction of grow-
ing season rainfall totals for South Carolina
(Stahle and Cleaveland 1992). This rainfall
estimate was based on two 1,000-vear-long
bald cypress chronologies from the central
coastal plain, one from Four Hole Swamp,

South Carolina {33°20" N, 80°25" W), about
50 km. east of the Savannah basin, and the
other from Ebenezer Creek, Georgia (32°22'
N, 81°15" W), a tributary of the Savannah
River. The tree-ring chronologies were cali-
brated with state average March-June rain-
fall for South Carolina over the period 1887
to 1936 {Karl et al. 1983) using a multiple
regression model. This regression model ac-
counts for an appreciable amount of the vari-
ance (i.e., R? = .38} in South Carolina, March
to June rainfall, from 1887 to 1936.

The accuracy of this regression model and
the precipitation estimates it produces have
been evaluated with several verification tests
{Stahle and Cleaveland 1992). Because the
calibration was based on the period from 1887
to 1936, we can compare the tree-ring-based
estimates of South Carolina rainfall from 1937
to 1982 with the actual instrurnentally re-
corded amounts available for the same time
period. These instrumental records from 1937
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to 1982 are statistically independent from the
calibration period, and the tree-ring-recon-
structed rainfall values are well correlated with
the actual rainfall values during the wverifi-
cation subperiod (i.e., r = .76, p<.001). The
regression results were also compared with
similar regression-based estimates of state-
averaged rainfall based on rain gauge records
from actual weather stations near the two tree-
ring sites. The South Carolina state-averaged
rainfall variance explained by the rain gauge
records was only 12 percent higher than the
variance explained by the two tree-ring chro-
nologies (Stahle and Cleaveland 1992). We
believe that these results provide convinging
demonstration of the accuracy of the rainfall
reconstructions, which we argue perform al-
most as well as a small number of mechanical

rain gauges mightin estimating regionally av-
eraged (i.e., statewide) rainfall on a seasonal
basis. Figure 2 presents a portion of the South
Carolina rainfall reconstruction from A.D.
1008, the first year for which dendroclima-
tological data is available, to A.D. 1600, after
which few chiefdom societies are believed to
have been present in the South Carolina area
{DePratter 1989). This interval completely
spans the Mississippian occupation of the Sa-
vannah River valley.

A Reconstruction of Potential Agricultural
Food Reserves

The tree-ring-derived reconstruction of
growing season rainfall was used in conjunc-
tion with a series of simple assumptions about
crop vield and food storage capability to de-
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velop quantitative estimates of the agricul-
tural food reserves potentially available to
the Savannah River chiefdoms each year from
A.D. 1005 to 1600. These reconstructions are
called “potential food reserves™ because a
number of factors other than growing season
rainfall and storage technology undoubtedly
influenced the food reserves actually avail-
able to these chiefdoms, including growing
season temperature extremes, severe weath-
er, flooding of agricultural fields, crop dis-
ease, or insect infestations, and a host of so-
ciocultural conditions such as tribute require-
ments, patterns of warfare, and cropping
strategies. Nevertheless, examining patential
food reserves provides a useful starting point
for investigating the sensitivity of Mississip-
pian chiefdems to growing season climate
variation. Comparable research undertaken
in the American Southwest has offered valu-
able insight about prehistoric adaptations in
that region {e.g., Burns 1983; Van West 1990).

The potential food reserve/shortfall esti-
mates that form the primary analysis report-
ed here were derived assuming a two-year
storage capacity {one year’s reserves), that is,
the current year’s harvest plus the storage of
one previous harvest (Figure 3). Ethnohis-
toric accounts detailing crop reserves are rare
in the Southeast, but the available references,
when coupled with the direct archaeological
evidence for storage facilities (i.e., Judge 1991;
Kelly 1988; Polhemus 1987), are sufficient to
suggest that at least one year of food reserves
could have been maintained by the complex
chiefdoms of the Southeast; somewhat lesser
amounts appear to have been maintained by
simple chiefdoms. This is suggested partic-
ularly by the amounts of com described or
actually appropriated from societies across
the region by the 1539-1543 de Soto expe-
dition (e.g., DePratter 1983:165). Although
several historic accounts suggest southeast-
ern harvests rarely lasted even a single year
(e.g., Swanton 1946:256-265), almost all of
these records date to the seventeenth or eigh-
teenth centuries, well after the disappearance
of the regioen’s complex chiefdoms, whose
tributary economies were based on the pro-
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duction, collection, storage, and use of agri-
cultural surplus. While it is possible that food
reserves were maintained longer than two
vears, in the absence of direct evidence for
such long-term storage, and given the humid
climate of the Southeast, a two-year storage
assumption seems a reasonable first approx-
imation.

Potential food reserves and shortfalls are
expressed 1n terms of deviations from an es-
timate of average annual consumption. Pos-
itive values in Figure 3, which range up to
+1, reflect food surpluses ahove average an-
nual consumption, while pegative wvalues,
which range te —1, indicate food shortfalls
that must be made up from other sources.
The value for a given year represents the sum
of the crops remaining in storage from the
preceding year together with the vield from
the current harvest, minus normal consump-
tion. Wild plant and animal resources are not
included in this analysis, although they would
have been used to make up agricultural short-
falls.

Annual crop yields and the estimate of av-
erage annual consumption are computed di-
rectly from the South Carolina rainfall re-
construction. The average (reconstructed)
growing season rainfall for the period from
A.D. 1005 to 1985 was 389 mm, with a stan-
dard deviation of 65.6 mm. This {389 mm)
is assumed to represent the amount of spring
rainfall needed to produce an average har-
vest, which is also assumed to represent av-
erage annual consumption. Annual crop yield
values are a direct transformation from this
average rainfall value, with departures above
and below it {i.e., the amount to which annual
rainfall was above or below average), reflect-
ing agricultural production above and below
average, or surpluses and shortfalls, respec-
tively. Years in which growing season rainfall
was =2 standard deviations or more below
normal, or periods of severe to extreme
drought, are assumed to reflect years of total
crop failure, and were assigned a value of — 1.
Growing season rainfall values between 0 and
2 standard deviations below average, with
mild to intensive drought conditions, were
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Figure 3. Reconstructed potential agricultural food reserves for the South Carolina area A.D. 1005 to 1600,
calculated using the South Carolina spring rainfall reconstruction, and assuming a storage capacity equivalent to
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University of Alabama Press). Used by permission.

assumed to reflect years when crop produc-
tion was below average; the shortfall values
derived from them were standardized to range
between 0 and — 1. The shortfall ranges only
go to —1 because numbers lower than this
would imply that more crops failed than were
planted, an obvious impossibility (although
years with reconstructed rainfall =2 standard
deviations below average did sometimes oc-
cur).

The same relationship was assumed on the
positive side, with precipitation values above
average assumed to be directly proportional
to surplus crop production. A year during
which growing season rainfall was two stan-
dard deviations above average was assumed
to be a vear in which twice the normal harvest
was produced, and a direct proportional re-
lationship for harvest surplus values was as-

sumed when rainfall values were between 0
and 2 standard deviations above average; any
surplus above normal consumption would
have been added to reserves. The reserve to-
tal does not exceed + | in the model reported
here (Figure 3), because this represents the
assumed maximum storage capacity {al-
though years with reconstructed rainfall =2
standard deviations above average likewise
did sometimes occur).

When the surplus was greater than storage
capacity (i.e., > +1), it was declared “excess
surplus™ (Burns 1983:247) and excluded from
the reserve totals. Years when excess surplus
occurred are indicated in Figure 3, although
the amounts, which varied appreciably, are
not. Excess surplus occurred either in years
of unusually high spring rainfall (i.e., =2
standard deviations above average) or, more
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commonly, when a crop surplus occurred
when stored reserves were already at or near
capacity from the previous year. In either case,
excess surplus would have to have been con-
sumed immedately, and could have been
used to sponsor trade, feasting, monumental
construction, or other public activities. Be-
cause too much rainfall (ie., >2 standard
deviations above average) might be as det-
rimental on crops as too little rainfall, by
causing flooding or ¢rops to rot in the feld
{e.g.. Le Roy Ladurie 1971:45), the role of
excess surplus is minimized in the present
analysis.

Although the analysis reported here is based
on an assumed capacity equivalent to one
year’s reserves, it must be emphasized that a
number of analyses of potential food short-
falls/reserves were actually calculated, using
storage capabilities ranging fram .5 to 2.0, or
six months to two years’ reserves over normal
consumption (Figure 4). Not unexpectedly,
these analyses demonstrate that the larger the
quantity of food that could have been in stor-
age, the lower the magnitude and frequency
of shortfalls that would have had to be made
up from other sources. It is likely that local
chiefly elites quickly perceived this connec-
tion, and attempted to maximize crop yields
and storage capability within limits of labor
organization, technology, and climate. This
could have reduced subsistence risk and led
to greater societal stability (unless, of course,
the demands to increase surplus prompted
rebellion from other elites or commoners).
The region’s chiefdoms may have formed and
expanded, in part, to buffer subsistence un-
certainties (although many other factors were
also clearly involved). Whether different stor-
age capabilities were used by differing levels
of organizational complexity, such as ap-
proximately a half year’s reserves for simple
chiefdoms, and one or more years reserves
for complex chiefdoms, is unknown at pres-
ent.

Historic and Prehistoric Political Change
and Potential Food Reserves

The reconstructed potential food reserves/
shortfall data were examined in conjunction
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with archaeological and historical evidence
from in and near the Savannah River valley,
in an effort to delimit long-term relationships
among climate, agricultural production, stor-
age technology, and political organization.
Given the low precision and accuracy of pre-
historic archaeological dating at present in
this part of the Southeast, we cannot un-
equivocally resolve the hypothesized effects
of climate on local Mississipplan societies.
However, the plausibility of the analysis and
interpretations advanced can be demonstrat-
ed with an examination of events from the
early historical period, when the chronology
of reconstructed climate and historical events
both are annually resolved. Valuable first-
hand accounts of social and environmental
conditions survive from the Spanish colony
of Santa Elena, occupied from 1565 to 1587
on Parris Island, South Carolina. These ar-
chival references provide a compelling ex-
ample of the suggested impact of drought and
low food reserves on late Mississippian so-
cieties.

The Effect of Climate on the Santa Elena
Colony

Santa Elena was established in L5366 on the
South Carolina coast at Parris Island (South
1980}, roughly midway between the two tree-
ring collection sites used to develop the food
reserve reconstruction. The rainfall recon-
struction indicates that below-normal rain-
fall occurred during all years from 1559 to
1569, except for 1585 (Figure 2). Above-av-
erage rainfall is indicated for most of the
15370s, but drought conditions returned in the
1580s and the Santa Elena colony was aban-
doned in 1587 during a severe drought. The
potential food reserve reconstruction indi-
cates shortfalls occurred every year from 1560
to 1569, with the exception of 1363, when a
brief surplus occurred; this was exhausted the
next year (Figure 3).

Our best account of climatic conditions
comes from April 1566, shortly after the ini-
tial Spanish occupation. Documentary ac-
counts indicate that the region was under-
going a severe drought that had greatly re-
duced native food supplies. Descriptions of
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Figure 4. Reconstructed po-
tential agricultural food re-
serves for the South Carolina
area A.D. 1350 to 1500, cal-
culated wsing the South Caro-
lina spring rainfall recon-
struction, and assuming stor-
age capacities equivalent to
half a year’s, and one and two
years’ reserves above narmal
consumption. Bold line above
0.0 = amount of food in stor-
age as percent of normal har-
vest/consumption. Dotted line
below 0.0 = shortfalls exceed-
ing storage capacity that must
be made up. Crossmarks =
years with excessive rainfall/
possible excess surplus?
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the native Orista, who appear to have been
organized in a simple agricultural chiefdom,
included the observations that “there was lit-
tle food in the [and, as there had been no rain
for 8 months” and that *““their cornfields and
farming lands were dry, whereat they were
all sad, on account of the little food they had™
{Gonzalo Solis de Meras in Quinn 1979:492,
493; see also Connor 1928:177, 210). Al-
though Menéndez de Avilés, the governor and
founder of the colony, stationed one of his
officers and some 20 men with the Orista,
they were in “great fear of lack of food™ since
“even if the Indians had been willing to give

their food to Estébano de las Alas and his
men, they had none, for it had not rained for
many months” (Gonzalo Solis de Meras 1in
Waddell 1980:147). These records support
the paleoclimatic reconstruction, which in-
dicates that the growing season for the period
from 1566 to 1569 was particularly dry, and
that the year 1566 was one of the driest of
the decade, with only the years 1567 and 1569
drier.

The colony at Santa Elena had a precarious
existence in its early years, something that
was due at least in part to the poor climatic
conditions. The establishment of the colony,
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in fact, occurred toward the end of the driest
period of the entire sixteenth century, al-
though the Spanish could have had no idea
how atypical these conditions were. Food was
scarce during the first yvears of settlement and
its acquisition preoccupied the local author-
ities. The Pardo expeditions were sent into
the interior at this time not only for explo-
ration, but also to relieve the colony of the
necessity of feeding the men. During Pardo’s
second expedition from 1567 to 1568, con-
ditions were so desperate at Santa Elena that
Pardo was ordered to bring food from the
interior, and food shortages in the colony were
at least part of the reason why he dispersed
his forces into a series of small forts along his
route (Hudson 199(:45; 152ff). These forts
were all destroyed and their companies mas-
sacred within a few months of their estab-
lishment. The climatic reconstruction offers
independent confirmation of these condi-
tions, and suggests reasons why the colony
and its settlements in the interior ultimately
failed.

Native rebellions during this period, the
records indicate, were brought about by de-
mands the Spanish placed on local popula-
tions for food and services. A minor rebellion
occurred in 1570, for example, when the au-
thorities at Santa Elena, short on food, “or-
dered three or four caciques, among them
Escamacu, Orista, and Hoya, to bring some
canoe loads of maize to Santa Elena™ {Juan
Rogel 1570, cited in Waddell 1980:149). Ro-
gel, a Jesuit living with the Indians, aban-
doned his mission at this time, knowing the
Indians would not react well to these de-
mands. When the Indians failed to provide
the com, the Spanish sent soldiers to their
village, and rebellion ensued until the ca-
ciques were appeased with gifts. Although no
mention of climatic conditions or amount of
food on hand is given in Rogel's account, the
reaction of the natives suggests they had little
to spare, which would have likely been the
case if, as indicated by the paleoclimatic re-
construction, the previous four years (1566—
1569) had been particularly dry. The attacks
on the colony and its outposts, particularly
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the destruction of the forts in the interior,
may well have been prompted, if not has-
tened, by the demands the Spanish placed on
a native agricultural system that was likely
already under considerable stress.

The colony continued to endure hardships
throughout its first decade, with reports of
poaor harvests and hunger common {e.g.,
Connor 1925:85, 89, 99, 155, 245). A mas-
sive native revalt in 1576, which came after
many vears of harvest shortfalls and Spanish
demands, forced the temporary abandon-
ment of the colony. Interestingly, the year
1576 was one of the wettest of the century,
according to the reconstruction (Figure 2),
and that same vear one of the settlers testified
“In the months of April and May, when the
[grain for] bread ripens in this island, it does
nothing but rain all that time, which is when
we are sowing and gathering the maize”
(Alonso Martin 1576, cited in Connor 1925:
149). This quote, while supporting the paleo-
climatic reconstruction, also suggests that too
much rainfall may have been as bad as too
little;: hence the minimal significance as-
signed excess surplus in the current analysis.

Climatic conditions were generally favor-
able over the remainder of the century, in-
cluding the years 1576 to 1582, which the
reconstruction indicates were characterized
by favorable climatic conditions, and when
moderate to extensive food reserves could
have been in storage (Figure 3). This infer-
ence is strongly supported in the documents
from this period. The colony was reesta-
blished late in the summer of 1577, and one
of the first things the Spanish did was to send
punitive expeditions to reassert their author-
ity over the native populations. The Spanish
commander, Pedro Menéndez Marques,
nephew of Menéndez de Avilés, reported that
he “bumed nineteen villages™ and that ““great
was the harm 1 did them in their food stores,
for I burned a great quantity of maize and
other supplies™ (Menéndez Marques, cited in
Connor 1930:225). The Spanish themselves
had considerable success with their crops, and
Menéndez Marques (cited in Connor 1930:
227) reported in April of 1579 that ““last year
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Figure 5. Mississippian cultural 200 Equivalent Wilmington
sequences in the Savannah River )
valley. From The Savannak River 800 — Late Swift -
P idG d Creek/Napicr Intcriar
Chiefdoms by David G. Anderson Wilmingtion
(©1994, University of Alabama 700 Equivalent
Press). Used by permission.

I made them sow much maize [and] at this
fort alone over 1,000 fanegas [1550 U.S.
bushels] were collected.” In 1578, according
to the reconstructions, growing season rain-
fall was about one standard deviation over
normal (.973), and crops equivalent to a year’s
reserves could have been in storage (Figures
2, 3). The historic records thus support the
hypothesis that the rainfall reconstructions
are accurate and may additionally provide an
accurate method of estimating food reserves.

The Santa Elena colony was abandoned in
late 1587, and climate may have played a
role in the Spanish decision to terminate the
enterprise in South Carolina. The year 1587,
the paleoclimatic reconstruction indicates,
was the driest yvear during the entire 20-year
period of Spanish settlement (as well as the
third driest year of the entire sixteenth cen-
tury), and three of the four years before this
(1583-1583) were characterized by below-
average rainfall (Figure 2). Consolidation of
Spanish settlement in La Florida at St. Au-
gustine rather than Santa Elena at this time

was facilitated, in part, by perceptions that
the former area was more fit for settlement
(Lyon 1984:15). The role climate played in
this decision is unknown but the precipita-
tion reconstruction suggests that it may have
been more important than previously rec-
ognized.,

The Possible Effect of Climate on Prehistoric
Mississippian Occupations

Fourteen mound centers and over 300 vil-
lage, hamlet, and special activity sites are cur-
rently known from the Savannah River basin
and immediately adjoining areas, and signif-
icant changes are observed in the Missjssip-
pian archaeological record during the interval
from A.D. 1000 to 1600. Excavations have
revealed approximate periods of occupation
as well as individual construction episodes at
many of the centers and at a number of small-
er nonmound sites (Anderson 1990a:250-
464, 1994:157-259)(Table 1). A detailed cul-
tural chronology for the late prehistoric and
early historic era has been developed based
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on a cultural stratigraphy, ceramic seriation,
radiocarbon dating, and archival references
from the Spanish and English colonial period.
Variations in ceramic design motif, rim treat-
ment, and other incidental decoration have
proven to be highly sensitive chronoclogical
markers, and fine-grained late prehistoric
cultural sequences have been developed in
three parts of the basin, with temporal res-
olution on the order of L00-150 years cur-
rently possible (Anderson 1994:362-377)
(Figure 5).

Before discussing associations between the
paleoclimatic and archaeological records, it
must be emphasized that the absolute time-
scale for the archaeological sites, occupations,
and assemblages from the Savannah River
valley, although quite detailed by archaeo-
logical standards, is far less precise than the
annual timescale available from the dendro-
chronological record. Accordingly, the fol-
lowing inferences advanced here linking spe-
cific aspects of the archaeological and paleo-
climatic record should be viewed as hypo-
thetical, and may be accepted or rejected given
future investigation and improved archaeo-
logical dating. It must also be stressed, how-
ever, that the Mississippian political history
that follows, specifically the general dating of
events at individual sites, although subject to
some debate {c.f., Anderson 1990b; Eubanks
1989), was developed and published inde-
pendently of and well before the dendro-
chronological and paleoclimatic record de-
scribed here was produced (c.f., Anderson et
al. 1986, Stahle and Cleaveland 1992). Fi-
nally, in the discussion that follows, smaller
mound sites (i.e., with one or two platform
mounds) are assumed to represent the centers
of simple chiefdoms, or else subsidiary com-
munities in complex chiefdoms, while larger
centers {i.e., with more than two mounds, at
least one of which is a platform mound) are
assumed to represent the administrative and
ceremonial centers of complex chiefdoms.
Some archaeological and ethnohistoric evi-
dence supports such an assumption, although
it will, of course, require further testing (An-
derson 1994; Hally 1993; Hally et af. 1990;
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Steponaitis 1978). Only two large, multi-
mound centets existed in the basin during the
Mississippian era, at Mason’s Plantation and
Rembert (Table 1).

Mississippian populations practicing in-
tensive agriculture may have been present in
the Savannah River basin as early asca. A.D.
L0O0. Small numbers of Woodstock- and
Etowah-like ceramics have been found at the
Chauga and Rembert sites in the northern
part of the basin, suggesting that occupation
of these centers may have begun sometime
in the eleventh century (Figure 6). It is not
until ca. A.D. 1150 or shortly thereafter,
however, that unequivocal evidence for oc-
cupied Mississippian mound centers appears,
when sites with single or at best two mounds,
presumably the administrative centers of
simple chiefdoms, emerge in several parts of
the basin. Ethnobotanical evidence for inten-
sive maize agriculture likewise appears only
after this time (Anderson 1994:316-318), an
inference supported by stable carbon isotope
analyses of human skeletal remains from the
mouth of the basin, which indicate that ap-
preciable maize use in that area postdates the
St. Catherine’s phase (Larsen et al. 1992).

The paleoclimate data may help us par-
tially understand why Mississippian chief-
doms emerged when they did in the basin.
Although the reconstruction of food reserves
indicates the interval from ca. A.D. 1005 to
1055 was favorable for agnculturalists, the
period from ca. A.D. 1036 to 1152 would
have been a very difficult time, with food
supplies severely stressed during the years
from A.D. 1056 to 1061, A.D. 1076 to 1090,
and A.D. 1124 to 1 152; only during the years
around A.D. i 100 were conditions favorable
for agricultural food production. Production
of agricultural surpluses and their mobiliza-
tion as tribute, essential to fueling the trib-
utary economies of both simple and complex
chiefdoms, would have been difficult dunng
this interval. During the second half of the
twelfth century, from ca. A.D. 1154 to 1200,
however, climatic conditions were guite good,
with surpluses predicted most years, and only
a few years where shortfalls exhausted re-
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serves (n = 7, although the shortfalls from
A.D. 1162 to 1164 were quite severe). The
extended period of favorable climate that
characterized the latter half of the twelfth
century thus may have favored the emer-
gence of Mississippian centers, while the gen-
erally unfavorable interval before this time
may have hindered their development.

The two single-mound centers near the
headwaters of the basin—at Chauga and Tu-
galo, which were perhaps the earliest occu-
pied Mississippian centers in the drainage—
were abandoned around A.D. 1200. Whether
and where their populations might have re-
located is unknown, although they could have
moved downstream, given the number of
centers that appear in the lower reaches of
the basin about this time. The extended pe-
riod of increased spring rainfall that is indi-
cated for the late twelfth century may have
helped encourage down-river settlement,
since favorable harvests would have been
common and stored reserves plentiful, re-
ducing the stresses associated with reloca-

Figure 6. Mississippian centers in the Savannah River valley at ¢a. A.D. 1100-1150 and 1200,

tion. If the increased rainfall translated into
an increase in flooding, furthermore, this may
have attracted Mississippian agriculturalists,
since it would have facilitated small-scale ir-
rigation as well as have led to soil renewal in
floodplain areas (Larson 1971, 1972: Murphy
and Hudson 1968, Smith 1978; Ward 1965).

By around A.D. 1200, up to nine mound
centers were occupied in the basin, with all
but the [rene site on the coast falling in three
apparent clusters located in the central pied-
mont and in the inner and central coastal
plain (Figure 6). These sites appear to rep-
resent groups of simple chiefdoms, although
the close proximity of the centers in the three
interior clusters may indicate more complex
chiefdoms were beginning to form. The first
half of the thirteenth century was a period of
maoderate climatic deterioration, with food
shortfalls occurring in 16 of the vears from
A.D. 1201 to 1250. The increased subsis-
tence uncertainty, at least when compared to
the preceding half century fromca. A.D. 1150
to 1200, when these centers apparently



274 AMERICAN ANTIQUITY

[Vol. 60, No. 2, 1995

DI

Creck,

- \ Tate |
Beaverdam £,
i Ain Rembert
B,

Masonb’-‘«'ﬁ, ™~
Flantatiod=
Hollywood A8

l
e —n H,
q milag B Morin o
L= ] 'g
0 wilomerars 30 i

£B5 Twa Maunds
@ Mulriple Mounds (0 = number) |

%,
©  Bural Mound %
I Construetion uncertain

7 Possible Occupatian

7,

2 . |

Figure 7. Mississippian centers in the Savannah River valley at ca. A.D. 1250 and 1350.

emerged, may have led to greater coaperation
ot competition between these societies, as
their elites attempted to overcome increased
food shortages.

Betweenca. A.D. 1250 and 1350 the nature
of Mississippian occupation changed dra-
matically in the Savannah River basin, al-
though unfortunately our chronological con-
trols are not precise enough to determine when
and in what order specific events occurred.
At the beginning of this interval, as many as
10 small centers were scattered throughout
the basin, while by the end ofit, around A.D.
1350, over half of these had been abandaned,
and two major multimound centers had ap-
parently emerged, at Rembert and Mason’s
Plantation (Figure 7). By or shortly after ca.
A.D. 1300 the small mound centers at Hol-
lywood, Lawton, and Red Lake n the coastal
plain, and Beaverdam Creek and Tate in the
centra| piedmont had been abandoned, while
at the mouth of the river platform mound
construction had ceased at Irene. In the cen-
tral piedmont, in contrast, occupations at the

multimound Rembert site were particularly
extensive from ca. A.D. 1300-1450, the in-
terval to which most of the Mississippian ma-
terials from the site are dated (Anderson 1994:
193-194; Anderson et al. 1986:41—42; Cald-
well 1953; Rudolph and Hally 1985:456—-
459). The fourteenth century is also thought
to have been the period of primary occupa-
tion at the multimound Mason’s Plantation
site in the inner coastal plain, although our
dating of this site, which had washed away
by the end of the last century, is based purely
on circumstantial evidence, notably that ex-
tant collections from the immediately sur-
rounding area date to this approximate time
periad {(Anderson 1994:193-194).

These events are thought to represent the
collapse or incorporation of several of the
valley's simple chiefdoms into one or two
complex chiefdoms, centered at Mason’s
Plantation and Rembert. Climatic conditions
were generally quite favorable throughout this
interval, with only 16 years of shortfall in-
dicated in our reconstruction hetween A.D.
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1251 and 1358. While the process leading to
the emergence of complex chiefdoms, assum-
ing our interpretation of events is correct,
may have been initiated during the period of
subsistence uncertainty that characterized the
early thirteenth century, the culmination of
this trend occurred during an extended pe-
riod of favorable conditions. The extensive
agricultural surpluses potentially present
could have been used by particularly com-
petent elites to further their political agendas,
which appear to have included absorbing or
eliminating less successful elites in outlying
centers. In the Savannah River basin, the
growth of complex chiefdoms took place at
the expense of surrounding simple chief-
doms, a process that has also been observed
in a number of other southeastern Mississip-
pian societies (e.g., Blitz 1993; Steponaitis
1978:440-449, 1991, Welch 1991). The elites
at Rembert thus likely hastened the aban-
donment of the centers at Tate and Beaver-
dam Creek, while those at Mason’s Planta-
tion likely stifled the political ambitions of
populations in the lower drainage, where
abandonments are indicated at the Irene,
Lawton, and Red Lake centers, and possibly
at Hollywood as well; exactly how these pro-
cesses unfolded is unknown.

The third quarter of the fourteenth century
was likely a time of great environmental stress
on the basin’s chiefdoms. Below-average
rainfall conditions occurred most years, with
harvest shortfalls exceeding reserves 12 of the
19 vears from A.D. 1339 to 1377. Unfortu-
nately, our archaeological dating is not suf-
ficiently precise at present to resolve what
happened during these years, although some
suggestions, subject to further evaluation as
our chronological resolution improves, can
be made. It is possible, for example, that the
abandonment of some of the valley’s single-
mound centers, inferred to have happened
before A.D. 1350 (and likely did for several
of them, given current understanding of their
dating, as indicated 1n Table 1), may have
actually occurred during this later period. This
Is possible at Hollywood and Irene, where
platform mound construction is thought to
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have ceased sometime between A.D. 1300
and 1350; that our dating of these events may
be off by 20 or 30 years is not at all incon-
ceivable.

The absence of late Mississippian artifacts
in the Mason’s Plantation area indicates this
center was probably abandoned sometime
between ca. A.ID. 1350 and 1450, During this
same interval there 15 unequivocal evidence
for the appearance or expansion of fortifi-
cations at Irene, which underwent a renewal
of sorts, and at Rucker’s Bottom, a small ag-
ricultural village in the piedmont (Anderson
1994:184, 219-223, Anderson and Schuld-
enrein 1985:523-531). Since there is no ev-
idence for occupation at any of these three
sites after ca. A.D. 1450, it is tempting to
place the start of these events in the early part
of this range, during a period of great sub-
sistence uncertainty. It is equally plausible,
as we shall see, however, that they could have
aoccurred somewhat later, in the early fif-
teenth century.

After A.D. 1377 climate improved for a
generation, and crop surpluses are predicted
almost every year until A.D. 1407. A mod-
erate deterioration in climate lasting almost
three-quarters of a century immediately fol-
lowed, however, with shortfalls occurring in
21 of the 70 years from A.D. 1407 to 1476.
Sometime during this roughly century-long
interval, both the Mason’s Plantation and
Rembert complex chiefdoms collapsed; the
dating of assemblages attributed to the two
complexes suggests the former declined be-
fore the latter (Figure &). Sometime after ca.
A.D. 1350-1375, a rounded burial mound
was built over the abandaned and eroded
platform mound at Irene, a council house and
mortuary complex appeared, and the asso-
ciated buildings and fortifications were en-
larged appreciably. Although a more egali-
tarian form of political organization is sug-
gested by the presence of a council house, the
populations using the Irene site appear to have
dominated the lower drainage for a time, with
evidence for their interments, in the form of
urn bunals, noted as far inland as Hollywoaod
and Stallings Island.
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Figure 8. Mississippian centers in the Savannah River valley at ca. A.D. 1400-1450 and 1500.

Irene was finally abandoned around A.D.
1450, and by the late fifteenth century the
entire lower two-thirds of the basin was de-
populated, with no evidence for reoccupation
until late in the seventeenth century {Ander-
son 1994:249-250). Interestingly, stable car-
bon/nitrogen isotope analyses conducted at
Irene indicate maize use was appreciably low-
er during the final period of occupation than
when the platform mound was in use, a pat-
tern that may reflect the greater climatic un-
certainty or, given the absence of evidence
for elites, reduced demands for surpluses to
further chiefly political agendas (Larsen et al.
1992).

The fourteenth and fifteenth centuries also
saw the reaccupation of long-abandoned cen-
ters in the upper part of the basin, at Tugalo
and Chauga, as well as the emergence of a
new center at Estatoe. That this happened
more or less contemporaneously with the de-
population of the lower basin raises the pos-
sibility that a movement of people upriv-
er may have occurred. The appearance and

expansion of fortifications at both Rucker’s
Bottom and Irene just prior to their aban-
donment suggests warfare or raiding was on
the increase, perhaps as groups sought to ob-
tain food (or control food-producing hunting
territories) to overcome the agricultural
shortfalls characteristic of this pertod. Other
evidence for increased warfare has also been
noted at this time, including multiple burials,
weapons trauma, and the presence ofisolated
skulls, although the samples are small (An-
derson 1994:293-294, 300). Finally, during
the fifteenth century a number of mound cen-
ters in the drainages to the east of the Sa-
vannah were also apparently abandoned, in-
cluding Scott’s Lake along the lower Santee
and Blair and McDowell along the Broad
(DePratter 1989). All of these centers are in
South Carolina, and may have been subject
to the same or similar climatic conditions
inferred for the Savannah basin, since the
rainfall and derivative crop yield/storage re-
constructions were produced and verified us-
ing statewide precipitation data.
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The food reserve reconstruction indicates
that the years from A.D. 1469 to 1476 were
particularly bad, the longest near-continuous
period of shartfalls of the entire century (in
A.D. 1474, following five years of shortfall,
a slightly above average harvest occurred,
which was followed by two more bad years).
The fifteenth-century climate downtum may
not have delivered the coup de grice to the
agricultural populations in the lower basin,
but it likely played a role. A long interval of
decreased rainfall would have had a marked
effect on crop vields and hence surplus pro-
duction, affecting in turn the ability of local
chiefly elites to finance their political systems.
The changes in Mississippian settlement ob-
served in the Savannah River basin in the
fifteenth century may thus reflect, in part,
drought-induced migrations of peoples from
the lower to the upper portion of the basin,
or to other, more favored polities in adjoining
drainages. If true, population relocation anal-
ogous ta the abandonment of the Colorado
Plateau (Dean et al. 19835) and the Virgin
Branch Amnasazi (Larson and Michaelson
1990) may have occurred, if not entirely for
the same reasons.

In the late fifteenth century an extended
period of favorable climate began, lasting un-
til A.ID. 1559, with shortfalls indicated during
only 10 years. Unfortunately, Mississippian
populations were no longer present in the
lower Savannah River basin, nor did they
return, suggesting that social or political fac-
tors rather than environmental conditions
were dictating local settlement patterns. Ar-
chaeological research in nearby areas has giv-
en us some clues about what these factors
were, since the chiefdoms in the major drain-
ages on either side of the Savannah not only
survived, but apparently expanded apprecia-
bly during this pertod. The fifteenth and six-
teenth centuries witnessed substantial pop-
ulation growth in the upper Oconee River
basin to the west of the Savannah (Kowa-
lewski and Hatch 1991); some of this includ-
ed population dispersal throughout the up-
lands, which may represent a successful at-
tempt to deal with increased subsistence un-
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certainty and perhaps warfare through the
scattering of people, storage facilities, and
fields.

Dwuring this same period the chiefdom of
Cofitachequi in central South Carolina
achieved regional prominence, although pop-
ulation nucleation in central towns, rather
than a dispersal into numerous small ham-
lets, seems to have occurred in this case. The
abandonment of nearby centers like Scott’s
Lake, Blair, and McDaowell appears to have
been part of this process, suggesting the po-
litical suboardination of potential rivals
(DePratter 1989; Hudson 1990) (Figure 9).
(When de Soto arrived at Cofitachequi in the
spring of 1540, he was received with great
hospitality and given appreciable quantities
of food [Garcilaso de [a Vega in Varper and
Vamer 1951:300-301]. Extensive food re-
serves are predicted from the reconstruction,
offering a partial explanation for the courte-
ous reception the expedition received; it
would be interesting to see what food reserves
might have been potentially available in oth-
er parts of the region, where the expedition
was not always so readily welcomed.)

As noted in the discussion of the records
from Santa Elena, the reconstruction indi-
cates that crop yields during the period from
1559 to 1569 were disastrous, representing a
period of near-continuous harvest shortfalls
equaled or exceeded in severity only twice
before during the preceding five centuries—
during the late eleventh and late fifteenth cen-
turies, from 1076 to 1090 and 1469 to 1476.
These conditions, which, as we have seen,
placed a great hardship on bath the Spanish
and Indian populations, may additionally of-
fer a cautionary tale on the effect of climatic
variability on ethnographic or ethnohistoric
interpretation. A local Indian group is re-
ported to have spent much of the year since
“time immemorial” wandering in search of
wild plants and animals (Juan Rogel 1570 in
Waddell 1980:147-153); this maobility may
have been an effort to locate alternate food
resources in direct response to the extended
drought conditions of the past decade, and
not the natural order of things.



278 AMERICAN ANTIQUITY

[Val. 60, No. 2, 1995

00 W —

® Apalachee

Route of Soto 1540

Raute of Parda 1566-1568
Tree-Ring Sampling Locality
inferred Extent of Settlement

A Faur Hole

e
o kilometers 150

(Sources; Hudsen etal 1985: 723, 725; Hudson et al. 1984 £9; DePratier et al, 1943: 133)

Figure 9. DMississippian polities in and
near the Savannah River basin in the
sixteenth century.

Political Change in Mississippian
Chiefdoms: Lessons from the Savannah
River Valley

Qur examination of paleoclimatic data for
the period of Mississippian and early historic
settlement in the Savannah River area re-
vealed several extended periods of above- or
below-average warm season rainfall and
probable crop surpluses and deficits from
A.D, 1100 to 1600. A number of approxi-
mately dated episodes of prehistoric social
change, we have seen, appear to have oc-
curred during these extended periods of sur-
plus or deficit food reserves. Growing season
rainfall, through its effect on crop yields, we
have argued, likely played an important caus-

al role in many of these observed changes, a
hypothesis that can be further tested on a site
and regional basis given improved dating of
relevant archaeological manifestations. Giv-
en our current level of chronological resolu-
tion, though, century-scale associations, such
as the apparent emergence of complex chief-
doms during an extended favorable climatic
interval, or the abandonment of the lower
basin during a long downturn, must be viewed
as more likely than decade-scale associations,
such as the dating of the appearance of for-
tifications at Rucker’s Bottom and Irene to a
comparatively brief period of climatic dete-
rioration in the late fourteenth century.

The analysis clearly indicates the impor-
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tance of stored food reserves on the stability
of chiefdoms in an area like the Southeast,
where appreciable interannual climatic vari-
ability affecting agricultural food production
occurs. Reserves would have enabled local
Maississippian populations to buffer shortfalls
in production, enabling them to overcome
with minimal dislocation both isclated crop
failures as well as a number of consecutive
vears of slightly to moderately below-average
harvests. Qur reconstruction indicates, in fact,
that maintaining one vear's reserves would
have ensured adequate or better food sup-
plies three-quarters of the years from A.D.
1005 to 1600 (n =449, or 75.3 percent). When
extended periods of drought did happen, fur-
thermeore, reserves could have ensured that
the effects of declining harvests were spread
out, giving local populations more time to
switch to other sources of food. This same
analysis shows, however, that no reasonable
or feasible storage strategy could have en-
abled local Mississippian populations to avoid
stress during major periods of extended
drought (e.g., see Figure 4).

Finally, our analysis also highlights the fact
that climatic conditions alone cannot explain
all of the changes observed in the Savannah
River chiefdoms. A prime example is the de-
population of the lower basin in the mid-
fifteenth century. Although this abandon-
ment occurred during an extended downturn
in climate, and might be comprehensible in
these terms, this does not explain why the
area remained unoccupied for almost two
centuries afterward even though favorable
rainfall conditions reappeared in the late fif-
teenth century. The reasons for the continu-
ing depopulation are complex and appear
deeply rooted in political geography and his-
tory, notably the locations of and rivalries
between a number of chiefdoms over the larg-
er region (Anderson 1994:326-329).

In brief, at the time of the de Soto expe-
dition in 1540, the complex chiefdoms of
Ocute and Cofitachequi occupied the central
parts of Georgia and South Carolina, respec-
tively, and were reported to be bitter rivals;
the Spanish army passed through an exten-
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sive unoccupied buffer zone when traveling
between them, that included the area occu-
pied by the Savannah River chiefdoms the
century before (Rodrigo Ranjel in Bourne
1904:89—-102, 140; Fidalgo de Elvas in Bourne
1904:35-69; Hudson et al. 1985, 1987, 1990)
(Figure 9). The Mississippian populations
along the Savannah thus appear to have been
caught between two powerful, expanding
chiefdoms, and the increased political and
likely military competition they faced came
about at a time when climatic deterioration
was creating appreciable stress both locally
and perhaps over a much larger area. Forced
to make up harvest shortfalls by obtaining
wild plant and animal resources from sur-
rounding areas, the Savannah Mississippian
populations likely came into increased con-
tact with rivals from nearby drainages, who
may have also been concerned with finding
alternate sources of food. If hostilities re-
sulted, the Savannah, which is appreciably
smaller than the major drainages to either
side, may have had an appreciably lower base
papulation, giving elites in the basin a nu-
merical disadvantage in such conflicts. Over
time, the chiefdoms along the Savannah col-
lapsed and their populations either died out
or relocated; once the basin was abandoned,
the continuing hostilities within the region
precluded its reoccupation.

Although the Savannah chiefdoms had
survived periods of prolonged drought dur-
ing earlier centuries, they had not, apparent-
ly, previously been threatened by external ri-
vals, since the political landscape of eastern
Georgia and South Carolina was largely char-
acterized by simple chiefdoms prior to the
fourteenth century (DePratter 1989: Wil-
liams and Shapiro 1987). Extended harvest
shortfalls, when coupled with increasing losses
in warfare or hunting activity, would likely
have severely challenged the sacred authority
of the Savannah River elites, in turm affecting
their ability to mobilize tribute. The gradual
circumscription of the Savannah River chief-
doms likely led to a relocation of the valley’s
population to other areas, and to more suc-
cessful leaders. For these reasons, strict en-
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vironmental determinism cannot explain the
events observed in the archaeological record
of the Savannah River basin. Environment
and climate likely played an important role,
but so teo did the political conditions that
existed between the region’s chiefdoms.

Conclusions

The paleoclimatic data used in this analysis
were achieved through dendrochronological
and dendroclimatological research. Although
analyses of this kind have a long history in
the Southeast, dating back to Gordon R. Wil-
ley’s (1937) pioneering efforts to derive a cen-
tral Georgia chronology while working at
Macon Plateau in the 1930s (see also Bell
1951 and Hawley 1941), only now is their
full potential being realized. We have seen
that a number of major changes in the pre-
historic archaeological record of the Savan-
nah River basin, including the emergence and
collapse of a series of simple and complex
chiefdoms, may have occurred during ex-
tended periods of recoastructed food surplus
or shortfall. A great deal of additional re-
search will be required, however, 1o bring a
high level of confidence to our hypothesis
that these events are directly related.
Refinement of the archaeological timescale
is a prerequisite to further research, since our
placement of components in the South Ap-
palachian area is, at best, no more than * 50
years. Many more accurate and precise dates
will be needed in order to rigorously test the
hypothesized influence of past climate vari-
ation on the food reserves and political
changes in Mississippian chiefdoms. Den-
drochronology is now a feasible dating meth-
od for the late prehistonc period in many
parts of the Southeast. Bald cypress chro-
nologies 800 to 1,600 years long are available
from several locations on the Atlantic coastal
plain and in the lower Mississippt Valley, and
an 850-year-long red cedar chronology de-
veloped in the Missouri Ozarks (Guyette
198 1) has recently been confirmed and up-
dated. If suitably preserved cypress or red
cedar wood or charcoal can be recovered in
proximity ta these available master chronol-
ogies, then exact tree-ring dates might be ob-
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tained for specimens with as few as 100 growth
rings. Archaeological wood could also con-
tribute to substantial extension of the master
tree-ring chronologies. The many dugout ca-
noes of various ages from the Southeast are
one excellent source of ancient wood that
could contribute to these chronological goals.

If tree-ring dates cannot be obtained, at
least two ather dating methods might provide
the level of precision and accuracy needed to
test climate hypotheses. Prehistoric timbers
with more than 100 annual growth rings could
provide radiocarbon specimens from fixed
time intervals {for example, 101 growth rings
could provide six radiocarbon specimens,
each exactly 20 years apart). These specimens
could be submitted for high-precision '*C
dating, and the derived dates used to repro-
duce a segment of the radiocarbon secular
variation curve. Ifthe prehistorc timber hap-
pens to date from a period when the radio-
carbon curve was quite variable, then the
“wiggles” evident 1n the curve could be
matched against the wiggles in the secular
variation curve, Under these most favorable
conditions, an accurate date within *+ L0 years
could then be determined for the terminal
ring, because the secular variation curve has
been calibrated against the exact tree-ring ti-
mescale (Clark and Renfrew 1972; Clark and
Sowray 1973; Pearson 1586; Stuiver and
Becker 1986}).

Archacomagnetic dating provides a second
method of obtaining reasonably accurate
dates with a precision of £15 to =60 years
at the 95 percent confidence level {(Wolfman
1984:396). The polar curve available for the
southwestern United States appears valid for
the lower Mississippi Valley, but it may be
necessary to develop a separate polar curve
for the remainder of the Southeast (Wolfman
1984:408—410). Needless to say, increased
temporal precision would be valuable in the
exploration of a host of questions facing
Southeastern archaeology.

Other topics that need to be explored in
greater detail are the geographic scale of the
dendroclimatological reconstructions, tem-
poral patterns of past rainfall anomalies, and
links between growing season rainfall, tree



Andersan et al.]

growth, and crop vields. For example, are
extended periods of above- and below-av-
erage precipitation synchronous over large
areas, and if so, how does this impact cultural
systems, in particular activities like warfare,
alliance formation, settlement and field dis-
tributions, and hunting and storage strate-
gles?

Research will need to be directed to veri-
fying relationships between reconstructed
rainfall values and crop vields, factoring out
the effects of modem agricultural practices.
Our reconstruction of potential food reserves
presumes, for example, that “growing sea-
son” rainfall amounts averaged from March
through June are directly related to Missis-
sippian crop yields. For the most part, this
seems to be a reasonable presumption for
long-maturing crops such as maize, but is it
likely that complete crop failure would occur
if a dry March to June was followed by a
favorably moist July to September? An ex-
cessively wet March to June might also fail
to provide even the surplus harvests our sim-
ple crop-rainfall model predicts, much less
the *“excess surpluses” downplayed in this
analysis. Therefore, the degree to which
March—June rainfall was associated with
Mississippian agricultural production needs
to be explored in detail. This might be ac-
complished by experimental crop production
using Mississippian agricultural technology,
or by comparing March to June rainfall with
twentieth-century crop vyield data for crops
grown without irrigation and with trend from
technological intervention (e.g., fertilizer and
pesticide [Burns 1983]), presuming such data
can be located for the southeastern United
States.

Finally, additional archaeological, archi-
val, and ethnographic information concern-
ing Mississippian storage technology and ca-
pacity, and the exchange of foodstuffs, will
be needed.

Southeastern Mississippian and earlier ex-
change networks are usually posited by ar-
chacologists as risk-minimization systems
established, in part, to ensure that food short-
ages in one area could be made up from other
areas. The transfer of food, sometimes in ex-
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change for valuables, is typically inferred, al-
though exchange could also reinforce social
ties that would allow populations to relocate
at least temporarily in times of hardship {e.g.,
Braun and Plog 1982, Brose 1989; see also
Halstead and O'Shea 1989 and O’Shea 1981).
Given the logistical difficulties inherent in
moving bulk goads, particularly between so-
cieties located in differing drainages, how-
ever, it is unlikely that major interpolity ex-
change systems predicated on the movement
of massive amounts of food ever existed in
the region {(although the possibility of exten-
sive intrapolity bulk goods movements along
river systems should not be discounted). Giv-
en the frequency and rapidity with which
stored reserves could have been exhausted,
the analysis here suggests that seed grain,
rather than bulk foodstuffs, may have been
an important component of Mississippian
exchange systems.

Analyses of paleoclimate are likely to prove
valuable to the study of southeastern archae-
ology and history. The South Appalachian
area alone offers many fruitful avenues for
future research. The occupation and aban-
donment of Macon Plateau, for example, can
be explored in conjunction with the recently
develaped tree-nng chronology from the Al-
tamaha River (Stahle and Cleaveland 1992).
The early to mid-twelfth century, when the
chiefdom at Macon is thought to have col-
lapsed, for example, was a period of unusual
droughtin central Georgia that may have been
a source of stress on the inhabitants of this
society, Many of the major historic Indian
revolts during the colonial period, such as the
Guale revolt of 1597, the Yamassee War of
1715, and the Cherokee War of 1760, oc-
curred during or just following periods of re-
constructed drought, although the possible
role of reduced harvests is not known. Long-
term climate trends during the historic period
may have played a role in shaping settlement
expansion or agricultural practices, as the
Santa Elena example suggests (see also Burns
1983:12-13; Hawley 1941:66).

Compelling evidence for political change
is apparent in the late prehistoric archaeo-
logical record of the southeasterm United
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States. Mississippian chiefdoms varied ap-
preciably in size and organizational com-
plexity, and scores of these societies emerged,
expanded, and then collapsed within the re-
gion during the period from ca. 800 to 1600.
The investigation of climatic factors, we have
seen, must be considered if we are to fully
understand organizational change in these so-
cieties. In recent years some scholars have
tended to downplay the role of natural forces
in the shaping of human events, and to stress
the determinative role of individual actors
and their cultural and ideological environ-
ment. These are fully appropriate and infor-
mative areas for study. It is difficult to argue
that climatic effects were unimportant to the
Mississippian chiefdoms of the Southeast,
however, given the impact climatic variabil-
ity has had on modern American society, as
witnessed by the great droughts of 1986 and
1988, and the floods of (993 and 1994. A
perspective emphasizing natural as well as
social forces, this example from the Savan-
nah River basin indicates deeper insight about
the causes of prehistoric cultural change.

Acknowledgments. The authors would Like to thank the
following individuals for their advice and comments on
earlier versions of the research presented here: William
O. Autry, Jeffrey 5. Dean, Chester B, DePratter, William
R. Farrand, Richard 1. Ford, Teresita Majewski, J. Jef-
ferson Reid, Kenneth E. Sassaman, Stanley A. South,
Tohn D. Speth, and Henry T. Wright. Michael W. Graves,
editor, Tanet Walker, managing editor, and several anon-
ymous American Antiguiry reviewers deserve particular
thanks for their detailed comments and patience; this
paper has been much improved by the review process.
The arguments advanced, of course, remain the respon-
sibility of the authors. Maria Nieves Zedefia is to bhe
thanked for preparing the Spanish translation of the ah-
stract.

The tree-ring research at the University of Arkansas
has been funded by the WNational Science Foundation
Climate Dynamics Program, under grant ATM-8914561.
We thank Norman Brunswig, the National Audubon So-
ciety, and the Nature Congervancy for permission to
collect tree-ring specimens in the Francis Beidler Forest.
Primary tree-ring specimens are permanently curated by
the University of Arkansas Museum, and all derived
nng-width data and tree-ring chronologies are archived
on magnetic tape at the University of Arkansas and at
the International Tree-Ring Data Bank at the National
Geophysical Data Center. These data, and the derived
food storage calculations, are available on request from

[Vol. 80, No. 2, 1995

the authors. Earlier versions of this paper were presented
at the 1990 annual meeting of the Southeastern Archae-
ological Conference and the 1991 Annual Meeting of the
Society for American Archaeology. An expanded version
of the archacological research presented here appeared
in The Savannah River Chigfdoms (Anderson 1994}, and
the authors wish to thank the University of Alabama
Press for permission to reproduce, in revised format,
Figures 16, 58, 59, and 40, and Table 4 from that manu-
sCcript.

References Cited

Anderson, D. G.

1990a  Pofitical Evolution in Chiefdom Societies. Cp-
cling in the Late Prehistoric Southeastern United
States. Ph.D. dissertatian, Department of Anthro-
pology, University of Michigan, University Micro-
films, Ann Arbor.

1990k The Mississippian Qceupation and Abandon-
ment of the Savannah River Valley. The Filorida
Anthropologist 43(1):13-335.

1994  The Savannah River Chiefdoms: Palitical
Change in the Late Prehistoric Southeast, Univer-
sity of Alabama Press, Tuscaloosa.

Andersan, . G., and J. Schuldenrein,

1985 Prehisiaric Human Ecology Along the Upper
Savannah River: Excavations at the Rucker's Boi-
tom, Abbevitle, and Bullard Site Groups. Russell Pa-
pers, Interagency Archeological Services Division,
National Park Service. Atlanta, Georgia.

Anderson, D. G., D. [. Hally, and J. L. Rudolph

1986 The Mississippian Occupation of the Savan-
nah River Valley. Sautheastern Archaealtogy 5(1)
32-51.

Anderson, D. G, C. Amer, and R. F. Elliott

1994 Archaeological Survey Afong the Upper Savan-
nah River, 1990, Including Underwater fnvestiga-
figns at the Rembert Mound Group. Technical Pa-
pers |, Interagency Archeological Services Division,
MNational Park Service. Atlanta, Georgia.

Anderson, J. L.

1981 History and Climate: Some Economic Madels.
[n Climate and History: Studies in Pase Climates
and their [mpact on Man, edited by T. M. L. Wigley,
M. I. [ngram, and G. Farmer, pp. 337-355. Cam-
brodge University Press, Cambridge.

Bell, R. E.

1951 Dendrochronology at the Kincajd Site. In Kisn-
caid: A Prehistoric Iflinais Metropalis, by F. Cooper-
Cole. University of Chicago Press, Chicago.

Blitz, John

1993 Ancient Chiefdoms of the Tombighee. Univer-

sity of Alabama Press, Tuscaloosa.
Bourne, E. G. {editor)

1904 NMNarratives af the Career of Hernando De Soto
in the Conguest of Florida as Told by a Knight of
Elvas and in a Relation by Luys Hernandez de Bied-
ma, Factor of the Expedition, Translated by Buck-
ingham Smith, Taogether with an Account of De So-
ta's Expedition Based on the Diary of Rodrigo Ran-
jel. His Prabate Secretary, Translated fram Ovidea's
Historia General y Natural de fas Indias. 2 volumes.
A. 5. Barmnes and Company, New York.



Anderson et al.]

Braun, D., and 8. Plog

1982 Ewvolution of “Tribal” Social Networks: The-
ory and Prehistoric North American Evidence.
American Antiguity 47:504-515.

Brose, D. S.

1989 From the Southeastern Ceremonial Complex
to the Southern Cult: “You Can't Tell the Players
without a Program.” In The Southeastern Cere-
montal Complex: Artifacts and Analysis The Cot-
tonlandia Conference, edited by P. Galloway, pp.
27-37. University of Nebraska Press, Lincoln.

Brumfiel, Elizabeth M., and John W. Fox {editors)

1994  Factional Competition in the New World.

Cambridge University Press, Cambridge.
Burmns, B. T.

1983 Simulated Anasazi Storage Behavior Using Crap
Yields Reconstructed from Tree Rings: 4.D. 652-
1968. Unpublished Ph.D. dissertation, Department
of Anthropalogy, University of Arizona. University
Microfilms, Ann Arbor.

Caldwell, 1. R.

1953 The Rembert Mounds, Elbert County, Geor-
gia. Bureau of American Ethnology Bulletin i54:
303-320. Washington, D.C.

1956 Progress Report on Excavation at Tugalo (951] -
Georgia). Manuseript on file at the Laboratory of
Archacology, University of Geaorgia, Athens.

Caldwell, I. R., and C. McCann (editors)

1941 [rene Mound Site, Chatham Counrty, Geargia.

University of Georgia Press, Athens.
Campbell, J. L., and C. §. Weed

1984 The Beaverdam Group Archaeological Inves-
tigations ar 9ER92, 9FB2G7, YEL20S, and YEAR2 9
Richard B. Russefl Multiple Resource Area, Ethert
County, Geargia. Russell Papers, Interagency Ar-
cheological Services Division, National Park Ser-
vice. Atlanta, Georgia.

Chmumy, W. W.

1973 The Ecolagy of the Middle Mississippian Oc-
cupation af the American Bortom. Unpublished Ph.D.
dissertation, Department of Anthropology, Univer-
sity of Illinois at Urbhana-Champaign. University
Micrafilms, Ann Arbor.

Clark, R. M., and C. Renfrew

1972 A Statistical Approach to the Calibration of
Floating Tree-Ring Chronologies Using Radiocar-
hon Dates. drchacometry 14:5-19.

Clark, R. M., and A. Sowray

1973 Further Statistical Methods for the Calibration
of Floating Tree-Ring Chronalogies. Archasomerry
15:255-2466.

Cannor, I. T.

1925 Colonial Records af Spanish Florida Letters and
Reparts aof Gavernors and Secular Persons. Volume
I A.D. 1570-1577. Publications of the Florida State
Histarical Society. Deland, Florida.

1928  Pedro Menéndez de Avilés: Adelantado, Gov-
ernor and Captain-General of Flarida; Memorial by
Gonzalo Sollaals de Merds; First Published in La
Florida su Conguista p Colonizacion por Pedro Me-
néndez de Avifés by Eugenio Ruidiaz p Caravia. Pub-
lications of the Florida State Historical Society,
MNumber 3. Deland, Florida.

1930 Colonial Records of Spanish Florida Letters and
Reports of Governors, Deliberations of the Council

FOOD RESERVES OF MISSISSIPPIAN SQCIETIES 283

af the Indies, Royaf Decrees, and Other Documents.

Volume IT A.D. 1577-1580. Publications of the

Flonda State Historical Society. Deland, Flonida.
Cook, E. R., D. W. Stahle, and M. K. Cleaveland

1892 Dendroclimatic Evidence from Eastern North
America. [n Climate Since 1504, edited by R. S.
Bradley and P. D. Jones, pp. 331-348. Routledge,
Lendon.

Cordy, B, H.

L9RL A Study of Prehistoric Social Change. The De-
velopment of Complex Societies in the Hawaiian
Istands. Academic Press, New York.

Dean, I. 8., R. C. Euler, G. ]. Gummerman, F. Plog, R.
H. Hevly, and T. N. V. Karlstrom

1985 Human Behavior, Demography, and Palecen-
viranment on the Colorado Plateau. American 4n-
tiguity 50:537-554.

DeBaillou, C.

1965 A Test Excavation of the Hollywood Mound

(9Ril), Georgia. Southern Indian Studies 17:3-11.
DeBoer, W, R.

L988 Subterranean Storage and the Organization of
Surplus: The View from Eastern North America.
Southeastern Archaeology 7:1-20.

DePratter, C. B.

1983 Late Prehistaric and Early Historic Chiefdoms
in the Southeastern United States. Unpublished
Ph.D. dissertation, Department of Anthropology,
University of Georgia, Athens. University Micro-
films, Ann Arbor,

1989 The Archaeology of Cohitachequi. In Studies in
South Carofina Archaeology. Papers in Honor of
Rabert L. Stephenson, edited by A. C. Goodyear [I[
and G. T. Hansan. Anthropological Studies. South
Caralina Tastitute of Archaeology and Anthropal-
ogy, University of South Carolina, Columbia.

DePratter, C. B., C. M. Hudson, and M. T. Smith,

1983 The Route of Juan Pardo’s Explorations in the
Interior Southeast, 1566-1568. Florida Historical
Quarterly 62:125-158.

DeVries, I

1980 Measunng the [mpact of Climate on History:
The Search for Appropriate Methodclogies. Journal
of Interdisciplinary History 10:599-630.

Douglass, A. E.

1941 Crossdating in. Dendrochronology. fournal of
Forestry 39:825-831,

Espenshade, C. T., T. Pluckhahn, M. Rohents, D. C.
Jones, and E. C. Poplin

1993 Cultural Resources Survey and Testing of the
Georgia Pacific (Thompson-Tawns) Tract Screven
County, Georgia. Brockington and Associates. At-
lanta, Georgia.

Eubanks, W. S, Jr.

1989 Studying deSoto's Route: A Georgian House

of Cards. The Florida Anthropologist 42(4).369-380.
Flohn, H.

1981 Short-term Climatic Fluctuations and Their
Economic Role. [n Climate and History: Studies in
Past Climates and Their Impact on Man, edited by
T. M. L. Wigley, M. I. [ngram, and G. Farmer, pp.
310-318. Cambridge University Press, Cambridge.

Ford, R. [.
1974 Northeastern Archaeology: Past and Future



284 AMERICAN ANTIQUITY

Directions. Annual Review of Anthrapology 3:185-
413,

1977  Evolutionary Ecology and the Evolution of Hu-
man Ecosystems: A Case Study from the Midwest-
ern United States of Amenca. In Explanation af
Prehistoric Change, edited hy J. N. Hill, pp. 153~
184. University of New Mexico Press, Albuguerque.

Fritts, H. C.

1976 Tree-Rings and Climate. Academic Press,

London.
Grange, R. D.

1972 The I £ Few Site (38PN2). Manuscript on file
at the South Carolina Institute of Archaeology and
Anthrapology, University of South Carolina, Co-
lumbia.

Gyette, R.

1981 Climarnie Patterns of the Ozarks as Recon-
structed from Tree-Rings. Unpublished Master's
thesis, University of Missoun, Columbia.

Hally, D. 1.

1986 The Cherokee Archacology of Georgia. In The
Conference on Cherokee Prehistary, assembled by
D. G. Moore, pp. 95-121. Warren Wilson College,
Swannanoa, Neorth Carolina.

1993 The Temtonal Size of Mississippian Chief-
doms. In drchaeology of Eastern North America Pg-
pers in Honor of Stephen Williams, edited by [. B.
Stoltman, pp. 143-168. Archaeological Report No.
25, Mississippi Department of Archives and His-
tory, Jackson.

Hally, D. ., and J. L. Rudolph

1986 Mississippi Period Archaeology of the Georgia
Piedmont. Laboratory of Archaeology Senes Report
No. 24. University of Georgia, Athens.

Hally, D. J., M. T. Smith, and J. B. Langford, Jr.

1990 The Archaeological Reality of DeSoto’s Coosa,
In Archaeological and Historical Perspectives on the
Spanish Borderlands East, edited by D. H. Thomas,
pp. [21-138. Columbian Consequences, vol. 2.
Smithsonian [nstitution Press, Washington, D.C.

Halstead, P., and J. O'Shea (editors)

1989 Bad Year Economics: Cultural Responses to
Risk and Uncertaintp. Cambridge University Press,
Cambndge.

Hawley, F.

1941  Tree Ring Analysis and Dating in the Missis-
sippt Drainage. University of Chicago Press, Chi-
CABO.

Hudson, C. M.

1990 The Juan Parde Expeditions: Exploration of
the Carolinas and Tennessee, 1566—1568. Smith-
sonian Institution Press, Washington, D.C.

Hudson, C. M., M. T. Smith, and C. B. DePratter

1984 The Hemando DeSoto Expedition: From Ap-
alachee to Chiaha. Sautheastern Archaeology 3:65-
117.

Hudson, C. M., J. E. Warth, and C. B. DePratter

1990 Refinements in Hernando DeSoto's Route
through Georgia and South Carolina. In Archaeo-
logical and Historical Perspectives on the Spanish
Bordertands East, edited by D. H. Thomas, pp. 107-
119. Columbian Consequences, vol. 2. Smithsonian
Institution Press, Washingtan, D.C.

Hudson, C. M., M. T. Smith, D. J. Hally, R. Polhemus,
and C. B. DePratter

[Vol. 60, No. 2, 1995

1985 Coosa: A Chiefdom in the Sixteenth Century
United States. American Antiquine 50:723-737,

987 In Search of Coosa: Reply to Schroedland Boyd.
American Antiquity 52:840-857.

Hutto, B.

L970  Archaeological Survey of the Elbert County,
Creargia, Portion aof the Proposed Trotter's Shoals
Reservoir, Savannah River. Laboratory of Archae-
ology Series No. 7. University of Georgia, Athens.

Ingram, M. I., G. Farmer, and T. M. L. Wigley

1981a Past Climates and Their Impact on Man: A
Review. [n Climate and History: Studies in Past
Climates and Their Impact on Man, edited by T.
M. L. Wigley, M. ]. Ingram, and G. Farmer, pp. 3-
50. Cambridge University Press, Cambridge.

Ingram, M. J., D. J. Underhill, and G. Farmer

1981b  The Use of Documentary Sources for the Study
of Past Climates. In Climate and History: Studies
in Past Climates and their Impact on Man, edited
by T. M. L. Wigley, M. I. Ingram, and G. Farmer,
pp. [80-213. Cambridge University Press, Cam-
bndge.

Tones, C. C.

[873  Anriquities of the Southern Indians, Particu-
larly of the Geargia Tribes. D. Appleton and Com-
pany, New York.

Tones, E. L.

1964 Seasans and Prices: The Role of Weather in
English Agricultural History. George Allen & Un-
win, London.

Tudge, C.

1991 Some Preliminary Thoughts on Barbacoas and
the Impontance of Food and Tribute Storage in Late
Mississippian Times. South Caroling Antiguities 23:
19-29.

Karl, T. R., L. K. Metcalf, M. L. Nicodemus, and R. G.
Quayle

1983 Sratewide Average Climatic History, South
Carolina. National Climate Data Center Historical
Climatology Series 6—1. Asheville, North Carolina.

Kelly, P.

1988 The Architecture of the King Site. Unpublished
Master's thesis, Department of Anthropology, Uni-
versity of Georgia, Athens.

Kelly, A. R., and C. De Baillou

[960 Excavation of the Presumptive Site of Estatoe,

Southern Indian Studies 12:3-30.
Kelly, A R., and R. §. Neitze]

1959 Chauga Mound and Village (38CQC1) and Oth-
er Sttes in the Hartwell Basin. Manuscript on file at
the Interagency Archaeological Services Division,
National Park Service, Atlanta, Georma.

1961  The Chauga Site in Oconee County, South Car-
alina. Labaratory of Archaeology Series No. 3. Uni-
versity of Georgia. Athens.

Kowalewski, 5. A., and J. W. Hatch

1991 The Sixteenth-Century Expansion of Settle-
ment in the Upper Oconge Watershed, Georgia.
Southeastern Archaeology 10:1-17.

Kranberg, ™., and J. C. Purvis

1959 Climate of the States— South Caralina. Weath-
er Bureau Climatograph of the United States No.
60-38. U.S. Department of Commerce, Washing-
tan, D.C.



Anderson et al.]

Lamb, H. H.

1984 Climate and Histary in Northern Europe and
Elsewhere. [n Climatic Changes on a Yearly to Afil-
lennial Basis: Geological, Historical, and fnsiru-
mental Records, edited by N, A. Mormer and W.
Karlen, pp. 225-240. D. Reidel Publishing, Dor-
drecht, The Netherlands.

Larsen, C. 5., M. I. Schoeninger, N. |. van der Merwe,
K. M. Moore, and J. A, Lee-Thorp

1992 Carbon and Nitrogen Stable [sotape Signatures
of Human Dhetary Change in the Georgia Bight.
American Journal of Physical Anthropology 89:197-
214,

Larson, D. OQ., and J. Michaelson

1990 Impacts of Climatic Vadability and Popula-
tion Growth on Virgin Branch Anasazi Cultural De-
velapments. American Antiguity 55:227-249,

Larson, L. H., Ir.

1971  Settlernent Distribution during the Mississippi
Period. Southeastern Archacological Conjerence
Rulletin 13:19-15.

1972  Functional Cansiderations of Warfare in the
Southeast During the Mississippian Period. Amer-
tean Antiguity 37:383-392.

Le Roy Ladurie, E.

1971 Times of Feast, Times of Famine: A History of

Climate Since the Year 1900, Doubleday, New Yark.
Lyon, E.

1984 Santa Elena: A Brief History of the Colony,
I1566-1587. South Carolina Institute of Archae-
ology and Anthropology, Research Manuseript Se-
ries No. 193, University of South Carelina, Colum-

[JEN
MacKay, A.
1981 Climate and Popular Unrest in Late Medjeval

Castile. In Climate and History: Studies in Past Cli-

mates and Thelr Impact on Man, edited by T. M.

L. Wigley, M. I. Ingram, and G. Farmer, pp. 356—

376. Cambridge University Press, Cambridge.
McGhee, R.

1981 Archaeological Evidence for Climatic Change
During the Last 5000 Years. In Climate and History:
Studies in Past Climates and their Impact on Man,
edited by T. M. L. Wigley, M. [. Ingram, and G.
Farmer, pp. 162-179. Cambridge University Press,
Cambridge.

Minc, L. D., and K. P. Smith

1985 The Spirit of Survival: Cultural Responses to
Resource Variability in North Alaska. In Bad Year
Econamics: Cultural Responses to Risk and Uncer-
tainty, edited by P. Halstead and J. O'Shea, pp. §—
39. Cambridge University Press, Cambridge.

Moaore, C. B.

1898 Certain Aboriginal Mounds of the Savannah
River. Journal of the Academy of Natural Sciences
of Philadelphia 2(2)(2nd series): 162-172.

Murphy, C., and C. M. Hudson

1968 (n the Problem of Intensive Agriculture in the
Aborigingl Southeastern United States. Working Pa-
pers vol. 2, no. 1, pp. 24-34. University of Georgia,
Department of Sociology and Anthropology, Ath-
ens.

Orang, M.
1966 Surplus. Human Organization 25:24-32.

FOOD RESERVES OF MISSISSIPPIAN SOCIETIES

285

{¥Shea, I.

1981 Caping With Scarcity: Exchange and Social
Storage. British Archaeological Reports [nternation-
af Series 96:167-183.

1989 The Role of Wild Resources in Small Scale
Agricultural Systerns: Tales from the Lakes and
Plains. In Bad Year Economics: Cultural Responses
to Risk and Uncertaingy, edited by P. Halstead and
J. O'Shea, pp. 57-67. Cambridge University Press,
Cambndge.

Parcy, M. L.

1981 Climatic Change and the Agricultural Frontier:
A Research Strategy. [n Climate and History: Stud-
tes in Past Climates and their Impact on Man, edited
by T. M. L. Wigley, M. I. Ingram, and G. Farmer,
pp. 319-336. Cambridge University Press, Cam-
bridge.

Pearson, G. W.

1986 Precise Calendrical Dating of Known Growth-
Period Samples using a “Curve Fitting™ Technique.
Radiocarbon 28:292-299,

Polhemus, R. B.

1987 The Togqua Site: A Late Mississippian Dallas
Phase Town. Publications in Anthropology 44. Ten-
nessee Valley Authority, Knoxville.

Post, I. D.

1980 The Impact of Climate on Political, Social, and
Econamic Change: A Comment. Journal of Eco-
nomic Histary 10:719-723,

Quinn, D. B. (editor)

1979 The Extension of Settlement in Florida, Vir-
ginia, and the Spanish Southwest. New Amercan
World: A Documentary History of North America
to 1612, val. 5. Arno Press, Wew York

Rudolph, J. L., and D. J. Hally

1985 Archaealogical Investigation of the Beaverdam
Creek Site (9EBSS), Elbert County, Georgia. Russell
Papers, Interagency Archeological Services Divi-
sion, Natonal Park Service. Atlanta, Georgia.

Sahlins, M. D.

1958 Sacial Stratification in Polynesia. University

of Washington Press, Seattle.
Schroedl, G. F., and B. Riggs

1989 Cherokee Lower Town Archaeclogy at the
Chattooga Site (380c| 8). Paper presented at the 46th
Annual Southeastern Archaeological Conference,
Tampa, Flonda.

Smith, B. D.

1978 Vanation in Mississippian Seitlement Pat-
terns, In Mississippian Settlement Patterns, edited
by B. D. Smith, pp. 479-503. Academic Press, New
Yark.

Smith, M. T., I. M. Williams, C. B. DePratter, M. Wil-
liams, and M. Harmon

1988 Archaeological Investigations at Tomassee
{180c186), A Lower Cherokee Town. South Caro-
lina Institute of Archaealogy and Anthropology, Re-
search Manuscript Series No. 206, University of
South Carolina, Columbia.

South, 8. A.

1980  The Discovery af Santa Elena. South Carolina
Institute of Archaeology and Anthrapology, Re-
search Manuscript Series No. 150. University of
South Carolina, Columbia.



286 AMERICAN ANTIQUITY

Stahle, D. W, and M. K. Cleaveland

1992 Reconstruction and Analysisof Spring Rainfall
Over the Southeastern U5, for the Past 1000 Years.
Bulletin of the American Meteorological Society 73:
1947-1961.

1994 Tree-Ring Reconstructed Rainfall over the
Southeastern U.S.A. Dunng the Medieval Warm
Period and Litte Ice Age. Climatic Change 26:19%9~
212,

Stahle, D. W., M. K. Cleaveland, and [. G. Hehr
1985a A 450-year Drought Reconstruction for Ar-
kansas, United States. Mature 316:530-532.

]988 Werth Carolina Climate Changes Reconstruct-
ed from Tree Rings: 372to 1985, Science 240:1517-
1520.

Stahle, D. W_, E. R. Cook, and J. W. C. White

1985b Tree-Ring Dating of Bald Cypress and the
Potential for Millennia-Long Chronologies in the
Southeast. American Antiguity 50:796-802.

Stahle, D. W., J. G. Hehr, G. G. Hawks, Jr., M. K.
Cleaveland, and J. R. Baldwin

1985c  Tree-Ring Chronologies for the Southcentral
United States. Tree Ring Laboratory and Office of
the State Climatologist, Department of Geography.
University of Arkansas, Fayetteville.

Siahle, D. W., M. K. Cleaveland, and R. 8. Cerveny

[891 Tree-ring Reconstructed Sunshine Duration
aver Central USA. [nternational Journal of Cli-
marology 11:285-295.

Steponaitis, Vincas P.

[978 Location Theory and Complex Chiefdoms: A
Mississippian Example. In Mississippian Settlement
Patrerns, edited by B. D. Smith, pp. 417453, Ac-
ademic Press, Mew York.

1991 Contrasting Patterns of Mississippian Devel-
opment, In Chiefdams: Power, Ecanomy, and Ide-
ology, edited by T. K. Earle, pp. 193-218. Cam-
bridge University Press, Cambridge.

Stockton, C. W., W. R. Boggess, and D. M. Meko

1985 Climate and Tree Rings. [n Paleaclimate Anal-
ysis and Madeling, edited by A. D. Hecht, pp. 71-
148. John Willey and Sons, New York.

Stokes, M. A, and T. L. Smiley

1968  An fntroduction to Tree-Ring Daring. Univer-

sity of Chicaga Press, Chicago.
Stuiver, M., and B. Becker

1986 High-precision Decadal Calibration of the Ra-
diocarbon Time Scale, 19350-2500 B.C. Radiocar-
hon 28:863-901.

Swanton, J. R.

1946 Indians of the Southeastern United States. Bu-
reau of American Ethrology Bulletin 137:1-943.
Washington, D.C.

Thomas, C.

1894  Report af the Mound Explorations of the Bu-
reau af Ethnology. Bureau of Amencan Ethnology,
Annual Report 12, Washington, D.C.

Tippitt, V. A., and W. H. Marquardt

1984  Archaeological Investigations ar Gregg Shoals,
a Deeply Stratified Site on the Savannah River. Rus-
sell Papers, Interagency Archeological Services Di-
vision, National Park Service. Atlanta, Georgia.

Van West, C. R.
1990 Modeling Prehistoric Climartic Variabifity and

[Val. 60, No. 2, 1995

Agriculiural Production in Southwestern Colorado:
A GIS Approach. Ph.D. dissertation, Department of
Anthropology, Washington State University., Uni-
versity Microfilms, Ann Arbor.

Varner, I. G., and . J. Varner

1951 The Florida af the Inca by Garcilaso de la Vega.
University of Texas Press, Austin.

Waddell, E.

1980 Indiansof the South Caroling Lowcountry 1 562
I751. Reprint Company, Spartanburg, South Car-
olina.

Ward, T.

1965 Correlation of Mississippian Soil Types.
Southeastern Archaeological Conference Bufletin 3:
4248,

Wanng, A. 1., Ir.

1968 The Indian King's Tomb. In The Waring Pa-
pers. The Collected Papers of Antonio J. Waring, Jr.,
edited by S. Williams, pp. 209-2135. Papers of the
Peabody Museum of Amencan Archaeclogy and
Ethnology, na. 8. Harvard University, Cambridge,
Massachusetis.

Welch, P. D.

1961 Moaundville's Economy. The University of Al-

abama Press, Tusecaloosa.
Wigley, T. M. L.

1985 Impact of Extreme Events. Nature 316:106-
107,

Wigley, T. M. L., M. I. Ingram, and G. Farmer (editors)

1981 Climate and History: Studies in Past Climates
and Their Impact on Man. Cambridge University
Press, Cambiridge.

Willey, G. R.

1937 Naotes an Central Georgia Dendrochronology.

Tree-Ring Bulletin 4(2):6-8.
Williams, J. M., and G. Shapiro

987 The Changing Contexts of Oconee Valley Po-
litical Power. Paper presented at the 44th Annual
Scoutheastern Archaeclogical Conference, Charles-
ton, South Carolina.

Williams, W., and C. Branch
[978 The Tugalo Site, 95t1. Early Georgia 6:32-37.
Wolfman, D.

1984 Geomagnetic Dating Methods in Archaeology.
In Advances in Archaeological Method and Theory
Val. 7, edited by M. B. Schiffer, pp. 363458, Ac-
ademic Press, New York,

Wood, W. D., D. T. Elliott, T. . Rudolph, and D. B.
Blanton

1986 Archaeclogical Data Recovery in the Richard
B Rusself Mulftiple Resource Areg. The Anderson
and Elhert County Groups: 38A4n8, 384An29
384n126, 9EbI7, 9ENIY and 9Eh2]. Russell Pa-
pers, Interagency Archeological Services Division,
National Park Service. Atlanta, Georgia.

Wright, H. T.

1984 Prestate Political Formations. In On the Evo-
lion af Complex Societies Essays in Honor of Har-
ry Holfer 1982, edited by T. K. Earle, pp. 43-77.
Undena Publications, Malibu, California.

Recetved February 25, 1992, accepted Decermnber 25, 1994



