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Abstract
Pursuit of a link between the collapse of Maya civilization and climate is a subject that
has been revisited periodically for nearly a century. In the 1980s, we began to develop a
climatic, paleoclimatic, and ethnographic model of horticultural production that would sustain
urban life in an environment fundamentally hostile to large population aggregates. Our focus is
on the appropriate conditions for the success of civilization, measured by architectural
fluorescence, in the interior upland basins of the Yucatan Peninsula. To this we have added new
research linking the now-collapsed interior cities and their bajo environments to near-shore
deposits at the mouths of rivers. This study is based on the Candelaria River watershed of the
southwestern Maya Lowlands in the modern Mexican state of Campeche. Campeche is
separated from other regions of the Yucatan Peninsula by hills up to 400m elevation. These
elevated interior lands create important rain shadow effects, limitations on land use, and divide
the landscape into valleys and basins. Past climates, local geography, and horticultural customs
appear to be important to the success of civilizations in the interior. Results of the recent coring
efforts suggest that the Maya of the Candelaria watershed controlled erosion during the period of
greatest population, but lost control of it during the vigorous climatic oscillations of the ninththirteenth centuries, which include extreme episodes of drought, excessive rainfall, and
population dislocations.

Abstracto
La búsqueda de un eslabón que sirviera de enlace del colapso de la civilización maya con
el clima, es un proyecto que ha sido retomado periódicamente durante casi un siglo de estudios
de esta civilización. Durante la década de los 80´s, nosotros comenzamos a desarrollar un
modelo climático, paleoclimático y etnográfico de producción hortícola que ayudaría a sostener
(sustentar-alimentar) un núcleo de vida urbana en un ambiente fundamentalmente hostil a
grandes conjuntos de poblaciones. Nuestro enfoque en este estudio es para tratar de encontrar las
condiciones apropiadas para el éxito de un núcleo de civilización basado en el florecimiento
arquitectónico urbano en las cuencas interiores de las tierras altas con ambientes adversos.
Hemos añadido a esas investigaciones unos conceptos nuevos, combinando lo que sabemos de
las ciudades del interior, ya abandonadas, y su medio ambiente, incluyendo en este estudio, las
zonas bajas de la región con depósitos aluviales cerca de las orillas de los estuarios de los ríos.

Este estudio está basado en la cuenca del río Candelaria que fluye por las tierras bajas de la zona
maya en el actual estado mexicano de Campeche. Campeche está separado de otras regiones de
la Península de Yucatán por cerros de hasta 400m de altura. Estas tierras elevadas del interior,
generan lluvias copiosas, limitando el mejor aprovechamiento en el uso del suelo y demarcan el
paisaje en valles y bajos. Los climas benignos del pasado en esta área geográfica local y las
tradicionales costumbres hortícolas parecen que fueron muy importantes para lograr el
florecimiento de la civilización en el interior del área maya. Los resultados obtenidos de las
recientes muestras obtenidas del fondo del río Candelaria, nos sugieren que los mayas
establecidos en esta cuenca regularon con obras los efectos de la erosión en su período de mayor
florecimiento poblacional, pero se perdió este control durante las vigorosas oscilaciones
climáticos de los siglos 9º y 13º que incluyen episodios extremos de sequía, lluvia excesiva y la
dislocación de poblaciones.

Introduction
Pursuit of a link between climate and the ~A.D. 800 collapse of Maya civilization has
been revisited periodically for nearly a century (Brooks 1970[1949]; Folan 1981; Folan, Gunn,
Eaton, and Patch 1983; Gill 2000; Gunn and Adams 1981; Haug, Gunter, Peterson, Sigman,
Hughen, and Aeschlimann 2003; Haug, Hughen, Sigman, Peterson, and Röhl 2001; Hodell,
Curtis, and Brenner 1995; Huntington 1917). This downside-perspective, however, leaves the
question of what facilitated the fluorescence of Maya civilization unanswered. What was the
sustainable component of Classic period Maya society? In the 1980s, we began an ethnographic
study of existing Maya horticultural practices with the purpose of understanding what sustained
Maya civilization for more than 1,000 years (from around 500 B.C. to A.D. 800) in an interior
environment fundamentally hostile to large population aggregates (Gunn and Folan 2000; Gunn,
Matheny, and Folan 2002; Gunn, Folan, and Robichaux 1994; Gunn, Folan, and Robichaux
1995; Lucero 2002; Shaw 2003). We collected ethnographic observations on modern farmers,
and modeled and measured past and present environments. The contrast between looking at the
upside and the downside of civilization distinguishes this effort from our earlier investigations
and those of other authors.
In this article, we will briefly review findings of previous research on the building and
sustaining of Maya civilization in the Candelaria River watershed of the southwestern Yucatan
Peninsula (Figure 1). This includes modeling of precipitation/discharge from post-1958 data and
studies of Classic Maya-period sediments in the upland basins around the ancient city of
Calakmul, the largest of the interior urban areas. We will then offer new information on a core
from the Candelaria River delta at the Laguna de Terminos. These complimentary views of the
river from its beginning to end provide a nearly complete hydrological, cultural, and climatic
picture of the past. Research by Vargas Pacheco (1999) and Siemens and associates (2009;
Siemens and Puleston 1972; Siemens and Soler Graham 2003) on the middle reaches of the
Candelaria system provide additional insights to the total system configuration and river
response to Maya landscape formulations and exogenous influences. They also provide evidence
of a great deal of landscape modification by the pre-Columbian Maya. The impact of this
modification remains something of an unknown quantity relative to upstream impacts on the
delta core until we have access to quantified indications of this activity; cores have been taken
and may one day figure into our calculations. We will discuss how and what data were collected
from the delta core, examine some relationships between previous cores in the bajo below
Calakmul and the Laguna de Terminos, or Panlao, core using univariate and bivariate methods.
Then we attempt to understand the whole up and down river system through multivariate
numerical analysis.

Figure 1. Map of the Maya Area.

The Candelaria
River watershed is located
in the southwestern Maya
Lowlands in the southern
portion of the Mexican state
of Campeche and adjacent
areas of Guatemala. It
encompasses over
13,000km2 and drains
virtually the whole of the
south end of the state of
Campeche and adjacent
small areas in Guatemala.
It empties into the Laguna
de Terminos through the
Panlao estuary from where
the core was taken. The Candelaria River-El Laberinto Bajo system drains all of the territory
west of the central hills of the Peninsula that range up to 400 m above sea level. These elevated,
interior landforms create climatically and culturally important rain shadow effects (see pluvial
anomaly map in Orellana 2003:45) and divide the landscape into valleys and basins (BautistaZúñiga, Battlorri-Sampedro, Ortiz-Pérez, Palacio-Aponte, and Castillo-González 2003; Folan,
García Ortega, and Sánchez González 1992; Gates 1992; Gunn, Folan, and Robichaux 2003).
Just as archaeologists and researchers from related disciplines have found that climate is
variable, detailed understanding of the geography of the Maya Lowlands has shown it to be a
highly varied landscape requiring considerable time and re-adaptation of cultural customs to
adjust to local conditions (Dunning 1996; Gunn, Folan, and Robichaux 1994; Gunn, Folan, and
Robichaux 1995; Pope and Dahlin 1989).

Research Design
Modern drainage patterns, sediments, and cultures are the end-product of thousands of
years of co-evolution of climate and culture. To some degree all human groups modify their
landscapes by living in them and manipulating their materials. Once thought to be the least
likely to effect major landscape modifications, recent research has shown that even Australian
aborigionals create ponds and canals modifying 100km2 to grow eels captured in the ocean
(Builth 2002). In this perspective, the study of the present is the study of the past. We began
studies of the modern climate and geomorphology of the Candelaria basin in the 1980s as
reported in several publications (Gates 1992; Gunn, Folan, and Robichaux 2003; Gunn, Foss,
Folan, Domínguez Carrasco, and Faust 2002; Gunn, Folan, and Robichaux 1994; Gunn, Folan,
and Robichaux 1995). A river system's morphology and sediments are end-products of millennia
of interactions between precipitation, erosion, deposition and cultural intervention, and bears a
record of that past in its sediments and morphology. Similarly, the present-day horticulturist's
customs are descendant from the practices of their ancient predecessors and bear the marks of
past climates. The study of these modern patterns and residues can suggest patterns of
alternative behavior to modern patterns (Faust 1998; Faust and Gunn 1999; Folan and Gallegos
O. 1999; Folan and Gallegos O. 1992), and perhaps anticipate unexpected future shifts of
organization in landscapes and societies.

Our current research is focused on a newly acquired core from the mouth of the
Candelaria River at the Laguna de Terminos. It was our belief that if we could document the
conditions of the river system at both the erosional upper, or bajo end, and the sea-side lower or
depositional end, we would be better able to characterize the chemical evolution of the river
system and its implications for urban life in the interior so far as it can be known. This study
attempts to close the loop on our understanding of the Candelaria River biocultural system.

Modeling Climate
To understand the climate sequence of the southwest region for the period of Maya
cultural evolution, we devised a model for the last 3,000 years (the Late Holocene). It was
calculated as a proportions problem with modern global climate and discharge as knowns, past
global climate as known, and past discharge as the unknown. The functions for modern globalto-local climate were obtained by regressing modern global-scale variables with Candelaria
River monthly discharge rates (Gunn, Folan, and Robichaux 1994; Gunn, Folan, and Robichaux
1995). These functions were then used with prehistoric indices (proxies) to calculate prehistoric
discharge rates (Figure 2). Rotational precession was also
accounted for.
Figure 2. Estimated Prehistoric Discharge Rates of the Candelaria River
(black, Gunn, Folan, and Robichaux 1995) and sea level (green, from Tanner
1993).

Validation of the model was predicated on known
features of the southwestern Yucatan Peninsula climate sequence
such as periods of intensive drought around A.D. 200 and A.D.
800 interspersed with periods of moderated climate. These
features appeared in the discharge/climate curve (see Figure 2).
Vargas’ (1999:194-195) found evidence supporting the projected
discharge rates both in the Late Preclassic El Mirador period
(200 B.C.-A.D. 200) and during the historic Spanish entrada
period (AD 1500s). He also believes that population changes
correspond to fluctuations in the discharge rates (Vargas Pacheco 1999:160)
The model provided the additional insight that precipitation would increase dramatically
and destructively with global warming. This inference is supported by both Vargas’
investigation and the raising of large parts of the city of Champoton near the River on platforms
(Folan, Morales Lopez, González Heredia, Hernández Trujeque, Florey Folan, Bolles, Gunn, and
Dominguez Carrasco 2007). The model projects excessive precipitation early in the time series
(before 500 B.C.) and the Medieval Maximum (A.D. 950-1250), periods of known global
warming. The model was extended to the Champoton and Usumacinta watersheds in 2000
(Gunn and Folan 1996; Gunn and Folan 2000). The study showed that, in addition to the
impacts of global climate, hydrological parameters differed between basins depending on rain
shadow effects, watershed size, topography, geology, and human intervention. In other words,
while commonalities do exist between river system, each river basin within the southwest region
requires a somewhat unique global-to-regional transformation in order to understand the impacts
of climate on its civilization.

Modeling Food Production
We assume that in the absence of mass transportation of food stuffs, the construction of
massive architectural monuments and public buildings was somewhat dependent on local

horticultural productivity. (In addition to swidden horticulture, other means were also used such
as raised terrace gardens and yard gardens [Folan, Kintz, and Fletcher 1983; Hansen 1998].)
Through ethnographic interviews of modern swidden horticulturists, we found that productivity
depends on two main variables, time of onset of the rainy season, and wet-dry season contrast,
which facilitates drying and burning of the slash. Working primarily in the Candelaria and
Champoton river systems, interviews showed that the horticultural practices of the local swidden
agriculturists or tropical gardeners, referred to as “milperos” and the gardens as “milpa”, are
related to the global-local climate function. Milpa is a system of planting that makes intensive
use of small plots of land in the forest by distributing crops vertically in layers rather than
horizontally, as is customary in temperate zone agriculture. Layers including root crops under
the surface, surface crops such as squash, and above-surface corn, which provides scaffolding
above the surface for climbing plants such as beans.
Interviews with milperos revealed planting strategies that varied with the time of onset of
the rainy season, and through data analysis of the global-local system, we found that onset varies
with global average temperature. This is the key link between climate and the quantity of food
production (Faust and Gunn 1999; Folan and Gallegos O. 1992; Gunn, Folan, and Robichaux
1994; Gunn, Folan, and Robichaux 1995).
A study in the Champoton River system in the village of Pich showed that milperos’
planting strategy in that area is guided by a complicated complex of considerations that includes
climate and other factors (Faust and Gunn 1999; Gunn et al. 2002). Ideally, in order to
counteract predators, the members of the village all plant at the same time so that no one firstplanter becomes the single victim of all milpa predators. Climate is accounted for by varying the
time of the planting. The planting event is coordinated and motivated through saints’ festivals
that mark the beginning and end of a two-week planting period.
During the last two decades, deforestation has created a drying climate in the study area;
Pich is on the southern rim of the Edzna valley. Deforestation is, in effect, a living simulation of
climate change from wet-to-dry conditions. To accommodate the later onset of the wet season
caused by deforestation and general drying of the climate, villagers have moved their typical
planting time from 3 May to 15 June. The beginning and ending dates of each planting period
are traditional saints’ days and probably have been carried forward from ancient religious
practices through a process referred to by anthropologists as “syncretism.” The current names of
some saints appear to be syncretic overlays of earlier deities. During the times when the interior
highlands of the Yucatan Peninsula were dotted with large cities, the saints’ days would have
been marked with grand ceremonies of magnificent proportions to coordinate the activities of
large populations. They would be hard to characterize in terms of urban or rural because like
today’s villages, they would have spent the dry season in cities clustered around community
water supplies and wet seasons dispersed to milpas. In today's smaller villages, the festivals are
marked by the equivalent occasions of festivals, bull fights, and adulations of the saints (Faust
and Gunn 1999; Gunn et al. 2002).
Our central concern is to discover the conditions in which milpa production rises to the
challenge of supporting urban populations. The discharge levels reconstructed for the Candelaria
River (Gunn, Folan, and Robichaux 1995, see Figure 2) indicate a 200-300 year oscillation of
precipitation levels, a periodicity later supported by analysis of lake core data, although from
another region of the peninsula (Hodell, Curtis, Brenner, and Guilderson 2001). Our studies of
milperos imply that moderate levels of precipitation, i.e., mid-length rainy seasons, favor
maximum horticultural production. The maximum production is dependent on annual cycles of
well-marked wet and dry seasons, and falls if the rainy season is too short or too long. Mapping
this concept of moderate discharge against the estimated Pre-Columbian discharge pattern (see

Figure 2) reveals that periods of moderate precipitation occurrences correspond to periods of
maximum architectural fluorescences in the Maya Lowlands. We presume, therefore, that
architectural production was modulated by horticultural productivity.

El Laberinto Bajo Cores
Collecting five-inch bucket cores from the Laberinto Bajo at three strategic locations
(Gunn et al. 2002) revealed a pattern of natural and anthropogenic deposition that coincided with
the pattern of estimated river discharge and architectural flourescence (Figure 3). Before 3,000
years ago, the bajo appears to have been scoured of sediments in all of the locations that we
tested. Apparently the runoff before then was of such a great volume that it carried away any
sediments that might have been available for deposition. This coincides with the time of
extremely high discharge projected by the
climate model (see Figure 2A).
Figure 3. El Laberinto Bajo Cores

The analysis of the bajo cores was a
battery of tests that included various dating
techniques (AMS, OCR), soil chemistry and
granulometry, phytoliths, and inductively
coupled plasma (ICP) analysis to obtain
profiles of elements in 41 samples. The ICP
analysis encompassed a wide range of
elements, but with special attention paid to
the heavy metals. In the interior, horizons
of heavy metals reflect episodes of
weathering during which the soluble, lighter
elements are carried away and the heavier
and less soluble elements are concentrated
in place. The heavy metals become the
signatures of periods of surface stability in a
landscape. Deposits without concentrations
of heavy metals indicate periods of rapid
deposition.
In the Laberinto Bajo south of Calakmul, cores contained prominent heavy metal
horizons at the surface and at about 500 B.C. We believe this reflects a period of deposition and
weathering of the bajo bottom before 500 B.C. (780 B.C. AMS on soil = mean residence time).
After approximately 500 B.C., the weathering surface was buried under a layer of calcareous
sediments. They correspond to the earliest large-scale building episodes in Calakmul and other
cities along the edge of the bajo. The calcareous horizon is thought to have eroded from slopes
and surfaces above the bajo. The erosion could have been caused by humans deforestating the
slope for excessive reuse of milpa patches without sufficient fallow intervals to maintain the
large population engaged in architectural pursuits. It may also have been caused by excessive
use of the forests for converting limestone to plaster for architectural uses (Hansen, Bozarth,
Jacob, Wahl, and Schreiner 2002). The upper level of heavy metals reflects 1,000 years of
weathering since the abandonment of the interior cities after the Terminal Classic (AD 800-900)
period.

Other researchers have found similar patterns of intensive Preclassic/low population
density erosion. McNeil (2006:147) found decreased pollen concentrations in the Middle and
Late Preclassic at Copan indicating rapid deposition. Anselmetti et al. (2007) have cored
sediments from Lake Salpeten in northern Guatelmala. They found human impact on sediments
between about 1,000 B.C. and A.D. 900. The period of greatest deposition was between 700
B.C. to A.D. 250, also in the Middle and Late Preclassic, also under relatively low population
densities. Anselmetti et al. (2007:917) cite several other similar findings.
In summary, the cycles of deposition, erosion, and urbanization in the upper end of the
Candelaria River drainage are synchronized with the cultural phenomena. They indicate that the
flourescences of architectural activity coincided with periods of optimal climate that are
moderate of precipitation and with contrastive wet and dry seasons. Moderate precipitation and
high milpa productivity are key features of the occupation of the interior Yucatan Peninsula by
large urban aggregates. The most intensive erosion was in the Preclassic, which corresponds to
findings elsewhere in the Maya domains. In the next section, we turn to the lower end of the
Candelaria River system for additional insights into this urban, moisture, and global-change
dance.

Maya Agriculture and World Climate
In his book on worldwide impacts of agriculture and urbanization on global climate,
Ruddiman (Ruddiman 2005a; 2005b) found that the carbon dioxide content of the atmosphere
departed from what would have been expected at 5,000 B.C. and methane at 2,500 B.C. (Figure
4). Both mark the growing presence of humans as players in influencing atmospheric
composition and global temperature. However, methane has a much greater effect on global
temperatures than carbon dioxide. Ruddiman’s theory assumes that the earth should have
experienced a sustained cooling following 9,000 B.C. because of precession of the earth’s
rotation and the related solar emissions effects that cycle precipitates (Expected Values in Figure
4). However, the observed values of methane (a strong greenhouse gas) departed significantly
from expected values presumably reflecting global temperatures.
Examining our findings in light of these global measurements, we suggest that the
counter trend of global warming in the first millennium A.D. was such that conditions in the
interior of the Yucatan Peninsula were ideal for agricultural productivity. Also, it is clear from
Ruddimen’s methane data that the Classic Maya period was one of relative stability (between
vertical lines) and this was followed by a sharp drop (the ninth century drought) and then a sharp
rise (the Medieval or Postclassic too-wet period). The Maya Classic conditions would have
included the ideal gardening climate discussed
above. After the Maya Classic, the global climate
entered a range of behavior that was adverse to
occupation by large population aggregates in the
interior of the Yucatan Peninsula. These
conditions included frequent too-long wet seasons
+-punctuated by cool drought due to volcanic
eruptions (Gill 2000). Ironically, the Maya may
have contributed to the too-wet Medieval
Maximum through methane emissions from their
wetland agriculture, a topic for future research.

Figure 4. Atmospheric methane, production of which Ruddiman (2005b) attributes to urban agricultural production
such as rice paddy farming, veered from expected values about 3,000 BC. The countertrend is flat during the Maya
Classic Period, but the Maya may have contributed methane from their bajo agriculture.

The Candelaria Terminos Panlao Core
In January 2000, a series of 12 cores (Tebbens and Borg 2001) were drilled into the
sediments of the Laguna de Terminos and nearby deltas of the major rivers of the Campeche and
the Guatemalan highlands (Figure 5). The core on the Candelaria River delta was drilled to
sufficient depths to reveal the total period of Maya civilization. Our intention was to compare
this core with previously analyzed cores from the Laberinto Bajo near Calakmul 170 km to the
east. As with the Laberinto Bajo cores, samples were subjected to dating and elemental analyses.
Figure 5. Coring in the
Campeche/Tamaulipas Coastal Zone.

The core was placed in the
Candelaria River delta at the
transition from freshwater river to
brackish lagoon some 15m from
the main river channel. It was
about 1 m about the water level at
the time the core was taken. The
sediments penetrated by the core
(Table 1) were a sequence of
interbedded clays and peats.

Table 1. Laguna Panlao Core Description (Tebbens and Borg 2001)
Date: 25/1/2000
Location: 18°33'68" N - 91°15'25" W
Environment: At transition from freshwater river delta to brackish lagoon some 15m from main
river channel of Candelaria River.
Vegetation: A few mangrove indicator species (only at fringe), lots of palm trees (Washingtonia,
Cocos nucifera), Lianas, no ferns, no Eichornia
0 - 0.12 m-Dark brownish-black, clayey peat
0.12 – 0.22-Light brown, peaty very heavy clay
0.22 – 0.37-Very heavy, light brown, low organic clay, no snails
0.37 – 0.56-Very heavy, gray, low organic clay, no snails
Relatively sharp transition 1 to:
0.56 – 0.80-Very heavy, dark-gray, medium organic clay, no snails
Relatively sharp transition 2 to:
0.80 – 0.93-Rather compact peat, little clayey, no snails
0.93 – 1,00-More loose (compared to 0.80 - 0.93) peat, little clayey, no snails
1.00 – 1.05-Very heavy, beige, organic, loose clay, no snails
1.05 – 1.15-Very heavy, grayish-beige, less organic, loose clay, no snails
Rather sharp transition 3 to:
1.15 – 1.30-Brownish clayey peat, lots of rootlets, no snails
1.30 – 1.50-Compact, blackish-brown, little clayey peat, no snails
1.50 – 2.00-Compact, brown, non-clayey peat, no snails, no clear subunits,
2.0 – 2.95-Compact, brownish-black, non-clayey peat, no snails, no clear subunits,
somewhat loose towards the bottom

Relationships between Bajo and Terminos Cores
Given the circumstances of the core, it is assumed that the peats represent mangrove
deposition in periods of medium sea level, and higher clay-content levels indicate episodes when
the location was seasonally submerged and accumulating terrestrial sediment from overbank
deposition. The sharp transitions are periods of low sea level when the location was being
eroded.
From what is known archaeologically and sedimentologically of the interior, one would
anticipate that terrestrial sources of clay would have been most active during periods of
deforestation of land because of overuse, most notably the last 30 years since deforestation of the
region, and during the Maya Preclassic (200 B.C.-A.D. 200) as discussed above. The geological
platform is assumed to be isostatically stable. Tanner’s (1993) sea level curve will be used as a
general reference for 50 year interval sea levels. Fifty-year time intervals are of interest to us
because they resemble the resolution of the archaeological recovery of culturally filtered
patterns. In addition to the depositional processes reviewed above from interior archaeological
data, the sea level curve also indicates high sea levels at around A.D. 500 and 1200, and low
stands at 600 B.C., A.D. 800, and A.D. 1600 (see the green line in Figure 2). Tanner’s sea level
curve was developed by analysis of beach ridge sands in Denmark. However, it is relevant to the
Gulf of Mexico area because similar tests were performed at Johnson Shoal, St Joseph Island,
and St Vincent Island in Florida and Mesa del Gavilan Island east of Brownsville, Texas. The
results indicated similar sea level changes in those locations as in Denmark (Tanner 1993:222).

Although the sea seems to have risen to near its current levels about 8,000 years ago and
become relatively stable after 7,000 years ago (Day, Gunn, Folan, Yáñez-Arancibia, and Horton
2007), most indicators of sea level in the southeastern United States stabilized about 4,000 years
ago. The exceptions are clay dunes on the Texas coast, which indicated high stands at 6,000
years ago. Other areas with sand beaches do not manifest evidence of stabilization until about
4,000 years ago (Brooks, Stone, Colquhoun, Brown, and Steel 1986). On the coastline nearer to
Laguna de Terminos, at the archaeological site of San Andrés in Veracruz, solid evidence
indicates the buildup of estuaries at 7,000 years ago soon after worldwide sea level stabilization
(Pope, Pohl, Jones, Lentz, Nagy, Vega, and Quitmyer 2001). The bottom of the Laguna de
Terminos core at 2.95m below the surface dated by AMS to 5,015±50 BP C14 (3,760±50 B.C.
calib.) (Tebbens and Borg 2001) suggests that the deep, thick peats near the bottom of the core
represent the buildup of mangrove somewhat later than on the Veracruz coast. Whether this is
due to differences in elevations or processes remains to be investigated. It may be that a
different core would yield another two thousand years of important and interesting ecological
history. Siemen’s (2009) work in the middle Candelaria indicates initial human clearance of the
uplands around 7,000 years ago, a time comparable to the Veracruz coast clearing.
Sharp transitions are normally interpreted to represent low sea stands during which the
surface eroded. Three were observed in the Panlao core (Figure 6. B). These we can pose by
correlation with A.D. 1,000. Tebbens and Borg (2001) suspect, based on dating, that a
significant interval of time is compressed between 1.30 and 1.46 m below the surface. This
interval may, according to the best combination of radiocarbon dates, be as much as 2,430 years
(1470 B.C. to A.D. 960 calib). Unfortunately, this spans the entire Preclassic and Classic periods
of archaeological chronology. Phosphorus (methods discussed next) is plotted in Figure 6. C. A
temporal mask that correlated the core chronology with calendar dates (Preclassic, Classic,
Postclassic) has been imposed on this phosphorus trajectory and will be used through the
remainder of the article as a time frame. As can be seen, there is a peak in phosphorus during the
Preclassic Period, which may correspond with the globally warm Roman Optimum (200 B.C.A.D. 200) during which sea levels trended higher. While we need not be overly optimistic about
what can be compressed into 20-30 cm, there may be a weak sea level signal, even in this much
compressed segment of the core. This question will be further addressed by comparison with
other elements below.

Figure 6. Panlao Core Dating (A), Sedimentological Profile (B), Phosphorus Concentrations (C), Tanner Sea
Levels (D), and Sea Level Dates/Climate Episodes (E).

Tebbens and Borg (2001) suggest that high accretion rates between 1700 and 1470 B.C.
could represent Maya deforestation and denudation of the interior. This erosion would
correspond to the Early Preclassic, somewhat earlier than other studies cited above. Several
ideas alone or in combination may explain the apparent misfit. It could be that the dates are
askew. There may be as yet undetected erosional events in the coastal plain; Scarborough (1998)
points out that settlement would have been perhaps a half millennium earlier in the coastal zone
than in the interior, a date range that would move coastal plain erosion back into the Early
Preclassic. The date 1,700 B.C. is during a period of increased estimated precipitation in the
Candelaria watershed at the end of the Middle Holocene. It could well be that a marked change
in the rainfall regime helped generate the high accretion rates.
Were additional research to be conducted in the Candelaria River delta, this sequence
suggests the need for a series of cores from offshore-to-near-shore locations back from the coast
to detect the changing loci of deposition. A research design could be devised based on variable
thickness of strata and radiocarbon dating of transitions similar to the one followed in this core.
It may be that mangrove serves its most important purpose in such a research design by insuring
high carbon content and, therefore, datability.

Methods of Analysis
In this study of the Panlao core, our intention was to compare it and the Laberinto Bajo
cores (Gunn et al. 2002). Nineteen of the elements run on the bajo cores proved useful (Al, B,
Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Pb, S, Si, Sr, Zn). The primary, additional issue
for the Panlao core is sea water. Strontium, which was observed in the bajos cores, was of

particular interest as it is proportional to the sea level (Gunn, Lilly, Claassen, Byrd, and Shea
1995).
The scope of the analysis was set as follows. The bottom of the core is dated at 5,500
years before the present. If a sample were taken every 1 cm down the core, it would require 295
determinations and the temporal resolution would be 18.64 years on the average although
varying with accretion rate. This level of effort was determined to be beyond the resources of
the current project, but should this project prove fruitful, an additional, more intensive sampling
regime may be attempted in the future, especially in the ranges of low accretion rates. For this
project, the number of samples was adjusted downward to one-in-three samples, a sample every
three cm, which provides an average temporal resolution of 55.92 years. A temporal resolution
of approximately 50 years conforms to the general goals of studying several climatically
sensitive locales in the Yucatan Peninsula and Southeastern United States at this resolution
(Gunn 2000). It halves the 100 years resolution of our 1994, 1995 modeling of climate change in
Campeche, and could provide new temporal insights into the environmental context of the
Classic Period Maya. A second core was analyzed from near the mouth of the Grijalva River
and will be presented at a future date.
The ICP analysis of 3 cm interval core samples proceeded as follows. The sediment
samples were extracted by heating approximately one gram (weighed to 3 decimal places) of dry
sediment to about 120 degrees C with 5 mls of concentrated trace metal grade nitric acid for a
day. The solution was then evaporated down to about 1.5 mls, diluted to 50 mls, mixed well, and
then analyzed after the solids have settled and there is a clear supernatant (no suspended clay
particles). Thus, any metals within the crystalline lattice structure of clay minerals were not
extracted. The extraction removes all elements that are adsorbed to soil minerals, bound by the
organic matter associated with soil minerals, and associated with any amorphous iron and
manganese oxides. The extraction does not contain what would be biologically available (as for
plant uptake) since some of these processes hold elements firmly, but, it does present those
elements that could potentially be released to mobile or biologically available forms. It
represents the totality of potentially reactive elements. The sample solution data was converted
to a concentration based on sediment sample dry weight.

Results
Twenty-two elements were observed by ICP analysis from 62 samples (Appendix A).
All of the elements were present in quantities that exceeded the sensitivity threshold of the
instrument. Means for elements (Table 2) ranged from 1.2 ppm for cadmium (Cd) to 35,521
ppm for sulfur (S). The lighter elements (Atomic Weight) are present in the sediments in much
greater quantities than the heavier elements.

Table 2. Summary Statistics for Panlao Elements (HM=//, Abs=Absent, Wt=weight)
Element
Aluminum
Arsenic
Boron
Barium
Calcium
Cadmium
Cobalt
Chromium
Copper
Iron
Potasium
Magnesium
Manganese
Molybdenum
Sodium
Nickle
Phosphorus
Lead
Sulfur
Selenium
Silicon
Zinc

Symbol Maximum Minimum Average StDev PresBajos AbsBajos AtomWt
Al
49610.1 8491.1 19677.8 6505.3 XXX
27
As
9.9
0.0
2.7
2.0
XXX
75
B
172.9
41.8
86.3
33.3
11
Ba
54.4
8.5
21.0
11.4
137
Ca
30000.0 3423.1 15087.9 6950.8
40
Cd
2.4
0.5
1.2
0.5 XXX
XXX
112
Co
27.4
4.1
13.1
6.6
59
Cr
126.1
28.9
76.0
25.3
52
Cu
21.5
3.4
9.1
4.7 XXX
64
Fe
30395.0 4815.5 13279.7 6396.4 XXX
56
K
3401.6
523.6 1165.9
502.7
39
Mg
8252.2 3746.4 5901.3
950.4 XXX
24
Mn
178.6
32.3
64.2
22.5
55
Mo
43.7
1.4
9.3
7.5
XXX
96
Na
11362.3 3468.9 7548.0 2024.1
23
Ni
117.8
46.1
70.4
18.1 XXX
59
P
461.1
42.4
161.4
120.0
XXX
31
Pb
468.4
1.5
141.8
142.1 XXX
207
S
64432.5 3588.5 35520.7 16469.3
32
Se
39.2
9.2
20.3
7.5
XXX
79
Si
2126.9
323.5 1172.7
245.2
28
Zn
52.4
11.9
28.1
10.6 XXX
65

Proportions of Elements in the Laberinto Bajo and Laguna de
Terminos
A comparison of the elements found in the Laberinto Bajo cores and the Panlao core
(Figure 7) indicates a down-stream concentration of elements. Not surprisingly, calcium
comprises the larger proportion in the bajo, but most other elements are more abundant in the
Panlao core. The greater abundance of elements at Panlao is most notable in the elements that
are least evident in the bajo cores. The elements leached from the interior were deposited at
Panlao. (The sea also may be playing an equalizing role in supplying quantities of these
elements through ground water to the Panlao core.)
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Figure 7. Proportions of Elements in Bajo and Lagoon. Light elements are more abundant in the bajo, heavy
elements more abundant in the lagoon.

Our initial reaction to finding more heavy elements in the lagoon than in the bajo was that
the relationship was reversed from what would be expected. Why would the heavy elements not
be more abundant in the weathering source, the interior bajo, and the lighter, more transportable
elements more abundant in the low-end lagoon? A possible explanation is that the influence of
the sea, circulation along the shore might be bringing in volcanic sands from other sources. For
example the Usumacinta River, which also empties into the Laguna de Terminos, and which has
its origin in more volcanically active zones, might be part of the heavy element picture. Also,
Tebbens and Borg (2001) and Nooren et al. (i.p., Pozo Petrolero core) found volcanic ash strata
in the core, so part of the problem might be atmospheric in origin. This issue will be dealt with
in a subsequent section.

Calcium-Sulfur Proportions
In El Laberinto Bajo cores, calcium and sulfur occurred in somewhat complementary
amounts depending on depth. Large amounts of calcium were concentrated toward the top of all
cores. Large amounts of sulfur (gypsum) resided at the bottom. These differences were thought
to depend on the greater solubility of sulfur and the denudation of the bajo perimeters by humans
during periods of intensive land use (Gunn et al. 2002). Because sulfur is more soluble, it would
be dissolved and eroded more rapidly than calcium.

Figure 8. Calcium and Sulfur proportions Differ Between Bajo and Lagoon.

In the Panlao core, sulfur and calcium (Figure 8) display similar values throughout the
depth of the core increasing toward the bottom. Since the two elements are differentially
soluble, the correlation between them implies that they arrived at the core location mixed and in
equally mobile states, such as in small particles.

Lead and Weathering Horizons
In the bajos, lead was the most observable indicator of weathering horizons. As lighter
elements were dissolved and carried away, heavy elements, especially lead remained because it
has the greatest atomic weight of any element and it is relatively insoluble (see Table 2). Two
weathering horizons were detected in El Laberinto bajo, one before 500 B.C., before the Maya
deforested the slopes above the bajo, and a Postclassic/Historic horizon. Lead is also interesting
because the Romans famously polluted the entire planetary atmosphere by smelting great
quantities of it. A lead horizon contemporary with the Roman Empire might result from those
activities.
Six spikes appear in the lead profile of the Panlao core (Figure 9). The first is during the
Terminal Classic. This suggested to us that the Terminal Classic might represent a period during
which the Maya lost control of an otherwise sustainable erosion regime. Anselmetti et al.’s
(2007) Lake Salpetén core discussed above clearly shows diminished erosion during the period
of highest human occupation (Classic) in a 3.8km2 catchment. The lead concentrations in the
Panlao core suggest that the greater scale of the Candelaria drainage (over 13,000km2) also
experienced reduced erosion during the Classic period, but there was a spike of severe erosion
during the Terminal Classic. This might correlate with greater social disruptions in the

Candelaria drainage. For example, the zones of the Structure II pyramid at Calakmul were
intensively occupied during the Terminal Classic by intruders from the north (Folan, Gunn, and
Domínguez Carrasco 2001; Folan, Gunn, and Domínguez Carrasco 2003; Folan, Marcus,
Pincemin, Domínguez Carrasco, Fletcher, and López 1995). They would have been unfamiliar
with the horticultural practices by which the Classic occupants controlled erosion.

Figure 9. Lead Profile from the Panlao Core.

Multi-Factors and Bears (Aggregates of Elements)
Some information can be gathered by sorting through the elements one at a time as above.
However, it is more informative to examine the data as aggregates of correlated elements. This
approach provides a more holistic perspective on processes in the total system because the
aggregates of elements are interactive subsystems within the whole.
We have spent considerable effort on a model we consider to be key to understanding the
interaction of global climate and local humans in the Maya lowlands and probably elsewhere as
well. It is referred to conceptually as the “three-bears model”. In this model we propose that
there is a moderate global temperature at which the balance between locally developed
horticulture, rainfall and biota are most efficient. It is a tripartite division of climates that
appears to at least make large cities possible in the interior through ideal horticultural conditions
(Gunn, Folan, and Robichaux 1993). The three-bears model, we believe applies to the general
ecology of the region as it represents an ideal mix of seasonality and rainfall for local vegetation
and crops.
The three-bears model emerged from ethnographic, hydrologic and climatic analysis of
the Candelaria River watershed and the horticultural patterns of its people (Gunn and Folan

1996; Gunn and Folan 2000; Gunn, Folan, and Robichaux 1994; Gunn, Folan, and Robichaux
1995). It is composed of three scenarios, one optimal and two less optimal for quantity and
seasonality of precipitation. Moderate global temperatures produce moderate amounts of
precipitation with contrasting wet and dry seasons. The contrasts in seasons are important to the
annual cycle of slash and burn horticulture: dry for burning and wet for growing. From a global
perspective, colder or hotter temperatures either diminish or increase local precipitation out of
the ideal range by changing the location of the boundary between the too-moist tropics and the
too-dry subtropics on the Yucatan Peninsula. We refer to this tripartite division of climate as the
three-bears hypothesis: precipitation and seasonality can be either “too much”, “too little”, or
“just right”. “Just right” being the preference of most life forms at all scales in the region. We
would feel more confident in this systemic analysis if the three scenarios could be identified as
subsystems in El Laberinto-Panlao cores data. In other words, they should be identifiable as
aggregates of variables.
To obtain the aggregate patterns, the elements were reduced in complexity by
transforming the original data (22 variables or elements) to aggregates or factors of elements
representing subsystems in the Candelaria delta depositional system. Factor analysis (Rummel
1970) showed that the original 22 elements observed in the core samples can be reduced to five
aggregates of elements, or factors, that retained 85.1 percent of the original variance in the data
(Table 3). Varimax rotation of the factors was used because it is less susceptible to sampling
error than straight-forward principle components analysis (Goldenberg, Landsea, Mestas-Nunez,
and Gray 2001).

Factor
Depth
Lead
Barium
Cadmium
Molybdenum
Selenium
Arsenic
Zinc
Copper
Cobalt
Nickel
Iron
Manganese
Chromium
Calcium
Potasium
Sulfur
Phosphorus
Silicon
Aluminum
Magnesium
Sodium
Boron

1
-0.58
0.45
0.12
0.68
-0.27
0.75
0.37
0.71
0.76
0.12
0.48
0.60
0.12
0.68
-0.29
0.93
-0.59
0.80
0.13
0.80
0.65
-0.63
0.44
7.6
33.0
33.0

2
-0.71
0.58
-0.78
0.34
-0.26
0.17
0.24
0.33
0.32
0.47
0.19
0.34
0.11
0.46
-0.79
-0.02
-0.75
0.41
0.01
0.05
-0.24
-0.61
0.33

3

4

-0.28
0.14
-0.04
0.52
0.77
0.07
0.69
0.31
0.25
0.71
0.57
0.63
0.13
0.19
-0.33
0.08
0.01
0.12
-0.12
0.15
-0.25
-0.14
0.64

-0.11
0.53
0.05
0.34
-0.07
0.52
-0.20
0.42
0.06
0.31
0.45
0.26
0.86
0.33
-0.20
0.11
-0.19
0.14
0.14
0.10
0.59
0.01
0.39

4.4 3.5
19.3 15.3
52.3 67.6

2.8
12.0
79.6

Atomic Wt.

Absent in Bajos

Present in Bajos

Symbol

Communalities

Silica Spike

Too-Dry

Heavy Elements

Too-Wet

Just-Right

Element

Table 3. Panlao Core Five Factors From 22 Elements (varimax rotated factors method).

5
0.13
-0.23
-0.15
0.09
-0.25
0.09
0.00
0.14
-0.11
0.04
0.25
0.01
0.18
0.04
0.03
0.19
0.01
-0.10
0.84
0.42
0.06
0.03
-0.16

0.96 Dep
0.90 PB
0.65 BA
0.98 CD
0.80 MO
0.88 SE
0.70 AS
0.91 Zn
0.76 CU
0.84 CO
0.86 NI
0.95 FE
0.81 MN
0.82 CR
0.86 CA
0.92 K
0.96 S
0.85 P
0.76 SI
0.85 AL
0.90 MG
0.79 NA
0.89 B

X
X

X
X
X
X

X
X
X
X

X
X
X

207
137
112
96
79
75
65
64
59
59
56
55
52
40
39
32
31
28
27
24
23
11

1.3 Eigenvalue
5.5 %Variance in factor
85.1 Cum %

The deposition of heavy elements is expected to represent the most extreme case of erosion,
probably drought combined with human occupation (too-dry). To make Table 3 easier to read in
this perspective, it is sorted on the atomic weight of the elements with the heaviest elements at
the top. Briefly, the aggregates of elements appear as follow:
Factor 1 has all of the elements that appeared in the Laberinto Bajo cores (compare numbers
greater than +/- 0.40, highlighted in yellow/gray, to “Present in Bajos” column of Table
3). They are all signed positive, meaning they increase with time: lead, cadmium, zinc,
copper nickel and iron (see also Figure 9). On the negative pole of the factor are sodium
and sulfur, which is to say that both decrease with time (depth). It might represent the
same just-right biotic regime as the bajo cores, i.e., substantial intervention in landscape
formation with positive efforts to limit erosion. Sodium decreasing with time suggests
elevation above sea level and lead etc, increasing could be human-induced sedimentation.

Factor 2 has both calcium and sulfur suggesting it as the pattern of sediments whose origin are in
the local Candelaria drainage; the Candelaria River drains a limestone platform. That the
two elements of differing solubility came together suggests that they arrived as particles
rather than in solution. Their amounts correspond to that of sodium, decreasing through
time. They could be the result of early, slightly above sea level deposition or near shore
deposition in the early period of the core, a surmise supported by a decided decline in
their prevalence around 1700 B.C. (3700 B.P.), a time of abrupt sea level rise at the end
of the early Late Holocene regression (see Figure 6, Tanner sea level curve). The sodium
(sea water) would have infiltrated with time and perhaps be deposited from brackish
swamps if they condensed sufficiently to precipitate salt. This factor may represent the
too-wet regime, large amounts of discharge bearing lighter sediments to the coast, with
the heavy elements being held in moist weathering horizons in the interior.
Factors 3 and 4 need to be examined together as the both contain heavy elements almost
exclusively. The two aggregates, then, must represent inputs of heavy element-bearing
sediments into the delta, or other phenomena such as volcanoes. If factors represent
flushing of heavy element-bearing sediments from the land, then they should be
accompanied by other indications.
Neither factor is associated with depth, so the influx of heavy elements caused by
these factors are episodic rather than trendy over time. This is clearly the case as is
shown by the factor scores in Figure 10.
There are three spikes in Factor 4 (Figure 10D). One resembles the lead spike in the
Terminal Classic as noted relative to Figure 9, one in the Postclassic, and one about the
beginning of the Historic period. The Terminal Classic was during the famous ninth
century drought (Folan 1981; Hodell, Curtis, and Brenner 1995), and the second might be
contemporary with a 14th century eruption of El Chichon, an event of worldwide cooling
and its consequences such as the black death in Europe (Nooren et al. i.p.). The early 16th
century also experienced an event of volcanism of unknown origin (Nooren et al. i.p.).
It is safe to suggest that at least the Factor 4 erosion events and influxes of heavy
elements were associated with too-dry (globally to cold) subsystem of the model based on
correlations with events; further proof can be expected from testing for sources of the
volcanic debris.
The next question is what does factor 3 represent? It has two major spikes, one in the
Postclassic and another in the early Colonial period. Comparing the two factors, the
suites of elements in the two factors overlap only in both containing nickel. This suggests
very different sourcing. If all of the elements from the bajo appeared in one or the other
it would be helpful. Neither contains all or very many more of such elements than the
other (compare “Present in Bajos” column). Of the two non-weighty elements, one
contains Boron (Factor 3) and the other Magnesium (factor 4), not immediately helpful.
That lead is present in the bajo and in factor 4 leads one to suspect that it is of interior
origin conforming to the other argument above. That, coupled with the fact that it
appears to have some relationship to events in the interior such as the ninth century
drought leads to the tentative conclusion that its origin is terrestrial and that it represents
the too-dry world. Factor 3 remains mysterious and requires further research. It might
only differ from factor 4 in subtle ways such as sources of volcanic ejecta and the impact
the eruption had on climate.

Figure 10. Factor Score Trajectories for Five Varimax Factors. The three sharp transitions discussed in the soil
profile description (Table 1) are represented here as three dark horizontal lines. They are thought to reflect sea
level low stands at the location of the core, which exposed the surface to erosion. They are, in effect, warnings that
data may be missing due to erosion episodes. Tebbens and Borg (2001) believe there may be another hiatus around
1.30-1.60 cmbs (Preclassic/Classic). This would correspond to Unit G El Chichon tephra (Nooren et al. i.p.),
perhaps representing the transition between these two periods.

The fifth factor contains the influence of a silicon spike in the Postclassic and possibly similar
events at the beginning and end of the core sequence. Nooren et al. (i.p.) found that layers of
strata with high amounts of volcanic debris in them contained considerable silica in the form of
sponge spicuals and diatom skeletons, both creatures that consume silica. That the factor 5 silica
spike follows the factor 4 sediment influx presumed to be related to the 14th century El Chichon
eruption may reflect such a process.
In summary then, we can assign each of the factors to some kind of Earth system
phenomenon and its impact on local environment, though not without much confidence at this
point in time. This research does, however, make the way clear for further investigations that
that could verify the associations. Most importantly will be correlating the various tephra layers
with known events to obtain a more secure chronology. Secondly, more information is needed
on the character of the sediments to characterize the influxes of sediment and provide better
information of the subsystems and their association with climate regimes.

Summary
In the interest of discovering additional insights into how the Maya sustained large urban
populations in the environmentally hostile interior basins, a sediment core was taken at the
mouth of the Candelaria River watershed at the Laguna de Terminos. The core was dated by
AMS and analyzed by ICP for 22 elements. The elements were in most cases comparable to the

elements analyzed in an earlier series of cores in the Laberinto Bajo below Calakmul 170 km to
the east.
Comparing the cores showed that on a long term basis, the erosion and transfer of
elements from the interior to the coast was as expected. The lighter elements such as calcium
and sulfur appear at about the same levels in both environments. However, the heavier elements
such as lead, arsenic, selenium, and molybdenum were accumulating in the coastal environment
in inverse proportion to their occurrence in the bajo. Also, there were a number of elements that
occur in the lagoon sediments that do not appear in the bajo. The spikiness of Factors 3, 4 and 5
suggest that these elements were on the main carried in by episodic depositional events such as
would be expected from floods and eruptions.
Lead appears to be ubiquitous in the system. We assume that it is somewhat immune to
the extraneous lagoon depositional sources. While dating processes and events indicated in the
core proved difficult, especially in the Preclassic and Classic periods, the existing data do
indicate that unusual movements of lead to the coast did not occur during antiquity but rather
transpired during the Colonial Period or perhaps the late Postclassic. In aggregate, the
movement of lead during the Preclassic/Classic is the lowest of any period in the record. (This
may be due to slow accretion rates or even a depositional hiatus.) Interpreting this fact at face
value suggests that the Maya may have taken special measures to prevent significant removal of
sediments to the sea. We know from both Calakmul and Edzna that they undertook massive
public works such as canals, aguadas, terraces, walls and roads (sacbes) that would have
conserved both land and water. There is a small spike in lead concentration in the lagoon during
what could be the Terminal Classic around A.D. 800-900. This may reflect events related to the
great ninth century drought, essentially the loss of control of the environment by the Classic
Maya. There also appear to be spikes of deposition during severe climate and eruptive events
such as the fourteenth century and the beginning of the Colonial period.

Conclusions
What were the optimal conditions for maintaining urban populations in the interior of
Campeche state? As with previous analyses of climate (discharge of the Candelaria River),
ethnography (seasons of planting), archaeological excavations (water facilities and fields) and
bajo sediments (build up of land on the bajo edges), the analysis of the Laguna de Terminos core
brings another perspective to the total problem of building and sustaining cities in the interior of
the Yucatan Peninsula and the state of Campeche. The perspective offered by the lagoon core,
is, as we had hoped, a measure of the outflow of elements from the landscape designed by the
Lowlands Maya.
The analysis shows that the sustaining conditions of long term flow delivered a diet of
elements that were stripped from the interior uplands enhancing their presence at the lagoon
edge. Perhaps it is noteworthy that in spite of the erosion of calcareous uplands documented in
the interior bajo cores, the erosion of the heavy element lead seems to have followed the Classic
period. This suggests that the Maya may have been able to contain serious erosion that resulted
in the removal of heavy elements to the sea. This seems to have come in early Colonial times
and has been declining since. Thus the obverse of sustainability are early Colonial practices,
with the Maya possessing the more sustainable, erosion-preventing practices.
What is generally known of Maya horticultural practices heretofore is that they caused
erosion of slopes above the bajos (Deevey, Rice, Rice, Vaughan, Brenner, and Flannery 1979;
Gunn et al. 2002), with resulting sediments deposited on the bajo floor at the edge. In previous
publications we have suggested that the edges of the bajos were not horticulturally productive
until they were calcified by these hill-side sediments. Unfortunately, from this analysis we have

little resolution for the Preclassic and Classic but can only understand the long term processes.
However, from the small amount of heavy elements in the lagoon, we can infer that the Maya
halted the erosion process at the bajo edge and were able to sustain that condition through the 12,000 years of their civilization in spite of periodic climatic disruptions. Future research should
be directed toward filling this information gap. It may come from additional resolution on the
Panlao core, from the other cores collected in this project, or it may require additional coring of
the Laguna de Terminos margins.
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