L T

z

1\

BN AS - PNAS D)

Downloaded at Palestinian Teritory, occupied on January 1, 2022

' PERSPECTIVE

CrossMark
& click for updates

Prehistoric deforestation at Chaco Canyon?
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Ancient societies are often used to illustrate the potential problems stemming from unsustainable land-use practices because the past seems
rife with examples of sociopolitical “collapse” associated with the exhaustion of finite resources. Just as frequently, and typically in response to
such presentations, archaeologists and other specialists caution against seeking simple cause-and effect-relationships in the complex data that
comprise the archaeological record. In this study we examine the famous case of Chaco Canyon, New Mexico, during the Bonito Phase (ca. AD
860-1140), which has become a prominent popular illustration of ecological and social catastrophe attributed to deforestation. We conclude
that there is no substantive evidence for deforestation at Chaco and no obvious indications that the depopulation of the canyon in the 13th
century was caused by any specific cultural practices or natural events. Clearly there was a reason why these farming people eventually moved
elsewhere, but the archaeological record has not yet produced compelling empirical evidence for what that reason might have been. Until such
evidence appears, the legacy of Ancestral Pueblo society in Chaco should not be used as a cautionary story about socioeconomic failures in the

modern world.
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Deforestation is modern global problem res-
ulting in habitat loss, erosion, pollution, and
potentially negative climate impacts that
eventually may have catastrophic economic
consequences. When deforestation is ascribed
to preindustrial or archaeological contexts,
the focus usually is on unsustainable eco-
nomic practices precipitating some sort of
catastrophe or societal “collapse” (1, 2). How-
ever, although the causes of modern defores-
tation are easily observed and future impacts
can be readily imagined, the difficulties in
linking the archaeological evidence for tree
use with destructive economic consequences
present a serious challenge to the popularized
portrayals of prehistoric societies as exemplars
of the consequences of profligate behavior.
Consider the case of Chaco Canyon, in
northwest New Mexico (Fig. 1), during the
Bonito Phase (ca. AD 860-1140), a period of
emergent social complexity in pre-European
North America characterized by the rapid
development of a hierarchical society en-
gaged in intensive agriculture, long-distance
exchange, and regional political control over
smaller communities. The iconic feature of
the Bonito Phase is the “great house,” a large
masonry building assumed to have been the
center of local communities and a focus of
communal religious activity (Fig. 2 and Fig.
S1). Thousands of timber elements were used
in great house construction, and it is widely
believed that much of this wood was im-
ported from sources far outside the canyon,
perhaps 80 km away, because there were not
enough local trees suitable for building, partly
or wholly a result of deforestation by local
residents (3-5). The acquisition of costly tim-
ber may have signaled the sociopolitical power

of those who organized these efforts (6), but
some scholars argue that reliance on external
resources was unsustainable and led to societal
collapse (1).

In collapse scenarios local deforestation at
Chaco was the result of harvesting trees for
fuel and construction (7, 8), which in turn
caused erosion and the destruction of agri-
cultural fields, undermining local food pro-
duction and forcing residents to offset these
losses through imports (1). Declines in local
productivity were managed by a compensa-
tory reliance on an elaborate but unstable
regional exchange system that failed during
periods of widespread drought, particularly
in the 12th century AD, ultimately leading
to canyon abandonment. The conclusion that
Chaco’s abandonment was self-induced by
destructive resource use has been promoted
as a warning for modern societies about pur-
suing short-term growth over long-term sus-
tainability (1, 2).

This cautionary story about decisions or
choices leading to an avoidable social catas-
trophe has reached vast nonarchaeological
audiences, presenting the Bonito Phase as a
thinly veiled Eden-like scenario (1). Never-
theless, there is no direct evidence for human
impacts on local woodlands during the Bo-
nito Phase, no indication that agricultural
fields were destroyed by deforestation or any
other process, and, surprisingly, no conclusive
information about the amount and sources
of archaeological wood. Indeed, Chaco resi-
dents had available sources of timber and
other natural resources that were certainly
less costly than the distant resources that are
critical to collapse models. Here we examine
the uncertainty surrounding arguments for
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the impact of deforestation on Chaco society
and present an analytical approach to esti-
mating timber acquisition costs that sug-
gests a less fragile exchange economy than
hypothesized by proponents of the unsus-
tainable resource management scenario.

Background

Pueblo Bonito was the physical and social
center of a large community comprising
multiple great houses and perhaps hundreds
of smaller buildings, hierarchically organized
to manage social relations, food production,
and regional exchange effectively (9, 10).
Most great house building in Chaco took
place during the 11th century AD (3, 11), but
depopulation appears to have started soon
afterward and was complete by the late 13th
century AD.

The idea that depopulation was caused by
deforestation that led to erosion and, as a re-
sult, to declining agricultural productivity is
an old one, dating to the early 20th century
(12-14), although evidence for deforestation
was circumstantial, consisting mainly of a few
living trees in the canyon and scattered dead
ponderosa pine (Pinus ponderosa). Archae-
ologists speculated that that tree harvest-
ing left soils exposed and susceptible to
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Location of Chaco Canyon (at arrow origin) in the San Juan Basin of northwest New Mexico and the dis-

tribution of great houses and strontium isotope samples discussed in the text.

erosion during drought, thus reducing agri-
cultural yields. This suggestion never was
substantiated and did not have much in-
fluence on explanatory models for the Bonito
Phase until a study of fossil packrat nests in
the early 1980s.

Researchers investigated fossil packrat
(Neotoma sp.) nests in Chaco by inventorying
the constituent plant species, radiocarbon
dating some of the nest contents, and
reconstructing likely plant communities at
different points in time (7, 8). They con-
cluded that a major reduction of pinyon
(Pinus sp.) occurred between ca. AD 800-
1150 and was more likely to have been
a consequence of “relentless woodcutting”
than of natural causes such as climate
change (ref. 7, p. 658). The unsustainability
model popularized by other scholars (1, 2)
asserts that the packrat midden studies
demonstrated conclusively that human resi-
dents were responsible for depletion of local
woodlands.

However, although packrat researchers
proposed a cultural explanation for inferred
reductions in pinyon, they did not present
independent empirical confirmation for this
hypothesis and were unable to offer a method
for directly evaluating the alternative (or
tandem) role of climate effects on canyon
vegetation (8). Pinyon-juniper woodlands are
highly sensitive to increases in aridity and
temperature (15), and several major episodes
of drought occurred in the San Juan Basin
between AD 200 and 1300 (16, 17); therefore
disentangling cultural and natural impacts on
local vegetation in Chaco remains an im-
portant but unresolved problem.

Pollen records for Chaco have been inter-
preted as indicating only scattered trees along
cliffs and escarpments above the canyon
rather than woodlands within the canyon at
any time in the past 2,000 y (18-20). Indeed,
packrat investigators could not estimate
prehistoric tree density in the canyon before
the Bonito Phase (8) and subsequently

acknowledged that the deforestation in-
terpretation was subject to ongoing debate
(21), particularly given that packrat nests
provide information only about the presence
or absence of vegetation types in highly
localized settings and should not be taken
as reflections of broader ecological structure
(19, 22).

Only two radiocarbon samples from
packrat middens dated to the entire pre-
historic ceramic occupation of the canyon
(ca. AD 500-1300), and neither was ob-
tained from the area around Pueblo Bonito
and surrounding great houses (Fig. 3 and
Fig. S2). Although researchers attributed
the paucity of dated material to tree-cutting,
the decline in dated nests may reflect an
absence of packrats, not necessarily an ab-
sence of trees. High rates of predation by the
human population is a potential explanation
for few dated nests and is consistent with
archaeological and historical data for human
consumption of packrats in the northern
Southwest (23, 24). Increases in temperature
and aridity also may result in the extirpation
of a local packrat population (25).

Consequently, it is possible that there were
no local woodlands to deforest by the onset
of the Bonito Phase in the AD 900s (26),
perhaps because human populations in
the canyon had already depleted local tree
resources (or packrats) by ca. AD 400.
Reconstructing the vegetation history of
Chaco obviously is a complex issue; our
point is simply that the packrat data do not
provide a reliable guide to human behavior
before or during the Bonito Phase and
therefore cannot offer conclusive support
for human-caused deforestation.

Fuel use frequently is invoked as a leading
cause of deforestation in Chaco (27) including
the assertion that the “exhaustion of local
firewood supplies” forced residents to seek
fuel outside the canyon and prevented them
from making their own pottery, because “all

es that defined "downtown Chaco.” The earliest section of the structure was built in the mid-ninth century AD.
tury AD, eventually creating a building with more than 600 rooms and up to four stories in some sections.
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Fig. 3. Great house locations in the Chaco Core, local named tributaries, and the locations of strontium isotope

samples discussed in the text.

late-period pottery in Chaco Canyon was
imported” (ref. 1, p. 149). This assertion is not
supported by the empirical record, because at
most 50% of grayware cooking vessels (utility
wares) were obtained from sources to the west
of Chaco during the late AD 1000s, a per-
centage that is similar to that in sites else-
where in the San Juan Basin, including those
closer to modern timber sources (28). The
highest estimate for potential overall import
of pottery is ca. 50% in the mid-12th century
AD, and this estimate is uncertain. (29).
Experts recognize that exchange may have
been driven by factors other than fuel avail-
ability and that local production probably
continued throughout the Bonito Phase (29).
Therefore, Chaco ceramics do not reveal
anything reliable about fuel consumption in
the canyon during the Bonito Phase.
National Park Service researchers in the
1970s quantified fuel use from charcoal re-
covered as primary deposits in heating fea-
tures or hearths or as secondary deposits
associated with trash (30). They found that
fuel from all times periods was dominated by
shrubby plant species such as Atriplex and
Artemisa, not trees. Dried maize cobs are
actually one of the most common types of
fuel debris found in Chaco sites, but they are
fragile and less likely to be preserved than
wood charcoal; therefore their importance is
generally underestimated. In other words,
there is evidence that residents had access to
fuel throughout the canyon occupation but
there is no indication that canyon residents
were very reliant on trees for fuel at any time.
Likewise, we are unaware of any scientific
investigation in Chaco that has produced
physical evidence for the destruction of
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arable lands in the 12th century (17, 20, 31),
as hypothesized by early researchers and
promoted recently by others (1, 2). It has
been suggested that if water tables dropped
during the earlier 10th century, potential food
production on the north side of the canyon
(Fig. 3) would have been diminished, and
farmers therefore might have been more
reliant on capturing surface runoff further
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upstream from entrenched areas and in fact,
may have compensated for the reduced
water supply by increasing the complexity
of local water-control systems (17, 32).
Although prolonged dry periods must have
had significant economic consequences for
Chaco society, researchers have not argued
that food production in the canyon ever
became “impossible,” as assumed in col-
lapse models (ref. 1, p. 153), and the
paleoclimate record provides no obvious
correlation between drought and societal
collapse (4, 17). On the contrary, construc-
tion patterns indicate that overall energy
investment in Chaco great houses began
to decline in the late AD 1000s, before
the onset of any documented drought peri-
ods (33), and immigrants appear to have
arrived in Chaco during the 12th century
drought (34).

The original Chaco deforestation hypoth-
esis focused exclusively on the reduction of
local stands of ponderosa pine (rather than
pinyon pine and juniper) to provide the large
timber elements required for building mul-
tiple-story, free-standing great houses. Sub-
sequently, dendrochronologists recognized
that many of the construction elements in
Great Houses included Douglas fir (Pseu-
dotsuga menziesii) and higher-elevation fir
(Abies sp.), spruce (Picea sp.), and possibly

Alder
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Species counts for archaeological wood recovered from Chaco great houses (data from online Chaco Re-

search Archive, http://www.chacoarchive.org/cra/chaco-resources/tree-ring-database/). The counts for Alder and
Cottonwood (n ~ 9) are small in comparison to the more common trees such as ponderosa pine (n ~ 2,000) and
therefore do not show up clearly without a log scale, which is not preferable in this case. The graph accurately
represents their marginal contribution.
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aspen (Populous tremuloides). Today Douglas
fir grows in isolated parts of the canyon,
especially east of the Chaco Core, but spruce
did not grow in Chaco during the late
Holocene, and therefore some wood must
have been imported from higher eleva-
tions around the San Juan Basin (4, 35, 36).
One study concluded that the 10 largest
ruins in Chaco required ca. 45,000 high-
elevation trees, some from as far as 75 km
away, based on species proportions recovered
from excavations (37); the standardized size
ranges in archaeological specimens indicate
selective cutting, which might have forced the
Chacoans to find wood in higher, more dis-
tant mixed conifer and subalpine forests
(11, 35, 37). Drawing on these arguments,
some archaeologists (38) concluded that by
the AD 1000s, great house builders pro-
cured timber primarily from sources in
the Chuska Mountains 80 km to the west.

The number of tree-ring dates has in-
creased since these studies and this expanded
database is valuable for understanding tem-
poral trends in species relevant to arguments
for deforestation. For instance, pinyon and
juniper occur throughout the Bonito Phase
but represent an extremely small percentage
of all tree-ring specimens (Figs. 4 and 5).
Pinyon use peaks between AD 1030 and
1060, but juniper shows no obvious temporal
pattern. (However, it is likely that the sample
underrepresents the amount of juniper slats
used in ceilings, because split juniper is
not useful for dating). Nevertheless, the
tree-ring record suggests that construction

demand for pinyon was limited during the
Bonito Phase.

In contrast, the proportion of spruce/fir in
the tree-ring data is significant (Table 1), and
these high elevation species already were
being used during the Early Bonito Phase
(ca. AD 860-1020). The overall amount of
spruce/fir increased dramatically around AD
1030, concurrent with the beginning of the
Classic Bonito Phase and the explosive period
of construction that took place between AD
1030 and 1070. However, spruce/fir was a
consistent part of great house construc-
tion throughout the Bonito Phase and (de-
pending on how well the dated sample
reflects consumption patterns) might have
represented a third of all timber elements
in the 11th century. It does not appear that
these species simply replaced ponderosa
as a building material as local sources of
ponderosa were depleted. Instead, ponder-
osa and spruce/fir covary strongly through
time, perhaps indicating that these elements
were part of a mix or “recipe” for con-
struction and were required in roughly the
same proportions throughout the Bonito
Phase. Large spanning beams in great houses
were almost exclusively ponderosa pine, but
smaller-diameter wooden elements were a
mixture of other species (39), suggesting that
the demand for these more easily trans-
ported pieces was driven by the construction
of smaller architectural units and/or the
remodeling of secondary building elements
(Fig. S3).
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Fig. 5. Stacked bar chart for outer ring dates in construction wood from Chaco great houses. Ponderosa pine and

Table 1. Spearman’s rank correlation

coefficients
Pinyon Ponderosa
Juniper pine pine
Pinyon pine 0.1000
Ponderosa 0.13 0.20*
pine
Spruce/fir 0.23** 0.30** 0.66**

Significance codes: **P = 0.001; *P = 0.01.

These temporal patterns in species use do
not support the idea that spruce/fir in the
Chuska Mountains was acquired to re-
place dwindling supplies of local ponderosa,
because the builders would have had to travel
through dense upland ponderosa stands to
reach the higher-elevation species. This in-
terpretation also is inconsistent with the
dendrochronological data, which indicate
that ponderosa and spruce/fir were obtained
in the same construction episodes (Table 1).
Either spruce/fir was more locally available
than assumed by researchers or builders
sought it out intentionally while by-passing
available ponderosa sources. The latter se-
lective behavior would be consistent with
specialized construction requirements. If
spruce/fir occurred only outside the canyon,
then the demand for these trees obviously
had no role in the putative destruction of
local woodlands.

Because ponderosa grew in the Chaco
Core historically, and the prehistoric density
of pine in the canyon is unknown, the tem-
poral distribution of archaeological ponder-
osa specimens from Chaco sites does not
help explain how construction demands
might have impacted local pine sources. In-
stead, these temporal trends indicate that the
use of spruce/fir and ponderosa was syn-
chronous (although ponderosa consump-
tion was higher in the late 11th century)
and was tied to three or four major con-
struction episodes or “cycles” during the
Bonito Phase, mainly between AD 1020 and
1100. We believe these correlations are sig-
nificant for understanding the economics of
great house production because they show
that from the beginning of the Bonito Phase
great house construction involved the ac-
quisition of higher-elevation species. Any
local depletion of ponderosa would have led
to greater costs in obtaining large, primary
timbers, but procurement of spruce and
high-elevation fir for smaller, less costly
secondary construction elements was always
part of great house production efforts.

spruce/fir timber were used predominantly during the main period of great house construction between AD 1000 and
1117, although most of the dated specimens between AD 1095 and 1110 came from a single great house (Pueblo del
Arroyo). Linear modeling indicates that the relationship between ponderosa and spruce/fir outside dates is statistically
significant (Table 1).

Because wood use was functionally differ-
entiated by species, acquisition costs were
not equivalent across species.

Wills et al. PNAS | August 12,2014 | vol. 111 | no.32 | 11587
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Two investigations using strontium iso-
topes attempted to link architectural timber
in Chaco to specific geographic locations
outside the canyon (5, 35). These studies
concluded that a range of tree species were
imported to Chaco from distant mountains,
most more than 80 km away; limited sam-
pling and the geological complexity of the
San Juan Basin made it impossible to identify
any individual source with confidence, but
the results indicated that at least half the
sampled archaeological specimens of pon-
derosa pine could have grown in Chaco (5).

Because the San Juan Basin consists largely
of sedimentary sandstones and shale that
contribute to soil development through aeo-
lian and alluvial processes (31), and because
Chaco Canyon is more than 30 km in length
with a watershed of 11,000 km? soils
throughout the region probably are homoge-
nized with respect to strontium and are dif-
ficult to differentiate using a single isotope
(40, 41). Nevertheless, researchers reported
that in sample of 52 spruce/fir specimens
from Chaco great houses, 35 could traced to
the Chuska Mountains and 17 to the San
Mateo Mountains (Fig. 1) (5). Despite the

1500-

1000-

Density

500-

recognized problems in the ponderosa pine
study related to geological variation and lim-
ited sampling, investigators concluded that
the strontium isotopic results indicated that
the architectural ponderosa used in Chacoan
great houses came mostly from the Chuska
Mountains to the west and the La Plata and
San Juan Mountains to the north (35).

Perhaps because the ponderosa study
identified specific sources despite the ac-
knowledged uncertainty (5), a consensus has
emerged regarding the long-distance trans-
portation of wood into Chaco, particularly
from the Chuska Mountains, without a care-
ful consideration of the ambiguity associated
with the strontium analyses. Because un-
certainty is best captured using larger sample
sizes, we combined published strontium data
from trees reported (5, 35) and strontium
values from soil and water samples (42) and
corrected them to NBS SRM-987 to produce
overlapping probability curves (Fig. 6 and
Table S1).

The results reveal more uncertainty in
source attribution than recognized in the
original studies. Critically, because of over-
lap, strontium isotopes cannot differentiate
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Fig. 6. Kernel density plots for radiogenic strontium isotope ratios of (4) potential sources, (B) tree taxa identified in
great house timber, and (C) timber from Pueblo Bonito, Pueblo del Arroyo, and Chetro Ketl great houses.
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between Chaco Canyon and Chuska Moun-
tain sources (Fig. 6A4). A small percentage
of wood may have originated in the San
Pedro Mountains to the east (Fig. 6 B
and C), but it appears possible that nearly
all the archaeological timber used in great
houses came from similar sources (Fig. 6C).
The high *’Sr/**Sr variability of timber does
not lend itself to a simple interpretation,
because (i) Chaco and Chuska radiogenic
strontium isotope ratios cannot be fully dif-
ferentiated from each other and (ii) they
cannot explain all the variation found in the
wood beams.

Strontium data do not discriminate clearly
between sampled locations and therefore
cannot reliably trace archaeological wood to
individual geographic sources because there
is too much variation among the samples and
overlap between the sources. This limitation
is particularly evident when riparian areas
around the canyon are included with the
high-altitude sources investigated in the past
(5, 35). Similar radiogenic strontium isotope
values are found in riparian areas closer to
Chaco Canyon than the Chuska Mountains
(42-45). These riparian zones also could be
contributors and, importantly, would be
predicted to have highly mixed *Sr/*Sr ra-
tios (40, 41). The identical strontium ratio
values for archeological wood from Chaco
and the Chuska mountain samples challenge
the argument that most of the imported
wood came from the Chuska region; these
data could just as well indicate that the trees
grew locally. However, researchers rejected
Chaco Canyon as a likely ponderosa source
(5) because the two packrat samples dating to
the Bonito Phase did not have ponderosa
macrobotanicals. In any case, the limited
utility of strontium ratios alone for identify-
ing wood sources seems clear, and a more
robust geochemical approach would expand
at least to include multiple isotopes (46).

Although great house construction appears
to have been organized around a dual
procurement pattern for timber, combin-
ing ponderosa pine with some higher-
elevation spruce/fir, most of the primary
wooden construction elements (those
bearing the greatest load in structures) were
ponderosa (4). Given that published geo-
chemical evidence for long-distance acqui-
sition of ponderosa is inconclusive, and many
isotope ratios from individual archaeological
specimens match soil-water samples ob-
tained in the canyon drainage, could Chaco
builders have found ponderosa sources closer
to the canyon?

To address that question, we modeled
potential sources of ponderosa pine based
on specified transportation costs derived

Wills et al.
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from topographic variability and current
tree locations using ArcGIS Path Dis-
tance and Corridor modeling tools (http://
resources.arcgis.com/en/help/main/10.2/index.
html#/An_overview_of_the_Distance_tools/
009z00000014000000/). The analysis created
a terrain model linking potential prehistoric
sources of ponderosa pine (based on modern
vegetation patterns) to the least costly path-
ways to those sources, defined by the rug-
gedness of land surfaces.

Modern vegetation was used as a proxy for
the closest potential sources of ponderosa
during the Bonito Phase, as we assumed
that any modern sources represent locations
where ponderosa pine could have grown in
the past. Our analysis assumes a present-day
climate, which places the Chaco Core at the
lowest marginal elevation for ponderosa; with
a wetter climate, ponderosa stands in the east
likely would have covered a much wider area,
and there were prolonged wet periods (ca.
AD 200-300, 500-650) before the Bonito
Phase (16). The Path Distance analysis using
the ArcGIS Corridor tool produced a
weighted-cost corridor surface in which
pixel values are proxies for relative travel
costs. An integrated path distance and cor-
ridor analysis for a circular area centered on
Pueblo Bonito with a radius of 140 km was
conducted using slope, elevation, vegetation,
and archaeological data (Fig. 7). The radius
of the study area was selected to encompass
nearly all the strontium samples referenced
in the preceding section.
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The analysis reveals that areas to the east
of Chaco Canyon are least-cost potential
ponderosa sources (especially at elevation
>2,500 m), including two broad zones within
its watershed (labeled East 1 and 2). The Los
Pinos Mountains to the east, the San Mateo
Mountains to the southeast, and the Chuska
Mountains to the west offer the least costly
access corridors to areas with adjoining
stands of ponderosa and spruce/fir (Figs. 1
and 7). Each of these upland locations has
produced strontium ratios from living trees
that match archaeological wood from Chaco
(5). The path analysis identified the La Plata

Mountains to the north as a more likely
source than the Chuska Mountains. In-
tuitively the La Plata source seems doubtful,
based on sheer distance and river barriers, as
suggested by other analysts (5), but objec-
tively, however, it is no more costly than the
northern part of the Chuska Mountains that
many archaeologists feel was used preferen-
tially for timber by Chaco builders.

A circumstantial argument in favor of
sources to the east and south is the change in
elevation and associated shifts in vegetation
moving from Chaco outward (Fig. 8). Be-
cause the Chaco Core is on an elevation cusp
at just under 2,000 m, currently the lower
limits of pinyon and juniper, the opportunity
for encountering trees of any species increa-
ses with elevation, with grasslands found at
lower elevations. Elevations rise rapidly to the
east and south and decline dramatically for
40 km to the west and 100 km to the north.
Trees are more likely to have been found to
the east and south of Chaco within an 80-km
radius, regardless of stand density. Paren-
thetically, the types of wild resources asso-
ciated with woodlands (e.g., pinyon nuts,
walnuts, various berries, and medium to large
game) also would have been encountered
more frequently in those directions. There-
fore, if the procurement cost (defined by
terrain ruggedness and proximity to suitable
trees) determined where timber was har-
vested, sources clearly were found east
and south.

Discussion

Our analysis of archaeological wood and the
cost-weighted distance to potential tree
sources during the Bonito Phase predicts
that the region east of the Chaco Core, and
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Fig. 9. Distribution of Chaco era great houses (not all sites were contemporaneous) showing relative site size based
on minimum room counts expressed as SDs from the mean. The black lines show major watersheds; highlighted blue
lines indicate the Chaco Canyon drainage and the San Juan River 80 km to the north. Nearly all the great house
architecture in the San Juan Basin by volume occurs within 20 km of Pueblo Bonito. The archaeological-site data are
available from the Archaeological Records Management Section, www.nmhistoricpreservation.org/arms.html.

particularly the watershed draining to the
cluster of great houses at the western end of
the canyon, was a significant part of the
canyon community economy. This region
commonly is regarded as empty or as a
possible frontier zone providing a buffer
against other non-Chacoan populations and
is not considered an integral part of the
Chaco World (46).

However, the canyon great house com-
munity, or a “community of communities”
(47), had a considerable presence in the wa-
tershed. During the 11th century AD, at least
11 great houses extended along 32 km of the
canyon, linked by a prehistoric road from
Pefiasco Blanco at the west end of Chaco to
Pueblo Pintado at the eastern end (Fig. S4).
This group includes the eight largest great
houses in the San Juan Basin, each sur-
rounded by numerous smaller residential
sites (48). In fact, the Chaco Core and adja-
cent drainages contain more than 99% of all
great house architecture within a 40-km ra-
dius of Pueblo Bonito (Fig. 9).

Overall, the canyon great houses occupy
a high-potential agricultural zone (49-52)
that extends into a relatively productive nat-
ural resource zone that in turn borders on
higher-elevation resource areas to the east.
Areas immediately to the west of Chaco do
not exhibit this combination of natural re-
source accessibility and farming potential.
Outliers within 40 km of the Chaco Core are
small (Fig. 9) and widely dispersed. Agricul-
tural production studies (53) indicate that

have had much food for economic exchange.
Because the western outliers were geo-
graphically and economically marginal to the
concentration of great house communities in
Chaco, it is not surprising that some goods
(such as pottery or chipped stone material)
would flow toward the larger community.
There may have been many potential ex-
change mechanisms, operating on a variety
of social scales (28, 54), undoubtedly related
to Chaco’s position as the primate regional
center, but it is unlikely that the Chaco
community of communities was economi-
cally dependent on the outliers for food
production.

Archaeologists know that the abandon-
ment of the canyon great house community
was not abrupt, although the exact process
leading to depopulation by the end of the
13th century is unclear. It is plausible that in
the agricultural period the occupation of
Chaco Canyon impacted local tree pop-
ulations through fuel use and building
construction, unintentionally destroying
agricultural fields, but there simply is no

evidence supporting this scenario. Statisti-
cal analysis of published geochemical data
does not provide support for the long-
distance acquisition of ponderosa pine or
replacement of ponderosa by spruce/fir
through time, although botanical evidence
certainly indicates a considerable use of
high-elevation spruce/fir for small con-
struction elements, and we believe Chaco
builders were perfectly capable of acquir-
ing wood from mountainous areas (33).
Our point is that we do not yet know
where most of the timber in Chaco great
houses originated, and we cannot eliminate
local (canyon drainage) sources. Conse-
quently there is no basis for concluding
that the abandonment of Chaco Canyon
was brought on by deforestation, improvi-
dent use of natural resources, or unstable
exchange relationships, and therefore there is
no reason to use Chaco’s history as a warn-
ing from the past about societal failure.
Scientists have a responsibility to engage
with the public about the way in which their
research is used by nonspecialists, and
archaeologists have been particularly con-
cerned about characterizing ancient societies
as cautionary tales for modern society (55,
56). We do not think Chaco is an example of
societal “ecocide” (ref. 1, p. 8) (1), but our
objection to the hypothesized linkage be-
tween deforestation and societal collapse is
not because that purported connection has
been popularized. Rather, we object to the
conclusion that this hypothesis has been
confirmed, when in fact it has not. If scholars
really expect that the decisions made at Chaco
in the past can be lessons for us today, then
we need to ensure that our understanding of
those decisions is as thorough as possible.
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