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CAHOKIA’S BOOM AND BUST
IN THE CONTEXT OF CLIMATE CHANGE

Larry V. Benson, Timothy R. Pauketat, and Edward R. Cook

During the early Mississippian Lohmann phase (A.D. 1050-1100), the American Bottom experienced a political and eco-
nomic transformation. This transformation included the abrupt planned construction of central Cahokia, a large-scale influx
of people to “downtown Cahokia,” the abandonment of pre-Mississippian village settlements, the reorganization of farm-
ing in the Mississippi River floodplain, and the founding of the Richland farming complex in the Illinois uplands. New tree-
ring-based records of climate change indicate that this rapid development occurred during one of the wettest 50-year periods
during the last millennium. During the next 150 years, a series of persistent droughts occurred in the Cahokian area which
may be related to the eventual abandonment of the American Bottom. By A.D. 1150, in the latter part of a severe 15-year
drought, the Richland farming complex was mostly abandoned, eliminating an integral part of Cahokia’s agricultural base.
At about the same time, a 20,000-log palisade was erected around Monks Mound and the Grand Plaza, indicating increased
social unrest. During this time, people began exiting Cahokia and, by the end of the Stirling phase (A.D. 1200), Cahokia’s
population had decreased by about 50 percent and by A.D. 1350, Cahokia and much of the central Mississippi valley had
been abandoned.

Durante la fase temprana del Lohmann Mississippico (A.D. 1050-1100), el American Bottom se transformd politica y econdmi-
camente. Esta transformacion incluyd la rdpida planeacion de la construccion de Cahokia, una llegada masiva de gente al su
centro, el abandono de los asentamientos de villas pre-Mississippicas, la reorganizacion de la agricultura en las partes bajas
del rio Mississippi y la fundacion del complejo agricola Richland en la tierras altas de Illinois. Nuevos registros de cambio
climdtico, basados en anillos de drboles, indican que este rdpido desarrollo ocurrié durante uno de los mds hiimedos perio-
dos de 50 afios del ultimo milenio. Durante los 150 afios siguientes, una serie de sequias persistentes ocurrieron en el drea de
Cahokia, lo que debe relacionarse con el abandono del American Bottom. Para 1150 A.D., en la iltima parte de una severa
sequia de 15 afios, el complejo agricola Richland fue casi abandonado, eliminando una parte integral de la base agricola de
Cahokia. Casi al mismo tiempo, una palizada de 20,000 estacas fue levantada alrededor de Monks Mound y la Grand Plaza,
indicando el incremento de conflictos sociales. Durante este tiempo, la gente empezé a salir de Cahokia y, para fines de la
Jase Stirling (1200 A.D.), la poblacion de Cahokia habia decrecido cerca del 50 por ciento; para 1350 A.D., Cahokia y gran
parte del valle central del Mississippi habian sido abandonados.

ecent studies have indicated a renewed

interest in the possible influence of climate

change on precolumbian cultures (e.g.,
Anderson et al. 2007; Benson, Petersen, and Stein
2007; Benson, Berry, Jolie, Spangler, Stahle, and
Hattori 2007; Cook et al. 2007; Drysdale et al.
2006; Gill 2000; Hodell et al. 1995; Jones et al.
1999; Kennett and Kennett 2006; Stahle et al.
2000). Benson, Berry, Jolie, Spangler, Stahle, and
Hattori (2007) have suggested that mid-twelfth-

and late-thirteenth-century decadal-scale droughts
may have impacted Native Americans across much
of the contiguous United States. If true, this might
not only help explain the historical trajectories of
the ancestral Pueblo in the Four Corners area of the
western United States, but it might also elucidate
the factors underlying the rise and fall of the
Cahokians in what is now west-central [llinois.

In a recent paper, Benson, Petersen, and Stein
(2007) compared precolumbian Southwestern
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demographic change with tree-ring-based drought
histories for the Four Corners region, reinforcing
the conjectures of Judge (1989) and Douglass
(1929) that the middle-twelfth- and late-thirteenth-
century droughts led to ancient migrations. In this
paper, we focus on the relationship of the cultural-
demographic oscillation of the ancient Cahokia
region to new tree-ring-based records of climate
change. In the following, we first review the cul-
tural processes that attended the rise and fall of
Cahokia. We then illustrate and discuss tree-ring-
based records of climate change for the region sur-
rounding Cahokia. Last, we compare those records
of climate change with the cultural history of
Cahokia, demonstrating that Cahokia’s “boom”
phase occurred during one of the wettest 50-year
periods in the past millennium and that its “bust”
phase occurred during a series of intense and per-
sistent droughts.

Cahokian Expansion and
Agricultural Reorganization

After the mid-eleventh century, Cahokia was the
centerpiece of a large central political-
administrative complex that also included the pre-
sent sites of St. Louis (Mound City) and East St.
Louis (Figure 1, see also Pauketat 2004). This entire
complex now seems the product of a political and
economic expansion that occurred immediately
prior to and in the decades following A.D. 1050
(Table 1). This development saw the abrupt planned
construction of central Cahokia centered on a sin-
gle massive 6.5 m-high platform (the core of Monks
Mound) and the Grand Plaza (Dalan et al. 2003).
At the same time, the region saw a large-scale influx
of people to “downtown Cahokia,” the concomi-
tant abandonment of pre-Mississippian village set-
tlements in the Mississippi River floodplain, the
simultaneous dissolution of pre-Mississippian
courtyards at Cahokia, and the founding of the
Richland farming complex in the Illinois uplands
(Alt 2002; Emerson 1997a, 1997b; Lopinot et al.
1998; Pauketat 1994, 1997, 1998a, 2000, 2003;
Pauketat and Lopinot 1997). We also suspect that
an agricultural reorganization accompanied this
societal transformation, an argument that rests par-
tially on regional population size and disposition.

Although there are several population estimates
for Cahokia and its immediate environs, two efforts
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have made use of the most recent data on building
density at or around Cahokia. On the one hand, Mil-
ner (1986, 1998) estimated the Mississippian-
period population of a 129 square km portion of
the rural American Bottom and also for Cahokia
proper. On the other hand, Pauketat and Lopinot
(1997) calculated Cahokia’s pre-Mississippian and
Mississippian-period population using structure
density/phase data from analyzed excavation tracts
(15A and ICT-II).

With regard to Milner’s rural estimate, the num-
bers and floor areas of residential structures at 15
sites indicate that the highest rural population den-
sity dated to the Stirling phase (Milner 1986). His
later calculations of Cahokia’s population were
based on average structure densities from several
excavated tracts at the site, some of which had yet
to be analyzed. Assuming that each building stood
only five to ten years and was occupied by four to
five people, his estimates “in the low thousands”
reveal a Lohmann phase population peak (Milner
1998:122-124).

By comparison, Pauketat and Lopinot’s (1997)
estimate, which applies only to a 1.8 km? high-
density occupation area of Cahokia, shows that the
site’s population increased from 1,400-2,800 peo-
ple during the 50-year Edelhardt phase to
10,200-15,300 people during the subsequent 50-
year Lohmann phase. After the Stirling phase, den-
sities declined.! Later, Pauketat (2003:47) also
estimated the population of the outlying Richland
rural farming district, covering about 300 square
km, based on numbers of sites and excavated build-
ings per phase. The results of this effort indicate
isolated peak populations for that locality of
between 3,000 and 7,400 people during the late
Lohmann and early Stirling phases. Both estimates
show that the region’s peak population falls within
the Lohmann and Stirling phases. Moreover, from
either point of view, the lower population estimates
for Cahokia may be seen as “consistent with the
numbers of people who could have been supported
in this floodplain setting with the primitive tech-
nology of that time” (Milner 1998:123). Cahokia,
after all, is situated in the middle of the widest part
of the American Bottom’s broad expanses of rela-
tively high well-drained land suitable for growing
crops, a locality also rich with resources derived
from permanent swamps and lakes (Milner and
Oliver 1999). Fish, which were readily available in
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Figure 1. Major settlements in the greater Cahokia area at about A.D 1100. After Figure 6.4 in Pauketat (2007).

backwater and creek locations within the Ameri-
can Bottom, were a critical component of the
Cahokian diet (Cross 1987; L. S. Kelly 1997). The
American Bottom surface-water systems were also
home to abundant waterfowl (Kelly and Cross
1984).

And yet, as Milner (1998) and others have
argued, despite the resource richness of the Amer-
ican Bottom, precolumbian subsistence productiv-
ity might have been an issue of great concern to
Cahokians and rural Mississippian farmers. In most

other regions of eastern North America, the risks
of Mississippian-style agricultural production were
high (see Scarry 1993a, 1993b). The potential
impacts of crop failure on local economies and
political organizations were great (Anderson et al.
1995; Stahle and Cleaveland 1994). Once intensi-
fied after A.D. 800, a whole new suite of maize-
related agricultural and technological exigencies
likely made themselves apparent (Maher 1989;
Johannessen 1984; Riley et al. 1994; Rindos and
Johannessen 1991).
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Table 1. Archaeological Chronology and Inferred Organizational Attributes for the
Later Pre-Columbian American Bottom Region.

Period Phase* Years A.D. Regional-Organizational Attributes**
Terminal Late Woodland
Loyd 900-950 low regional population density, Cahokia is probably an ordinary village
Merrell 950-1000 low regional population density, Cahokia village is first among equals, now includes
uncertain number of immigrants modest regional population density, immigration
continues, Cahokia assumes town-sized proportions but retains pre-Mississippian
courtyard
Edelhardt 1000-1050 organization
Mississippian
Lohmann 1050-1100 highest regional population density, large-scale influx of immigrants, reconstruction
of Cahokia according to new city plan, abandonment of pre-Mississippian settlement
organization
Stirling 1100-1200 sustained to slightly lower population density, homogenization of material culture,
elaboration of ritual-administrative complex
Moorehead 1200-1275 reduced population density, political-economic contraction or reorganization,

palisade wall construction

Sand Prairie 1275-1350

low regional population density, culmination of regional emigration, abandonment

*following Fortier et al. 2006

**gee Alt 2002; Emerson 1997a; Holley 2006; J.E. Kelly 1990; Milner 1986; Pauketat 1998a, 2003, 2004, 2005

Certainly, the higher population estimates for the
American Bottom region, above, would have
accentuated such subsistence productivity issues.
Even in recent times in the American Bottom,
Euroamerican farmers who began their careers
farming during the 1920s and 1930s, interviewed
by Chmurny in 1967, were of the uniform opinion
that “scarcely a year passed in the Bottom without
the occurrence of some weather phenomena, usu-
ally unwelcome” (1973:243). Those who survived
over the long run were those that “divided their
risks,” often “at the expense of increased ineffi-
ciency and lessened gains,” by planting a diversity
of crops in both ”well-drained and poorly-drained”
soils (Chmurny 1973:247-248). Projecting simi-
lar strategies and conditions into the past, Milner
concluded that, for ancient farmers, the “overall pic-
ture could have been nothing other than gloomy
during much of the Mississippian period, despite
the richness of the valley. The inhabitants of the
American Bottom were perched on the cusp
between success and failure, and a series of bad
years would have been disastrous for them”
(1998:78).

Prior to A.D. 1050, such subsistence production
concerns might have been less problematic for
indigenous farmers. At that time, most analysts
would agree, the political and community order in

the American Bottom had not transcended the con-
straints of isolated Mississippi River floodplain
localities (cf. J.E. Kelly 1990; Milner 1998; Pauke-
tat 2004). Isolated single-home farmsteads were
few and far between and villages or hamlets occu-
pied high floodplain ridges and the bluff edge of
the American Bottom (e.g., Emerson and Jackson
1984; J. E. Kelly 1990; Pauketat et al. 1998).
Houses in these settlements, small semisubter-
ranean pole-and-thatch huts with floors half-a-
meter or more below ground level, were often
arranged around courtyards, each centered on a
modest central marker post. The pre-Lohmann
phase rural settlements in the American Bottom
reveal little-to-no internal status differentiation,
political specialization, communal activities, or
ranking (see Holley 2006; J. E. Kelly 1990; Pauke-
tat 1994).

It was not until the Lohmann phase that
regional-organizational shifts can be inferred from
settlement, monument-construction, and refuse-
deposition data that probably correlate with the
appearance of a centrally managed agricultural
system. In the American Bottom floodplain
proper, the Mississippian transition correlates with
abandonment of some if not many pre-
Mississippian villages and their replacement by
small farmsteads and large towns (Emerson
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1997a, 1997b; Mehrer 1995; Milner et al. 1984).
All evidence to date suggests that, whether a large
town or small farmstead, the once-common pre-
Mississippian courtyard group—single-post
houses set around an open space with a central
marker post—disappeared rather quickly (Pauke-
tat 1994:131-133; see also Emerson 1997a;
Mehrer 1995; Mehrer and Collins 1995; Milner
et al. 1984).

Emerson (1997a, 1997b) has argued that the
subsequent rural “dispersed communities” in the
floodplain were articulated to larger towns and,
ultimately, to Cahokia via special “nodal” farm-
steads. At these sites, there are new forms of ritual
or special-purpose architecture and the residues of
various ceremonial practices most like those known
from Cahokia itself. Thus, Emerson has further
argued, based on their unprecedented appearance
during the Lohmann phase and because of their spe-
cial architecture and artifacts, such nodal farm-
steads were the “direct product of Cahokian elite
intervention” (1997a:250). Some time nearing the
mid-eleventh century, the floodplain

countryside about the great mound center of
Cahokia was emptied of its rural populations,
presumably because these people moved to
larger nucleated centers. With the onset of the
Lohmann phase, a new system of dispersed
farmsteads and controlling nodal centers was
superimposed across this depopulated land-
scape.... I have argued, given the large
Lohmann and Stirling phase populations at
Cahokia, that this rural organization was
designed to intensify the production and mobi-
lization of staples to support the centers [Emer-
son 1997a:250].

With additional survey and excavations since the
1990s, we know also know that, as part of this
region-wide reorganization, an extensive upland
agricultural landscape (the Richland farming com-
plex) was established in the loess-covered hills east
of Cahokia proper (Alt 2001, 2002; Pauketat 2003)
(Figure 1).

Prior to the Lohmann phase, there were no set-
tlements of any kind across large areas of these
uplands. Afterward, however, a series of towns, vil-
lages, hamlets, farmsteads, and other special sites
appeared where none had been previously, espe-
cially in the Richland and Silver Creek drainages
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(Alt 2001, 2002; Koldehoff 1989; Pauketat 2003).

Richland and other upland farmers may have
been derived from pre-Mississippian settlements on
the Mississippi floodplain or from sites in the inte-
riors of Illinois, Missouri, or Indiana (Alt 2002).
Radiocarbon dates together with ceramic and lithic
markers indicate that the upland complex dates pri-
marily from A.D. 1050 to 1150 with only a few
buildings dating to the latter years of the Edelhardt
phase (Pauketat 2003). By about A.D. 1100, each
of the eight largest settlements in the Richland
farming complex was occupied, suggesting that the
regional population at the time was considerably
larger than some earlier estimates that considered
only the flood plain itself (e.g., Milner 1998:120,
124-125; see also Schroeder 2004).

Judging from archaeobotanical remains and
lithic-tool debris these were, first and foremost,
agricultural villages. At these sites, as at other loca-
tions in the central Mississippi valley, Mill Creek
chert hoe blades and the debitage from the resharp-
ening of the same are common indicators of agri-
cultural activity (Cobb 2000; Sussenbach 1993).
They are certainly prevalent at most late pre-
Mississippian and Mississippian sites in the Amer-
ican Bottom region.

Mill Creek hoe blades may have been a tool
especially necessary for the initial working of the
heavily rooted soils of the upland prairie or prairie-
forest ecotone, located near most of the Richland
complex sites (Pauketat 2003). In fact, around
Cahokia during the Lohmann phase, the density of
hoe-blade resharpening flakes in excavated domes-
tic refuse indicates that the rate at which the tools
were used and resharpened increased with distance
from Cahokia at the same time that other item den-
sities decreased. That is, the

distribution of craft products and the avail-
ability of Cahokian subsidies or the exotic raw
material ... consistently falls off in the sur-
rounding northern floodplain, decreasing fur-
ther still as one moves out in the Richland
Complex.... Conversely, the density
[grams/cubic meter of domestic refuse] of Mill
Creek chert hoe-blade fragments and resharp-
ening flakes increases with distance from
Cahokia to a Richland Complex peak. In other
words, all other things being equal, access to
Cahokian valuables and craft objects seems to
have been inversely related to the intensity of
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agricultural production using hoe blades
[Pauketat 1998a:68—69, emphasis added].

Other upland areas in Illinois and Missouri,
within a 50 km radius of Cahokia, may have been
intensively farmed as well after A.D. 1050; sys-
tematic archaeological surveys of this region have
not been sufficiently extensive to identify the full
range of Lohmann and Stirling phase sites either
along the Kaskaskia River to the east or the lower
Missouri River to the west (Blake 1955; Hargrave
etal. 1983; Harl 1991; Hunt 1974; Kuttruff 1972).
In any event, the unprecedented Richland complex
occupation of the uplands—thousands of possible
immigrants and other resettled farmers—may be
related to their proximity to highly productive
prairie and prairie-edge soils at the headwaters and
interfluves of Richland and Silver Creeks. The tall-
grass prairie was so nitrogen rich that fertilizers
were not needed to sustain a luxuriant crop for
some time; sometime prior to A.D. 1860, a traveler
noted that “I saw fields of maize that have been
grown for 30 years and that, too, without any fer-
tilizer” (Sutton 1976: 202). These soils contained
so much nitrogen that early Illinois farmers found
prairie soil too rich to grow wheat (Welch 1979:10),
and in later times, nitrate poisoning of livestock was
awidespread problem (Davidson et al. 1941). Dur-
ing the 1800s a drought that killed corn in mid-
season allowed the plant stalks to accumulate
nitrogen to the point that they “burned rapidly like
the fuse of a fire cracker” (Mayo 1895:5). Indeed,
such soils are closer here to Cahokia than anywhere
else in the region. Such proximity may not have
been lost on Cahokians, as Alt (2006) has recently
noted by her identification of a “nodal village” or
“ritual outpost” of Cahokia in the form of the oddly
compact multi-building hilltop site of Grossmann.
When excavated in its entirety, this site, located 16
km east of Cahokia in the midst of the Richland
complex, produced evidence of atypical ritual
events and Cahokia-style architecture and artifacts
(Alt 2002, 2006). Based on such findings, along
with the artifact-density patterns noted above, it
seems plausible that the Richland complex may
well have been an organized farming district, min-
istered to or administered by Cahokians.

One might even suspect that a populous Rich-
land farming complex may have been an integral
aspect of the early Mississippian reorganization of
agricultural production in the region. The role of
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the Richland farmers in such a Cahokia-centered
process could have been to increase the productive
output of the region through regional extensifica-
tion. Such extensification might have been neces-
sary, the productive potential of floodplain in the
immediate vicinity of Cahokia possibly not being
sufficient to provide food for a Lohmann-phase
population of more than “a few thousand inhabi-
tants.” Schroeder’s (1999) revised productivity esti-
mates for precolumbian North American maize
production also supports an argument, still tenta-
tive, that a Cahokian population of 10,000 or more
people during the Lohmann phase might have had
difficulty feeding themselves, particularly in bad
years, without the Richland complex producers
(see also Pauketat 2003:48).

Depopulation of the American Bottom and
Abandonment of the Richland Farming
Complex

After the Lohmann phase, the population of the
Cahokiaregion decreased as some residents appear
to have relocated elsewhere. Between 5,200 and
7,200 people are estimated to have occupied
Cahokia during the twelfth-century Stirling phase,
dropping to between 3,000 and 4,500 people dur-
ing the thirteenth-century Moorehead phase
(Pauketat and Lopinot 1997). Settlement patterns
also changed, with late Stirling- and Moorehead-
phase houses becoming increasingly clustered into
house lots (Collins 1997; Mehrer and Collins 1995;
Pauketat 1998b).

Whereas the rural population on the Missis-
sippi River floodplain proper appears to have
increased slightly during the twelfth century (Mil-
ner 1998), by the late Stirling phase (A.D.
1150-1200) almost all Mississippian sites in the
Richland farming complex were abandoned
(Pauketat 2003). In addition, Stirling-phase sites
in the American Bottom were located at lower ele-
vations than earlier Lohmann and later Moorehead
sites (Emerson 1992). This might suggest that a
relative drop in the water table accompanied the
cultural changes of the times, a concept supported
by zooarchaeological data that indicate fewer fish
remains associated with Stirling-phase sites (L.S.
Kelly 1997). Possibly some or most of the Amer-
ican Bottom’s lakes and sloughs desiccated dur-
ing the twelfth century. By the Moorehead phase,
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the rural population density, in the flood plain,
dropped sharply (Milner 1986).

It seems that, during the twelfth century, the
“increasingly top-heavy economy and the
monument-laden spaces of Cahokia grew out of
proportion to the shrinking farming population”
(Pauketat 2004:152). There are signs of alterations
in the central appropriation of labor, if not also indi-
cations of social unrest. For instance, the con-
struction of Monks Mound seems to have ceased
by the end of the early Stirling phase (about A.D.
1150) and most other mounds with known con-
struction dates have only Stirling- and not
Moorehead-phase construction fills (Pauketat
2004; Reed et al. 1968). Even more important, at
about A.D. 1150, the first of several 3-km-long 20
ft-high palisade walls was constructed around
Monks Mound and the Grand Plaza (Iseminger et
al. 1990). Similar walls probably went up else-
where in the region, with the East St. Louis site
being the best documented instance (Pauketat
2005).

In any event, the remaining Mississippians
appear to have left the Cahokia area during the late
thirteenth and early- fourteenth centuries; no Mis-
sissippian cemetery is known to post-date A.D.
1300 (Emerson and Hargrave 2000; Emerson et al.
2003). Moreover, the abandonment of Cahokia was
not an isolated phenomena. By the end of the four-
teenth century, the fortified centers and their sup-
port settlements around the Ohio-Mississippi river
confluence were also abandoned (Cobb and But-
ler 2002; Williams 1990).

Climate Change and its Impact on the
Cahokian Polity

Recently, Cook et al. (2004) published summer
(June-July-August) Palmer Drought Severity Index
(PDSI) values for gridded locations across much
of North America. The PDSI value is a measure of
available soil moisture calculated from monthly
temperature and precipitation. Negative PDSI val-
ues indicate dry conditions, whereas positive val-
ues indicate wet conditions. This index was
specifically designed to evaluate drought impacts
on agriculture (Palmer 1965); PDSI values range
from -6 (extreme drought) to +6 (extreme wet).
The drought reconstructions are based on a 286-
point grid of instrumental PDSIs. The tree-ring net-
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work used for PDSI reconstruction over North
America originally was initially composed of 835
annually resolved records. A revised network con-
taining 1,825 records is now available and has been
used in this paper. The PDSI data used in this paper
were calibrated using a point-by-point regression
of prewhitened instrumental PDSI data against tree-
ring records for the period 1928-1978 (Cook et al.
2007).

In a nested reconstruction procedure, the PDSI
reconstructions are progressively pushed back in
time by dropping out shorter series. This method
of extending the reconstructions back in time was
evaluated in detail by Cook et al. (2004) in their
“Supporting Online Material” and was found to
work well over the full 286-point grid. The Table
2 results for grid points 209 and, especially, 210
strongly support the validity of the nested recon-
struction procedure described in the SOM. In Table
2, the relevant models for grid points 209 and 210
for the Lohmann and Stirling phases (A.D.
1050-1200) are indicated. IFYR is the first year of
each model and NTR is the number of tree-ring
chronologies available for that model. RSQ is the
calibrated variance (1928-1978 calibration period)
and CVRE is the cross-validation (leave one out)
reduction of error in the calibration period. Both
parameters decrease as the number of chronologies
decrease; however, all are significant atp <.01. For
the 1900-1927 verification test period (data with-
held from the calibration exercise), R? (square of
the Pearson correlation), RE (reduction of error),
and CE (coefficient of efficiency) are used. All are
positive and highly significant (p <.01). These ver-
ification tests are highly rigorous measures of
reconstruction “accuracy” and as such indicate that
the reconstructions are likely to have significant
“hindcast” skill in the pre-1200 period. The strength
of this skill is of course not perfect, but its level is
comparable to other high-quality drought and
streamflow reconstructions developed from tree
rings for this region (e.g., Blasing and Duvick 1984;
Stahle and Cleaveland 1992, 1994). The compara-
bility of RE and CE with RSQ for grid point 210
also indicates that the reconstruction is excellent in
quality and nearly equal in strength over time. Grid
point 209 is less so, but still significant (see Cook
et al. [2004, 2007] for details of the PDSI recon-
structions).

Two PDSI records, one at 90°W 37.5°N (site
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Table 2. Calibration and Verification Statistics for Tree-Ring-Based PDSI Reconstructions

FYR NTR RSQ CVRE R? RE CE
GRID POINT 209 1190 3 450 415 406 199 .198
1140 2 342 .280 333 .164 164
920 1 .299 237 275 174 173
GRID POINT 210 1190 7 524 485 .614 542 542
1150 6 492 450 .637 .593 .593
1140 6 492 450 .637 .593 .593
1020 3 385 .340 .669 .637 637
1000 2 297 .246 524 441 441
920 1 .240 178 .264 .170 .170

FYR = first year of each model; NTR = number of tree-ring chronologies; RSQ = calibrated variance of the 1928-1978 cal-
ibration period; CVRE = cross-validation reduction of error; RZ = square of the Pearson correlation; RE = reduction error;

CE = coefficient of efficiency.

209) and the other at 90°W 40.0°N (site 210)
(NOAA 2007) bracket Cahokia (Figure 2). The
mean PDSI data for the two grid points are shown
in Figure 3. Trees used in the PDSI constructions
for sites 209 and 210 include Bald cypress (Tax-
odium distichum) and red cedar (Juniperus vir-
giniana), whose growth are highly correlated with
spring rainfall (see, e.g., Stahle and Cleaveland
1992).

The stacked (mean of the two data series) PDSI
record indicates that the Lohmann phase was rela-
tively wet, comparable to the wettest periods occur-
ring during the past 1,000 years (Figure 3a).2 On
the other hand, the Stirling phase and the first half
of the Moorehead phase were characterized by a
series of droughts that increased in intensity and per-
sistency during the subsequent 145 years (Figure
3b). Annual PDSI data indicate positive (wet) val-
ues for 28 out of 50 years during the Lohmann
phase, 18 out of 50 years for the early Stirling phase,
and only 11 out of 50 years for the late Stirling
phase (Figure 3c). These data indicate that drought
occurred frequently during the early Stirling phase
and that it dominated the late Stirling phase.

The areal extent of the two multi-decadal
droughts that followed the A.D. 1050-1100 wet
period are shown in Figure 4. The average PDSI
value for the past thousand years at grid points 209
and 210 (PDSI = -0.4) is used to form the bound-
ary between wet and dry regions. The droughts
recorded at grid points 209 and 210 were regional
in extent and impacted much of the Midwest as
well as major surface-water drainages that flow
into and along the American Bottom. It is evident
that west-central Illinois experienced severe
drought 140 out of 145 years following A.D. 1100

(Figures 3 and 4).

InFigure 5, the PDSI record for west-central Illi-
nois (Figure 5a) is compared with estimates of pop-
ulation change for downtown Cahokia and the
Richland farming complex (Figure 5c). Also shown
are approximate times of the initial construction and
reconstruction of the palisade wall that surrounded
Monks Mound and the Grand Plaza (Figure 5b).

According to current archaeological recon-
structions, a major political upheaval occurred at
Cahokia at the beginning of the Lohmann phase,
involving a rapid ascendancy of a new form of cen-
tralized authority and political community (Pauke-
tat 1997, 2004). During this “boom” period,
political consolidation was accompanied by the
immigration of several thousand individuals to
downtown Cahokia and the surrounding country-
side.

However, for Cahokia to grow, agricultural
intensification or extensification must have
occurred and, clearly, the environment, including
climate, established the limits of intensification.
Cahokians, or various affiliated farming popula-
tions, might have provided the impetus. In either
case, one could argue that, to a first approximation,
there were limits to the productive potential of the
floodplain around Cahokia, particularly with regard
to maize (see Milner 1998; Schroeder 1999). Given
Pauketat and Lopinot’s (1997) estimate that
Cahokia contained between 10,200 and 15,300
people during the Lohmann phase, some and prob-
ably much of Cahokia’s agricultural support might
have come from outside the American Bottom
(Pauketat 2004:106).

The Richland farming complex represents the
most likely engine that drove Cahokia’s agricultural
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Figure 2. Locations of PDSI sites 209 and 210 relative to Cahokia.

reorganization of its countryside, doubtless sup-
plemented by the produce of others districts within
the American Bottom and beyond. Perhaps the reor-
ganization of the American Bottom may also rep-
resent a response to wetter conditions that began
before the Lohmann phase; i.e., increased precip-
itation and flooding of the Mississippi River and
its side tributaries may have entailed a rise in the
elevation of the local groundwater table. Shallow
groundwater in the American Bottom will tend to
be anoxic, given the high concentration of organic
carbon in bottom sediments. Maize cannot survive
in such an environment because its roots need oxy-
gen. Thus, farmers may have moved to higher
ground in response to the loss of well-drained agri-
cultural bottomland.

Without the Richland complex, greater Cahokia

might have been unable to absorb its Lohmann
phase immigrant populations. Given above normal
rainfall, the upland farming sites were probably
able to provision Cahokia with a surplus of maize
and other crops to use for ceremonial feasts or to
fill central storehouses for later use (e.g., Pauketat
et al. 2002).

The freeze-free growing season is typically long
in what is now west-central Illinois (Joos 1960);
therefore, maize production is mostly dependent on
soil moisture during the growing season. In the Illi-
nois highlands, soil moisture represents a balance
between winter precipitation that encourages ger-
mination, summer precipitation that promotes plant
growth, and evaporation / evapotranspiration that
removes soil moisture during the growing season.
The American Bottom may flood in the spring or
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Figure 3. Tree-ring-based reconstructions of the Palmer Drought Severity Index (PDSI) for sites 209 and 210 (PDSI Site
Map) bracketing the Cahokia area for the period (a) A.D. 1000 —2000, (b) A.D. 1000-1275, and (c) A.D. 1050-1200). A
PDSI value of —.4 (mean value for last 1,000 years) was used to separate wet from dry periods. Positive values indicate
wet conditions; negative values indicate drought conditions. E = pre-Mississippian Edelhardt phase, and L, S, M, and
SP = Mississippian Lohmann, Stirling, Moorehead, and Sand Prairie phases.

early summer, increasing soil moisture; however, occurred that became more persistent with time
additional summer rains are still needed for maize  (Figure 3a, b). We believe that abandonment of the
to reach maturity. Richland farming complex by about A.D. 1150

Beginning in the Stirling phase and continuing  (Figure 5b) may be related to these droughts, and
until about A.D. 1250, a series of intense droughts  thus that the agricultural “glue” that held the
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A.D. 1000 to 2000) is used to divide drought areas (medium gray to black) from relatively wet areas (light gray).

Cahokian polity together might have dissolved.
Cahokia’s establishment and rapid expansion at
the beginning of the Lohmann phase (Figure 5b)
certainly evidences great organizational change
and, perhaps, political will on the part of its
founders. But whatever the factors that drew thou-
sands of people to Cahokia (e.g., charismatic lead-
ership, areligious cult, a more comfortable lifestyle,
aPax Cahokiana a’la Pauketat [2007]), immigrants

and local laborers had to eat. In fact, a question
remains as to whether the Cahokian leadership
established a program of agricultural intensifica-
tion or whether agricultural intensification was a
consequence of the in-migration of people with
previous agricultural experience.

The latter part of the Edelhardt phase (A.D.
1030-1040) was extremely wet (Figure 5a), and it
may be that pre-Mississippian farmers in the Illi-
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Figure 5. (a) A 7-year running average of the tree-ring-based PDSI record for sites 209 and 210 for the period A.D.
1000-1275 compared with (b) population estimates for Cahokia (Pauketat and Lopinot 1997), and population estimates
for the Richland farming complex (Pauketat 2003). The vertical dotted lines indicate phase and intra-phase boundaries.
The filled circles represent maximum population estimates and the open circles indicate minimum population estimates.
Solid lines connect the population estimates for Downtown Cahokia (DC) and the dashed lines connect the population
estimates for the Richland Complex (RC). The dark solid vertical rectangle indicates the initial construction of the

Cahokian palisade and the lighter rectangles indicate schematically its subsequent reconstructions.

nois uplands were able to produce a series of good
crops during that period, suggesting a location and
procedure for future agricultural intensification.
However, it was impossible for the Cahokian lead-
ership to forecast the intensity and duration of the
anomalously wet period that followed A.D. 1050.
We, therefore, suggest that continued immigration
or localized population growth during the Lohmann
phase might have been an iterative response to
nearly continuous agricultural success experienced
by local farmers, especially those moving into the
Richland farming complex. That is, the expansion
of productive upland farming was able to keep pace
with immigration, encouraging the continued influx
of individuals to greater Cahokia.

Between A.D. 1100 and 1245, when drought
became the rule and not the exception, a popula-
tion that had been farming upland tallgrass prairie
met climate reality head on; the Richland farming
complex was abandoned by A.D. 1150 (perhaps
spurred by a severe 15-year-long drought, see Fig-

ure 3c), leaving Cahokia without an integral part
of its subsistence base. Even droughts that occur
today decrease maize yields; the 1950s drought
that affected much of the contiguous United States,
including west-central Illinois, greatly reduced
maize yields in both counties (Madison and St.
Clair) in which the Cahokians and Richland farm-
ers once resided (Figure 6). Obviously modern-
day maize production differs radically from
Mississippian production; however, reduction in
maize yields during drought in modern times serves
to demonstrate the fragility of maize production
even in the presence of improved technologies.

The loss of an integral part of its subsistence base
need not have entailed a loss of control on the part
of Cahokians during the relatively dry and agri-
culturally marginal early Stirling phase; but even
if Cahokians attempted to maintain the social and
political status quo, they would have done so in the
face of people leaving Cahokia and, quite likely,
the region surrounding Cahokia.
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Figure 6. (a) Detrended maize yields for St. Clair county, Illinois; (b) annual precipitation received at Belleville, Illinois;
and (c) detrended maize yields for Madison county, Illinois. Detrending was accomplished by fitting a second-degree
polynomial to maize yields for the period 1918-2006. The detrending was done in order to remove the continuously
increasing trend in maize productivity due to fertilization and the introduction of new maize hybrids. The time period
displayed (1948-1982) was chosen to highlight the 1950s drought as well as less-intense droughts that occurred within
the subsequent three decades. Gray-toned areas indicate times of drought and reduced maize yields.

Conclusions

Cahokia’s cultural and demographic development
between A.D. 1000 and 1300 was perhaps condi-
tioned by a volatile climate. The latter part of the
pre-Mississippian Edelhardt phase and the entire
Lohmann phase were characterized by extremely
wet conditions (Figure 5a). The population of
downtown Cahokia increased from 1,400-2,800
people during the pre-Mississippian Edelhardt
phase (A.D. 1000-1050) to 10,200-15,300 people
during the early Mississippian Lohmann phase
(A.D. 1050-1100 (Figure 5b). Between A.D. 1000
and 1100, American Bottom farmers moved to

higher ground in an effort to avoid a rising ground-
water table that was responding to anomalously
high precipitation as well as to frequent flooding
of the Mississippi River and its side tributaries.
Midway through the century, a regional reorgani-
zation centered on Cahokia sealed the deal. While
abundant precipitation may have diminished the
agricultural potential of the American Bottom, it
allowed the agricultural intensification of the Illi-
nois uplands and the founding of the Richland farm-
ing complex (Figure 5b). In addition, the wet
climate fed the marshlands, streams, sloughs, and
lakes in the American Bottom, thereby increasing
its fishery and further providing an environment
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conducive to the exploitation of wildfowl and small
mammals. Thus, an overall increase in agricultural
productivity and the fecundity of the American Bot-
tom allowed for the rapid expansion of population
in downtown Cahokia and in adjacent administra-
tive centers.

A series of severe and persistent regional-scale
droughts occurred between A.D. 1100 and 1245
(Figure 5a). Stirling-phase farms were established
at low elevations in the American Bottom, sug-
gesting that drought had caused the water table to
fall. The rural population on the Mississippi River
floodplain increased slightly during the Stirling
phase, perhaps indicating that agricultural intensi-
fication of the American Bottom was occurring in
response to drier conditions or because of the relo-
cation of previously upland farmers down onto the
floodplain. Fewer fish remains are associated with
Stirling-phase sites, also suggesting that drought
also led to the seasonal desiccation of sloughs and
lakes in the American Bottom. But perhaps the
greatest impact of drought was the nearly complete
abandonment of the Richland farming complex by
about A.D. 1150 (Figure 5b). Persistent drought
appears to have led to the downfall of upland farm-
ing if not also to the demise of Cahokia.
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Notes

1. There are differences in the population estimation pro-
cedures, but it is possible to reconcile the two estimates cited
here. Pauketat and Lopinot (1997) use the commonly
accepted duration of 50 years for the Lohmann phase and
believe 10 years to have been a minimum average uselife for
houses at Cahokia; Milner (1998:123) assumes a century-
long duration for the Lohmann phase and considers 10 years
a maximum house-duration estimate. More recently, Pauketat
(2003) argued that both the 50-year phase length and the 10-
year building-duration estimates best fit the archaeological
evidence of numbers of domiciles and their rates of recon-
struction at Cahokia and other excavated sites in the region.
In the end, if we alter Milner’s Lohmann phase duration to 50
years, there is “substantial agreement” between these two
estimates (Pauketat 2003:47).

2. The boundaries between archaeological phases are not
nearly as precise as the tree-ring-based reconstructions of the
PDSI which are accurate to one year. However, the timing of
the phase boundaries and the durations of the phases are gen-
erally accepted by Mississippian scholars and may be accu-
rate to +25 years.
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