
GEOLOGY, June 2010 575

The Classic Period lowland Maya collapsed at the apex of their mate-
rial achievements and population size. From about A.D. 800–1000, their 
societal structure and infrastructure collapsed and their heartlands (hence-
forth region, which extended north-south from present day central Quin-
tana Roo and Campeche, Mexico, to the Guatemalan highlands, and east-
west from the Copan Valley of Honduras to the Usumacinta watershed in 
Chiapas, Mexico) depopulated on an exceptionally large order, much of 
the area remaining ephemerally occupied even today. The collapse and 
depopulation are the subject of long-standing debates about human-envi-
ronment dynamics among the Maya and during the Holocene in general 
(e.g., Gill, 2000; Tainter, 1988). It should come as no surprise that the 
Maya collapse has been extended to themes concerning contemporary 
climatic change and sustainability (e.g., Diamond, 2005). An emerging 
consensus eschews simple explanations of this complex phenomenon 
and focuses on causes emerging from complex but reinforcing coupled 
human-environment systems interactions (e.g., Lowe, 1985; Turner et al., 
2003). Less emphasized in these assessments are the insights to be gained 
by focusing on what transpired in the region subsequently (e.g., Whitmore 
and Turner, 1992, 2001). This approach is partially tackled by Mueller et 
al. (2010, p. 523 in this issue of Geology) to reinforce the role of climate 
change in understanding pre- and post-collapse environmental conditions 
in the Maya heartland.

The recognition of complexity in the collapse of the Maya and the 
depopulation of the region initially focused on non-climatic environmen-
tal and resource stresses (e.g., Culbert, 1973). Earlier consideration that 
a change in climate may have played a role (e.g., Huntington, 1917) was 
resisted, in part owing to the excesses to which environmental determin-
ism had been employed to explain societal characteristics and human his-
tory at large. In the mid-1990s, however, paleo-environmental research 
began to uncover strong evidence of a major spike in climatically driven 
aridity in the Maya lowlands coinciding with collapse and depopulation 
(Hodell et al., 1995, 2005; Rosenmeier et al., 2002), results supported by 
the evidence reported by Mueller et al. Coupled with other evidence of 
major land-use pressures and water scarcity problems (Gill, 2000; Scar-
borough and Gallopin, 1991), especially confronting occupation of the 
karstic upland landscapes (inland of the coastal shelf of the Yucatán Pen-
insula), a truly complex coupled system orientation has emerged (Beach et 
al., 2005, 2009). The spike in aridity surely mattered in the Maya collapse 
and depopulation, but must be cautioned and elaborated by the recognition 
that (1) the long-evolving Maya fl orescence took place under conditions 
of increasing aridity, to which the Maya apparently adjusted quite well; 
(2) the scale of deforestation in the region likely amplifi ed the level of 
climate-driven aridity, hinting that the combined forcings on precipitation 
may have played a role in generating a tipping point for the Maya; and 
(3) the more arid, far northern part of the peninsula never depopulated, 
indicating that climate desiccation alone cannot explain the depopulation 
of the region (Turner et al., 2003). The northern realm remained strongly 
occupied by the Postclassic Maya who fi ercely resisted Spanish conquest.

The collapse-depopulation of the region was followed by a pro-
longed period of forest recovery, presumed to indicate environmental 

rebound from the former land pressures and, more recently, from severe 
climate desiccation. The timing of this recovery, however, was once in 
modest dispute, largely owing to carbon dating problems in the karstic 
Maya environment as detailed by Mueller et al. Some researchers pegged 
the forest recovery to have begun immediately following the collapse. 
The late Edward Deevey, however, based on paleoecological work in 
the central Petén lakes (see Mueller et al.), speculated that the recovery 
did not occur until Colonial times (sixteenth century). This interpretation 
stood at odds with the written record. The Hernán Cortes expedition of 
A.D. 1524–1525, from Mexico to Honduras, came close to perishing as 
it struggled through the forests of the Petén (Cerwin, 1963 52). The fact 
that there was a modest Maya presence around the central Petén lakes 
in Colonial times, the discovery of which saved the expedition, possibly 
explained discrepancies in the two views on forest recovery. Mueller et al. 
appear to resolve the issue, providing strong evidence that forest recovery 
in the Maya heartlands dates to the early part of the Postclassic, not the 
Colonial, period, although open lands remained near Lake Petén Itzá into 
the Terminal Classic period. Mueller et al.’s projected forest recovery of 
80–260 yr after the collapse is consistent with recent work from southern 
Quintana Roo and Campeche, Mexico, indicating that older-growth forest 
conditions (species presence but not abundance) may be reached within 
50–90 yr after abandonment from slash-and-burn cultivation in which 
large patches of older-growth forests remain in proximity to disturbed 
land (Lawrence et al., 2007). The land-cover matrix at the time of the col-
lapse, however, was much more open, with less large forest patches (e.g., 
Lentz and Hockaday, 2009), suggesting that forest recovery may have 
taken longer than estimates based on slash-and-burn cultivation alone. 
Mueller et al. also conclude that species indicative of a return to more 
humid conditions were involved in forest recovery, adding climate change 
to land abandonment as explanations for the recovery. This interpretation 
is consistent with other, recent evidence of changes in climatic conditions 
across the peninsula at large, but warrants several complementary con-
siderations. First, the huge release in land pressures and increase in for-
est canopy should have increased regional evapotranspiration, potentially 
assisting the larger shift to more humid conditions. Second, the recovered 
forests were surely altered in species abundance by previous Maya activi-
ties that included managed forests, orchards and other long-term agricul-
tural activity, and extensive paved-over settlements (Gómez-Pompa et al., 
1987; Lambert and Arnason, 1982).

The Maya heartlands witnessed one long-term (millennial) wave of 
population growth and decline, in which the forest recovered in absence 
of signifi cant occupation. If the forest recovered, why did the population 
fail to do so? Did Maya soil degradation contribute to long-term aban-
donment of the region? The upland slope soils are typically shallow (50–
80 cm) but relatively fertile for the tropics in general. Various research 
indicates major soil losses during the widespread deforestation in Pre-
classic times (ca. 1500 B.C. to A.D. 250), ultimately leading to major 
sedimentation of shallow lakes and lagoons, at least along the coastal 
shelf in Belize, many of which the Maya subsequently cultivated (Beach 
et al., 2005, 2009; Jacob and Hallmark, 1996). This scale of erosion 
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appears to have been brought under reasonable control by the Classic 
period through the use of terracing and other management strategies in 
the uplands (Beach and Dunning, 1999). Mueller et al. do not address 
the early erosion themes, but their dating of inorganic detrital deposits 
indicate erosion was ongoing during the Terminal Classic period, at least 
in the immediate vicinity of the central Petén lakes where Maya popula-
tions remained. Other than erosion controls in the face of severe land 
pressures, the Maya surely practiced methods that reduced the loss of 
soil nutrients on upland slopes. Recent research reveals that phosphorus 
(P) is the limiting soil nutrient for cultivation in the region (Lawrence et 
al., 2007), and the staggering level of deforestation during Classic Maya 
times signifi cantly reduced the principal source, wind-blown P captured 
by the forest canopy. Mueller et al. suggest physical soil stabilization 
~120–280 yr after the collapse. Forest recovery in general, and canopy 
capture of P, presumably would have recovered soil nutrients. Despite 
this recovery, the Maya never returned to their heartlands in any sub-
stantial numbers, and their magnifi cent monumental achievements were 
consumed by the forest. Signifi cant re-penetration of the region by agri-
culturalists began only about one-half century ago.

What are we to make of this evidence relative to the human-environ-
ment history of the Maya heartlands? The coupled human and environ-
mental systems in pre- and post-collapse times were radically different. 
Large populations, land and soil stress, and increasingly severe aridity (as 
well as confl icts among polities; e.g., Webster [2000]) point to a collapse 
that involved many dimensions. Extremely small populations and low lev-
els of land stress after the collapse reduced the complexity of human-envi-
ronment relationships while more humid conditions returned. Surely by 
A.D. 1200–1300, if not before, the environmental conditions of the region 
were somewhat akin to those that the Maya encountered as they entered 
the lowlands more than a thousand years previously (save perhaps the 
conversion of shallow lakes and lagoons to wetlands and the abundance 
of certain tree species). That the recovered forests and soils of the Maya 
heartlands prevailed for a millennium with minimal human re-occupation 
strongly hints that environmental change alone does not determine soci-
etal outcomes. At the same time, the case mounts that the Maya collapse 
and depopulation joins the ranks of cases of other complex human-envi-
ronment systems that apparently reached tipping points in which climate 
change played a major role.

Our understanding of the human-environment dynamics of the 
ancient Maya heartlands has increased signifi cantly. Like all other densely 
settled civilizations, the Maya undertook large-scale environmental modi-
fi cations and transformation in order to meet resource demands. The 
resulting land and water engineering and management efforts have been 
documented, and the climatic context in which they took place increas-
ingly revealed. Less understood at this time are the resulting regional or 
landscape-level dynamics. For example, what were the impacts on cli-
mate of large-scale deforestation? Was the desiccation itself or its impacts 
partly endogenous to the human-environment system in the ancient Maya 
heartlands? Finally, did this system generate legacy effects that inhibited 
major re-occupation, and how might they be uncovered?
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