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Late Classic Climate Change and Societal Response in the
Maya Lowlands!

Benjamin Keenan, McGill University

Abstract: This article summarises the scientific methods used to study past climate in the Maya
Lowlands. It also provides an overview of the strategies employed by the ancient Maya to adapt to
natural climate change and address issues associated with their growing population. The Maya response
to these challenges, including to severe droughts between 800 and 1000 CE, culminated in a societal
restructuring sometimes referred to as “the Classic collapse.” The story of the Lowland Maya may serve
as a “lesson” going forward, as we confront similar issues in the twenty-first century, e.g., food
insecurity, water scarcity, pandemics, and waste management, all in the context of anthropogenic
climate change. The ancient Maya experience might provide useful insights, given that the effects of
modern-day climate change are already being felt.
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nthropogenic climate change is now viewed as an existential threat that requires society to

question how we live, and how to use resources more sustainably. The increase in atmospheric

CO;, from about 280 ppm prior to the Industrial Revolution (ca. 1850) to approximately 411
ppm today? has led to an increase in the number and severity of extreme weather events — extensive and
frequent forest fires, and coastal flooding due to rising sea levels. Numerous ancient societies were also
confronted with the effects of climate change. In the absence of instrumental and/or anecdotal evidence,
scholars use a combination of archaeological, geochemical and biological tools to gain insights into
how climate changed through time and how ancient people responded to those changes. This article
provides an overview of the way in which the Lowland Maya of Mesoamerica were impacted by climate
change and how they chose to respond to it.

Climate Change and Ancient Societies

During the Holocene era, the epoch that began approximately 11,500 years ago — from the end
of the last glacial period until today — climate is thought to have been controlled by orbital forcing of
solar insolation, ocean circulation, ocean-atmosphere interactions, and solar activity variability. 3
Holocene climate was previously thought to have been stable, but we now understand that considerable
climate variability was in fact the norm. Dry periods in prehistory have been correlated with times of
social upheaval, which led in some cases to large-scale restructuring of society, this period of chaos is
sometimes referred to as a “collapse.” Numerous societies were affected by climate variability,
including the Akkadians in Mesopotamia, the Khmer in Cambodia, and the Lowland Maya of southern
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Mexico and northern Central America.* This article focuses on the latter to illustrate the complex
relationship between climate, environment and society.

Background of the Lowland Maya

The Lowland Maya were an ancient civilisation that experienced profound transformation
following a period of considerable climate change.® They had a complex organizational structure that
arose in the tropical forests of southern Mexico and northern Central America. Their civilization is
known for its unique architecture, beautiful polychrome pottery, profound knowledge of astronomy and
mathematics, and their highly developed written language and calendar systems.® The Lowland Maya
inhabited the Yucatan Peninsula, a region comprised almost entirely of low-lying karst bedrock. In the
northern part of the lowlands, cenotes (sinkholes), caves and wells provided access to the shallow water
table, whereas in the south, where the water table is much deeper below the land surface, rivers, lakes,
bajos, and reservoirs were the primary sources of drinking water. The Maya Lowlands are characterised
by intense seasonal rainfall, with a dry season from January to May, and a rainy season from late May
/ early June until early January, although the timing of the onset of rains can vary considerably from
year to year.” Rainfall is also distributed unevenly across the region. The northwest coast of the Yucatan
Peninsula is very dry, but annual rainfall increases southward.

The Lowland Maya were affected by multiple environmental (e.g., droughts, floods, soil
erosion) and socio-political (population growth, disease, internecine warfare) factors at different times
throughout their history.® Two overarching questions are pertinent to the Maya context: 1) how did the
ancient Lowland Maya respond to documented climate variations? and 2) how did this complex human
society alter their tropical forest environment over thousands of years? Major time periods along with
their respective human cultural developments are shown in Table 1. To understand how Maya cultural
development was related to environmental changes, we must first uncover what the past environment
looked like. We will now move on to discuss the technigques used to reconstruct the palaeo-environment.

Table 1. Maya chronology time periods®

Period Estimated dates Major cultural developments
Postclassic 900/1100-1500 CE Reformulation and revival of states
Terminal Classic 800-900/1100 CE Decline and transformation of states
Late Classic 600-800 CE Apogee of lowland states

Early Classic 250-600 CE Expansion of lowland states
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Terminal Preclassic 100-250 CE Decline and transformation of states
Late Preclassic 400 BC-100 CE Initial states

Middle Preclassic 1000-400 BCE Growth in socioeconomic complexity
Early Preclassic 2000-1000 BCE Initial complex societies

Archaic 8000-2000 BCE Settled communities and agriculture
Paleo-Indian or Lithic | 12,000/20,000-8,000 BCE Initial settlement of the Americas

Inferring Past Climate and Population

Palaeoclimate and palaeoenvironmental inferences rely on the measurement of multiple proxies
found in natural archives (e.g., lake sediments, cave speleothems [stalagmites], tree rings, ice cores,
etc.). Proxies are substitute variables that are analysed when it is not possible to directly measure a
variable of interest, for instance past temperature. Palaeoclimate/palaeoenvironment archives are thus
used to establish baselines, pre-disturbance conditions, and to explore how ancient societies responded
to past climate and environmental changes. Proxy variables may include any of the following
components: stable isotopes (8°C and §'®0) of carbonate microfossils (snails, ostracods, foraminifera)
and speleothems, gas composition in ice core bubbles, tree ring width measurement, analysis of diatoms,
charcoal, pollen, and more. Data on past climate and environment in the Maya Lowlands have been
obtained largely from speleothems as well as lake and marine sediment cores. *° Lake sediments
incorporate a variety of environmental materials such as pollen grains, diatoms, charcoal, carbonate
fossils and diagnostic organic molecules (biomarkers). Biomarkers are sourced from specific,
identifiable organisms. They are resistant to degradation and accumulate in sediments of both marine
and lake basins. Lake deposits integrate materials from local and regional sources, these accumulated
sediment sequences contain continuous, high-resolution records of past environmental change.™* A lake
sediment core can thus provide information about changing conditions over long time periods.

Most palaeoclimate studies in the Maya region have relied on the measurement of oxygen
isotopes®? in the carbonate shells of sedimented lacustrine snails and ostracods. Such studies provide
information about past hydroclimate conditions, i.e. shifts in the relation between evaporation and
precipitation (E/P). When lake water evaporates during dry times, the light stable isotope of oxygen
(*°0) is preferentially lost as it evaporates faster, and the heavy stable isotope (*%0) is preferentially left
behind in the lake. During drier periods, i.e. when the ratio of evaporation to rainfall is high, there is
thus relatively more 20 in the lake water (the ratio of 80 to %O is higher) in comparison to wetter
periods. Organisms such as shails and ostracods preserve in their calcium carbonate (CaCOs) shells a
record of the oxygen isotopic composition of the lake water in which they lived. The shells are
incorporated into the accumulating sediment, thereby preserving a record of long-term shifts in E/P. For
such measures to be useful palaeoclimate proxies however, a number of conditions must be met. First,
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it is preferable to conduct such studies in hydrologically “closed-basin” lakes, in which nearly all water
is lost to evaporation, and shifts in E/P dramatically alter the lake water balance, that is the oxygen
isotopic composition of the lake water. Lakes that lose a substantial fraction of their volume to outflows
will not be sensitive recorders, isotopically, of changes in E/P."* Second, in some lakes, sediments
contain little or no biogenic carbonate material on which to measure the oxygen isotope composition,
So it is wise to seek lakes with carbonate-rich sediments.

The carbonate in cave speleothems also preserves a record of oxygen isotopic composition, and
stalagmites can frequently be dated very accurately using the radiometric dating uranium/thorium
method, where the abundance of a radioactive isotope (uranium 234) and its decay product (thorium
230) can be used with known decay rates to determine the age of a material."* Speleothem oxygen
isotope records are interpreted in a way similar to lake sediment records. At cave sites, water infiltrates
into the ground above the cave, drips from the roof onto the floor, and degases carbon dioxide, thereby
causing carbonate deposits to form. The growing stalagmite records the oxygen isotopic composition
of the drip water that originated outside the cave which is then related to the amount of rainfall.”®
Speleothems have yielded some of the highest-resolution records of past climate change in the Maya
Lowlands. Speleothems provides high temporal resolution of palaeoclimate records which enables
scholars to make reliable correlations between past climate changes and documented historical events
from documented archaeological records. Well-dated, high temporal resolution, speleothem-derived
palaeoclimate records are even capable of detecting droughts of smaller magnitude and shorter duration.
They also allow for correlations with broader climate patterns, such as changes in the frequency of El
Nifio events and shifts in the position of the Intertropical Convergence Zone.®

Some lipid biomarkers, such as those produced in the leaves of terrestrial plants, are equally
valuable proxies for past climate conditions. Leaf waxes are synthesised by plants to inhibit water loss,
provide protection from UV light and disease, and are used as chemical barriers. * The relative
abundances of the stable isotopes of hydrogen (protium [*H] and deuterium [*H]) are understood in
relation to the hydrological cycle. Plants use water in the environment as a hydrogen source, thus the
hydrogen isotope composition of plant wax lipids is controlled by the composition of the water used
during growth. The hydrogen isotopic composition (8D) of rainwater is controlled by the temperature
of condensation, the amount of precipitation, the travel history of the air mass, and the evaporation of
the water. When water vapour condenses, the rain is enriched in heavier hydrogen isotope which is
relative to the vapour, and the remaining vapour becomes depleted in deuterium. The 3D in the tropics
is largely determined by the amount of rain. With increased rainfall, the oD is lower. Plants take up
water from the soil, whose isotope composition represents an amount-weighted average of precipitation
inputs, although this value can be altered by surface evaporation. This water is used in the biosynthesis
of plant waxes, thereby preserving the hydrogen isotopic composition.®
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Plant waxes are ubiquitous in lake sediments, whereas, as previously mentioned, carbonate
shells of aquatic organisms are not found in all lakes. Plant waxes also record the stable carbon isotope
composition (6'°C) of catchment vegetation, which reflects whether the plants used the Cs (most forest
trees) or C. (most tropical grasses) photosynthetic pathway, and can therefore be used to indicate past
vegetation type.'® The Maya cleared Cj trees to make way for maize agriculture. Corn is a C4 plant, and
therefore plant wax carbon isotopes can provide an indication of the relative cover of forest versus
savannah and agricultural plots. Plant waxes have been analysed in many places around the world,?
including the Maya Lowlands, as well as supplement palaeoclimate information derived from other
proxies. 2 Plant waxes can contribute to better understand the overarching questions about Maya
prehistory: 1) How did the relation between evaporation and precipitation change in the MayaL owlands,
and how might it have affected ancient Maya culture? and 2) How did the ancient Maya alter the
vegetation in the region?

Pollen of flowering plants and fern spores are dispersed by wind and animals (e.g. insects, bats)
and are also used to infer palaeoenvironmental change. Pollen assemblages might not be appropriate
for inferring climate change during the peak periods of Maya occupation, as human-induced
disturbances in pollen assemblages during those intervals likely obscured any signal related to climate
change.?® However, the pollen record from lake sediment cores provides invaluable information about
past vegetation change. For instance, Barbara Leyden presented a 36,000-year record of climate and
environmental change in the northern lowlands of Guatemala, using pollen data from a lake sediment
core.?® The record shows that during the Pleistocene period the climate of the region was colder and
dryer, but at the beginning of the Holocene period it became warmer and wetter. Until about 2000 BCE,
low numbers of people inhabited the Maya Lowlands region suggesting that pollen records from before
that time faithfully recorded the influence of climate on the regional vegetation. The Holocene pollen
record began to change ca. 1500 BCE as the human population grew and people modified the landscape.
Slash-and-burn agriculture increased the need for trees leading to greater forest clearance which is
documented by the relative decline in forest pollen types, an increase in charcoal deposition, and the
appearance of agricultural pollen types. Widespread deforestation was accompanied by rapid deposition
in local lakes of a thick, erosional, fine-grain clay level, sometimes referred to as the “Maya Clay.”?
Maize pollen is present in the upper levels of the Maya clay at Lake Salpeten. As deforestation
continued, pine and oak pollen were also transported into the lake. Various pollen assemblages show
changing land usage during the Late Preclassic, Early Classic, Late Classic, Late Classic collapse, and
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the Postclassic periods. A change that was also visible during the post-Maya period with the recovery
of forests.?

Palaeoclimate data provides an important context for interpreting changes in the archaeological
record such as the indication that there was considerable climate variability throughout the period of the
late Holocene occupation, and that a series of droughts occurred between 800 and 1000 CE, coinciding
with archaeological evidence for social upheaval and cultural disintegration.? Palaeoclimate and palaeo-
ecological records have a great deal to offer in terms of data and can help provide additional information
to compliment existing archaeological records. The development of new approaches such as using the
oxygen-17 isotopic composition of water trapped in gypsum to infer palaeohydrology, has allowed
researchers to estimate the quantitative reduction of past rainfall > and is leading to more refined
palaeoclimate reconstructions.?” In addition, allowing the application of novel methods, in determining
past population change, to be independent of archaeological evidence can offer an opportunity to look
at the interaction of climate and population from a different perspective.

Emerging biochemical proxies, such as faecal stanols®® and bile acids,? can be used to estimate
past human population densities, and will help provide a narrative about ancient Maya responses to
climate change. The principle underlying the use of these molecules is that the amount of waste
produced by the local population and transported to the lake was proportional to the number of people
who lived in the catchment. Thus, stratigraphic changes in the quantity of a particular biomarker such
as coprostanol reflects shifts in the amount of human waste transferred to the lake, which in turn was
reflected of human population numbers. Archaeological approaches to inferring demographic changes
rely on identifying house structures and making assumptions about the number of inhabitants per
household and whether such structures were occupied continuously and simultaneously. Estimates also
rely on information about the size of the dwelling unit i.e., residential floor area per person,® and
sometimes include assumptions about hidden or “invisible” structures.®* The number of people per
household has often been estimated using modern Maya ethnographic studies, however, if these
numbers prove to be different for past Maya communities then we must remain sensitive to the possible
error to estimates of ancient population density.*? Moreover, LIDAR (light detection and ranging) has
proven to be another useful method of identifying potential housing structures and has revealed large
areas of structures hidden in the Maya forest, but such images do not provide a diachronic picture of
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changing occupation through time.* Lake core records offer the potential to test or complement
inferences based on traditional archaeological methods.

Mechanisms of Societal Restructuring or “Collapse”

Throughout their history, the Lowland Maya responded and adapted to various ecological and
environmental challenges, including severe s between 800 and 1000 CE. Some of the ways in which
they responded to these challenges are discussed in the following section.

Drought

Societal response to drought revolves around the reduced availability of water. Water is
necessary for drinking, bathing, and agriculture. In regions with pronounced wet and dry seasons, even
intra-annual water scarcity can pose a problem. Lisa Lucero, Joel Gunn, and Vernon Scarborough note
that excess water can be equally destructive, for instance, excess water can destroy infrastructure and
flood agricultural fields which will inevitably cause famine and compromise water quality.® There is
some archaeological evidence indicating this very problem in the Lowland Maya region. At Ucanal, a
site in northern Guatemala, there is evidence that the Maya implemented strategies to reduce the amount
of water at the site by constructing causeways and canals.® Intra-annual variability in water availability,
caused by intense seasonal rainfall, posed a serious challenge for the ancient Maya. Nevertheless, the
fact that lowland cities and towns flourished for many centuries shows that the ancient Maya developed
ingenious strategies to cope with the challenge of seasonal water scarcity.

They were able to access surface water from lakes and cenotes, in addition to going into caves
to retrieve water from the aquifer or from haltunes they had installed to collect cave drip water.
Moreover, they built chultunes (underground cisterns), dams and reservoirs to store water for future
use. Nonetheless, problems still afflicted the Maya when such water management strategies ceased to
function in the face of extreme climate conditions. In the Maya Lowlands, these problems arose when
severe droughts occurred and the systems designed to deal with seasonal water shortages were
insufficient to cope with multi-year rainfall deficits. The response of the ancient Maya to drought has
been described as “on-going management of disasters™; a society on a knife’s edge and only one disaster
away from demise (“ecological disaster management).*

Water management strategies were especially important in the southern Maya Lowlands where
the water table was too deep to be accessed by digging wells. However, Aguadas which are natural
water-filled depressions, are common in the area. Thus, reservoirs were constructed at some sites to
collect runoff water during the wet season and canals were dug to direct runoff water into storage areas.
As cities grew, particularly in the Late Classic period, these systems evolved and were expanded in size
and complexity. Early failures, such as the siltation of reservoirs, helped inform later strategies, which
were better equipped to adapt to the increasing population and greater water scarcity. Seasonality of
rainfall and the need to provide water for a large population with a variety of needs requires an integrated
management system. One instance of such a system is at the site of Pich, in Campeche Mexico, where
a reservoir with water lilies is shaded by pich trees (Enterolobium cyclocarpum) to reduce evaporation,

33. Marcello A. Canuto et al., “Ancient Lowland Maya Complexity as Revealed by Airborne Laser Scanning of
Northern Guatemala,” Science 361, no. 6409 (September 2018): 1-19, https://doi.org/10.1126/science.aau0137.

34. Lucero, Gunn, and Scarborough, “Climate Change.” 479-494.

35. Christina T. Halperin, Jean Baptiste Le Moine, and Enrique Pérez Zambrano, “Infrastructures of Moving Water at
the Maya Site of Ucanal, Petén, Guatemala,” Journal of Anthropological Archaeology 56 (December 2019): 101102,
https://doi.org/10.1016/j.jaa.2019.101102.

36. Douglas et al., “Impacts of Climate Change,” 613-645.
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and receives water redirected from a stream through a canal to purify it, with people dedicated to
cleaning and maintaining the reservoir system.*’

Between 750 and 950 CE (Table 1), monumental construction at many large Maya ceremonial
centres ceased and the cities were abandoned. This suggests that water management strategies, which
were constantly being modified and pushed to their limit, could no longer sustain the population.
Quantitative estimates of rainfall reduction suggest that annual precipitation decreased between 41 and
54% and up to 70% during drought periods.* The precarious nature of management strategies supports
the ecological disaster management model. Management strategies not unlike those used by the ancient
Maya are still used today, and those recommended by the Intergovernmental Panel on Climate Change
include water conservation, construction of reservoirs and irrigation infrastructure, in addition fallowing
and the use of cover crops were essential to respond to projected future increases in temperature and
rainfall reduction.®

Drought, and the consequent decline in water availability, was not only reflected in
archaeological evidence for warfare and the abandonment of Maya cities, but was also apparent in the
art of the time. There are multiple examples demonstrating the importance of water and how it
manifested in Maya art and architecture. At Tikal, it is seen in the transposition of the Mexican rain god
Tlaloc into the Maya rain god Chac, who was also a symbol of royal power and authority, perhaps
reinforcing royal authority in a time when possibly the king was called into question.*® Offerings of
freshwater snail shells, often along with crocodiles and turtles were also found at Tikal; offerings which
seemed to coincide with a decrease in the remains of such aquatic fauna in local middens.* Written
sources suggest that scattering of bead-like objects and rain-beckoning rituals were common during
periods of drought, and may have been used as a coping strategy. Ethnological work has shown that
effigies of Christian saints and undoubtedly those of rain gods, or Paddler Gods,* are taken from the
church, bathed, and left in the sun. One Paddler God is the Old Jaguar Paddler and the other is the
Stingray Paddler. The bead-like objects that are depicted as being scattered may represent kernels of
maize, blood, or water.*”®

Deforestation and Soil Nutrient Loss

Humans may have exacerbated the effects of climate change through deforestation. The
feedback effect of forest land clearance reduces precipitation and increases evapotranspiration, which
would lead to a decrease in water availability. When forest trees are removed, rainfall is not able to
infiltrate the vegetation, instead it hits directly the bare ground and contributes to soil erosion and floo-
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ding.* Regional climate simulations show that removal of trees causes warmer, drier conditions, and
illustrate the negative impacts of deforestation. * Sediment cores from Lake Salpeten, northern
Guatemala, showed there was early and rapid soil loss as a consequence of land clearance. Loss of soil
from deforestation, combined with reduction of soil nutrients as a consequence of intensive farming,
may have contributed to a situation in which soil fertility became too poor to grow sufficient food. The
large demand for fuel (i.e., firewood) to produce lime and stucco for construction in the Late Classic
period, also put pressure on forests.* During the Terminal Classic period, the south is thought to have
“collapsed” as much as two centuries before the north. However, it is difficult to explain why Maya
urban centres in the drier north outlasted those in the wetter southern Maya Lowlands. Differences in
the extent of deforestation around population centres have been proposed as an explanation for
difference in timing of collapse between sites in the north and south, and among sites within the south.
Although deforestation affected the whole region, more intense deforestation in one place versus
another might explain the temporal differences in collapse. * Evidence from lake sediment cores
suggests deforestation was intense and widespread in the south well before the Late Classic period,
which could explain the failure of southern population centres. Intense deforestation could explain the
increase of drying or soil loss in the hilly terrain of the south, and as a consequence the failure of
agriculture. Other effects of deforestation might have included loss of habitat and food sources for
wildlife such as deer, which may have caused food shortages and nutritional deficiencies for the Maya.
This may, in turn, have had repercussions that contributed to the restructuring of Lowland Maya society.
During the Classical period, at Lake Salpeten, the soil erosion rate declined, this despite very high
population density in the basin and evidence of widespread deforestation. This could reflect the
decreasing erodibility of soil through time (i.e., erodible soil had already been largely transported to the
lake) but may also suggest that soil loss was recognised as a problem and strategies had been put in
place to counter this loss and conserve soil.*

Slash-and-burn agriculture is a strategy whereby forest is cut down, dried and then burned this
occurs before planting and prior to the onset of the wet season. Scholars believed this agricultural
method to have been the dominant agricultural practice of the ancient Maya. The method is most
effective where population density is low, as agricultural plots can only be exploited for a few years at
most, and then must be fallowed for a considerable time to enable regrowth of vegetation. However,
Ursula Cowgill, one of the first researchers to document the “Maya collapse,” noted that the time
required for land to “rest™ is relatively short in Peten, Guatemala. This led her to contrast the conditions
observed in Peten with the longer fallow period required in the northern Yucatan Peninsula. *
Alternatively, some scholars suggest that the ancient Maya were not responsible for widespread
deforestation and propose an alternative model of human-environment interaction based on
contemporary ethnoecology. Ababel Ford and Ronald Nigh believe that the pollen and sedimentological
records are evidence for climate-driven changes in forest composition, rather than the result of
agricultural impacts, and that the ancient Maya simply altered the natural forests to make the most of,
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and to adapt to, changing climate. They did this by creating what the authors describe as the “Maya
Forest Garden,” which incorporated the milpa cycle, and involved a land use pattern that shifted from
closed-canopy forest, to annual crops collected from open fields, to a managed orchard garden, and then
back to forest. This system allowed the Maya to sustain soil fertility and contributed to greater plant
diversity. The authors suggest that this low-risk, stable management system enabled increase food
production to meet the needs of a growing population.® Because the landscape was a mix of human
households, forest garden, and wild forest that co-existence with animal habitats such as jaguar, tapir
and deer was possible. A mixture of agricultural strategies would have enabled successful food
production necessary to feed large numbers of people during the Classic.

Maya Agricultural Systems Response

In the Early Classic Period, terracing on some upland slopes was implemented to reduce erosion
and soil nutrient loss. Timothy Beach et al. hypothesised that limestone on the Vaca Plateau in Belize
inspired the Maya to build terraces, as the local bedrock had naturally weathered into linear, step-like
terraces.” A variety of innovative agricultural methods were employed by the ancient Maya to deal
with decreasing water supplies, degradation of soil quality, and rising demand of food production due
to population growth. For instance, lime found in a fossil field at the site of Nakbe, in Peten Guatemala,
may have been used to reduce soil acidity in the bajos (seasonal wetlands). There is also evidence from
Nakbe that mud was imported to construct a terrace. Such strategies were implemented at many sites to
support increasingly larger populations. Richard Hansen et al. argued that large bajos may have become
marshlands that possessed many resources, including wildlife, organic soils, and fibres; they argued that
muck from these marshlands could have been used to enrich agricultural fields.>> However, they also
conceded that “the precise source of the mud is probably still conjecture” and noted that “the Palma
causeway at Nakbe ends in the southern bajo, suggesting that the causeway may have facilitatedbajo
muck, among other resources, into the civic centre.”*

The question that then arises is whether the bajos could become marshlands in a matter of
months during the wet season? Preliminary data from a lake in the southwest Maya Lowlands suggest
a large decrease in faecal input to the lake at the end of the Preclassic period, which could reflect
population change, but could also represent changes in agriculture strategies.>® Construction of the
causeway at Nakbe might have been intended to deal with two challenges: 1) managing human waste
in the urban centre by ferrying it to the bajos, and 2) turning such waste into a resource, i.e. fertiliser
for the agricultural fields. Fertiliser made from human waste, also known as night soil, was used
extensively in the past, and is still used today in China and India.”® In East Asia, night soil was so
valuable that it was referred to as “golden juice.”*® The use of human waste (cuitlatl in the Nahuatl lan-
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guage) by the Aztecs was well documented in central Mexico to achieve tlalauiyac, which is described
as follows:

[...]the land which is good, which produces, which is mellow. | fertilize it. I add humus to it. I make it mellow.
I make it good.>”

Much is known about soil-plant relationships among the Aztecs, who are said to have made associations
between soil fertility, midden heaps and residential sites.*® In addition to the ash, from slash-and-burn
practices, and in the absence of large domesticated animals, the main source of fertiliser was night soil.>®
This waste material was incorporated into raised fields in swamps and shallow lakes, which would
combine with vegetation and lake sediment to make floating island gardens (chinampas) that were used
to grow a variety of food, including maize.®® These were not dissimilar to the wetland fields, and were
used extensively by the Aztecs.”

Use of human waste as a biofertilizer provides a source of nutrients for soils, helps conserve
water, and improves public health by preventing contamination of water resources.® It is likely that
Maya farmers also recognised the relationship between human waste and the benefits to soil and plant
health, which has led scholars to suggest that they too probably used night soil. The Aztecs occupied
central Mexico in the Postclassic period and thus, might have obtained this knowledge from the Maya.
Several studies allude to the use of night soil as fertiliser in the Maya Lowlands.®® High concentrations
of phosphorus in terrace soils have been interpreted as reflecting the use of fertiliser application.®
Higher-than-average phosphorus concentrations were interpreted as evidence of tree fertilisation with
night soil at a house garden at Las Pozas, Guatemala.®® Use of night soil in multiple agricultural contexts
(large terraces and local gardens) suggests it was a widely used agrarian method that was probably
applied across a broad geographic range.

The bajo-marshland system described above could have served as a receptacle for human waste,
which formed part of the muck derived from the marshlands. Furthermore, the bajos may have even
replaced upland fields for agricultural production during protracted dry periods. There is a decreasing
trend in consumption of freshwater snails at the end of the Preclassic period.®® This could have been a
consequence of habitat desiccation but might also reflect the fact that lakes were polluted, and water
quality was degraded to the extent that snails could no longer survive under such conditions or were
themselves contaminated. In fact, the total concentration of coliform bacteria and Escherichia coli — in
particular — increase in the aguadas (natural or human made ponds) when water levels drop during dry
periods.®” Recognition that water sources were contaminated may have led to efforts to reduce the amo-
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unt of human waste to lakes through the construction of terraces and use of waste as fertiliser. Terraces
would also have reduced sediment input to lakes from soil erosion.

In the Late Classic period, the ancient Maya employed a wide range of agricultural and land
management strategies to support their growing populations and flourishing society. Widespread field
and terrace walls are present at Chunchucmil in northwest Yucatan, where we find an ancient Maya
village with poor crop and soil potential.®® Rural hamlets with orchards and fields, that sometimes
incorporate wetlands or walled fields, are ubiquitous.®® The orchard system is evocative of the Maya
Forest Garden system, which was described above, and implies a holistic approach to management of
resources across the landscape. Expansion of agricultural strategies developed early in Maya history
occurred as the population grew and the ability to secure food and water changed. The combination of
methods used at Chunchucmil would not only have satisfied local food requirements but would also
have served to limit further degradation of nutrients found in soil stores and protect valuable water
resources.

That said, there were other challenges associated with Maya food production, which included
crop failures, as well as problems associated to storage and distribution of food produced. In addition,
cultivated maize, a staple crop of the Lowland Maya, has less resistance to pests than teosinte, the wild
ancestor of corn. Loss of the protective casing around teosinte kernels in domesticated maize makes it
consumable by humans, but also more vulnerable to pathogens and herbivores.” James Brewbaker
hypothesised that it was the vulnerability of maize to disease that contributed to the Maya decline.”
Maize mosaic virus is thought to have been an important factor in the collapse of Maya civilization, by
causing widespread crop failure. The author compares the maize crop failure to the “late blight” that
caused the Irish potato famine in 1845. In addition to viruses, in the humid tropics, maize is subject to
foliar diseases including blights, mildews, and stalk, ear and kernel rots.”

Moreover water availability is a limiting factor in maize production.”™ Water scarcity during
droughts at the end of the Classic Period may have been so severe that maize yields declined or failed
entirely. Although drought may have affected populations across the Maya Lowlands, local impacts
probably differed and individuals may have been affected depending on their position in the social
hierarchy. The political elite had access to a greater diversity of foods and ate more meat, whereas the
lower classes relied more heavily on maize to meet their dietary requirements.” The importance of
maize means that corn crop failures would have had unequal effects on the population, among the lower
classes this would have meant a loss of their principal food source, whereas among members of the
upper classes this loss would have been compensated with other nutrient-rich foods. Unequal
distribution and access to food could have triggered discontent with rulers, social uprisings, and
substantial illness and death among workers who maintained the complex agricultural systems. The
situation could also have caused mass migrations to areas that were better provisioned, such as the coast.
Other implications of reduced food access include greater susceptibility to disease, which will be
discussed later in the article.
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Maya agriculture, which had been successful in providing food for large numbers of people for
centuries, was also able to endure crop failures brough upon by droughts and plant diseases, highlighting
not only the agricultural system’s capacity to adapt but also its fragility under changing climate
conditions. Later, attempts by the Spanish to introduce other grains in Yucatan were unsuccessful.
Production of maize as the staple crop still continues in the region today and seems to be the best
agricultural option for that environment.” Soil degradation and rainfall variability during the early
periods of Maya occupation were recognised and addressed in a variety of ways. The success of these
strategies over the long term speak to the ability of the Maya to identify and solve problems that arose,
in addition to being able to sustain growing populations in areas with limited resources. Despite this
resilience and endurance on the part of the Maya we are still left with the question of why and how
these systems failed?

Responses Across the Maya Lowlands

The cities that collapsed or experienced pronounced population declines were located in the
Elevated Interior Region. This is an area where the water table is deep below the land surface and people
relied on surface waters (lakes and rivers) and water collection techniques (i.e. aguadas, chultunes,
dams, reservoirs, etc.). One possible explanation for the collapse is that as the climate became drier,
water was less abundant, and this inevitably led to agricultural failure, famine and eventual breakdown
of the society. Julia Hoggarth et al. discusses the role of exogenous “shocks” on demography’® with
reference to Wood’s 1998 model, which posits that as the population in an area grows and resource
availability, or the standard of living, declines either population numbers will shrink until the
availability of resources matches the number of people, or adaptations will be implemented to support
the growing number of people. 7 The finely balanced system, referred to as “ecological disaster
management,” would have also been very sensitive to external influences such as climate variability or
political change in neighbouring polities.

Lack of water could have had other implications, for instance the drying of moats might have
facilitated incursions southward.” Dahlin referred to the population loss in the northern two-thirds of
the Yucatan Peninsula during the Terminal Preclassic and Early Classic periods, as the result of
invasions from the north.” The presence of defensive earthworks also further supports this argument.
These fortified sites are thought to have failed, either because they were overwhelmed by invaders or
were victims of climate change. Sites in the Maya Lowlands did not constitute a single unified political
entity, but rather a number of discrete, but interacting polities, so warfare resulting from competition
for dwindling resources is a plausible scenario. Later, Postclassic period collapses in northern areas with
aquifer access, such as Chichén Itza, may be attributed to migrant influxes of people from failed, post-
drought city-states. It is easy to imagine a scenario where dwindling resources and political failure to deal
with the situation led to a discontent working class that realised their collective power and overthrew
their rulers, — divine kings known as k'ujul ajaw. Another possible scenario is that the resources became
scarce due to increased competition between neighbouring city-states vying for the
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same resources. It is also conceivable that an influx of refugees came to an area which was already
agriculturally fragile and caused a depletion of resources, thus creating an irreparable imbalance.

Climate and Infectious Diseases

The movement of people coupled with lack of food and water resources may have led to
conditions where disease could spread more easily. Given that the Maya were able to successfully adapt
to changing climate and growing population density over many centuries, the system could have been
thrown out of balance with the arrival of new diseases. Smallpox was brought over with the arrival of
the Spanish; European exploration introduced several deadly diseases that decimated indigenous
Americans farther north.2° There is the possibility that a disease emerged among the ancient Maya
before the Spanish arrived, which caused massive population loss at the end of the Classic period.
However, if this was the case agricultural innovation would not have been much help, unless there were
pre-existing dietary deficiencies that reduced resistance to disease or the ability to fight it. Thus, it is
important to keep in mind that the spread of disease could have occurred under several different
circumstances within Lowland Maya society.

The lack of abundant nutritious food, caused by increased demand or declining agricultural
yields (as a result of soil degradation or climate change), may have arguably made people less resistant
to disease and more vulnerable to infections. A diet predominantly consistent of maize does not provide
adequate nutrition, even if supplemented with tropical fruits, beans and squash.®* As noted above, the
elite members of society ate less corn, more meat and had greater access to varied foods.®? The collapse
of agricultural systems, along with the loss of freshwater fish and shellfish which provided a rich source
of protein, could have created a need for alternative meat sources. In addition, dependency on maize is
thought to have been responsible for the low iron in Maya diets.® Limited consumption of foods rich
in iron can lead to an important iron deficiency and result in anaemia. The level of iron in one’s system
can also be affected by disease (inflammation or infection) and parasite infections, which can reduce
absorption of iron in the intestines and cause intestinal bleeding. This nutritional stress would have
contributed to the weakening of the overall immune system. Studies of collagen and bone in Maya
skeletons from sites in the Pasion region revealed no evidence of infectious disease, anaemia and/or
dental growth disruption, thus suggesting that the collapse occurred as a result of socio-political
upheaval.®* The lack of evidence for anaemia is potentially explained by the fact that meat consumption
continued unabated. Indeed, stable nitrogen isotope data from the Pasidn region suggest that animal
protein remained available into the Terminal Classic period.®

Given that the human population increased and wild animal habitat decreased, as a consequence
of deforestation (although perhaps there were refugia in the Maya Forest Garden model), alternative
sources of meat may have been exploited. Moreover, infections can result from consuming
contaminated meat and from proximity to animals (i.e. zoonotic diseases), as the barrier between forest
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and human habitat is reduced as a result of population increase and deforestation. Furthermore,
transmission of simian foamy virus can occur through bites or scratches.®® Human immunodeficiency
virus type 2 is thought to have originated from simian immunodeficiency viruses, strains of which can
be found in bush meat in Sierra Leone, a virus prevalent in wild monkeys.?” In addition to transmission
of disease from non-human primates, there is evidence of transmission of viruses from other animal
species. In 2003-2004 it was shown that several people contracted severe acute respiratory syndrome
(SARS) from consuming palm civets that tested positive for SARS-associated coronavirus.®® Bats have
also been identified as reservoirs of coronaviruses associated with the outbreak of SARS.® Bats are
considered to be the likely source for SARS-CoV-2, i.e. COVID-19.*° Bush meat has often been the
source of viral infections in recent history. A plausible explanation for this recent manifestation of viral
infection can be due to environmental degradation, which facilitates the crossover of viruses to humans
from animals living in the forest. Lori Wright and Christine White have suggested that the decrease in
maize consumption in ancient Maya communities, caused by declining yields, could have been
supplemented with wild foods.* If this wild food included bush meat, the issue of iron deficiency and
anaemia would have been solved, but may have increased the risk of zoonotic disease transmission and
outbreak.

Some of the agricultural strategies described above, such as the use of night soil for fertiliser to
help meet the dietary demands of an increasing population, may have contaminated food plants and led
to typhoid epidemics.® Contamination of water supplies with faeces (particularly during dry periods)
may have also contributed to the spread of parasites and infectious diseases. Rodolfo Acuna-Soto et al.
compare the Late Classic Maya period demise with the depopulation of central Mexico in the sixteenth
century, when 80-90% of the indigenous population was lost and hypothesise that the collapse was the
result of haemorrhagic fevers —a phenomena that also occurs during sustained drought.*®* Another factor
to take into consideration is the migration of individuals from different places as a consequence of
climate change. If high concentrations of migration occurred in areas that had sufficient water resources
this could have spread disease, under conditions of increased population density, malnutrition, and
greater exposure to pathogens. Contaminated water supplies, some polluted by human waste, may have
spread water-borne illness through direct consumption of water or ingestion of aquatic fauna. In
addition, drier climate could have also pushed people into concentrated areas and created conditions
ripe for the spread of disease.” Alicia Wilbur and Jane Buikstra theorized that large Late Classic pop-
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ulations, coupled with population movement along trade routes may have been the cause of transmission
of a virulent strain of tuberculosis.®

Although the detailed process of societal collapse is poorly understood it is possible that
widespread disease combined with malnutrition left fewer people available to maintain the agricultural
systems.® Collapse may have occurred in a stepwise fashion with weaker, susceptible people dying
first, and remaining individuals either dying from starvation, or forced to migrate. Given the lack of
available water it might have been sensible to leave the area altogether.

Restructuring and Abandonment of Maya Cities

The story of the Lowland Maya informs us about an ancient society that dealt with two major
environmental challenges: 1) soil erosion and loss of soil nutrients that resulted from widespread
deforestation to support agricultural needs, and 2) fluctuating water supply accessibility as a
consequence of climate change. Multiple factors compromise the accuracy and spatio-temporal
resolution of palaeoclimate and archaeological records. Because drought and societal collapse are
thought to have occurred at different times across the Maya Lowlands, with droughts in the north
occurring up to two centuries later, it is clear that interactions between climate and social factors are
complex. Whereas sweeping generalisations about the response of the Lowland Maya to drought have
been made, the reality is that the response remains poorly understood. The theory of ecological disaster
management posits that strategies were constantly being pushed to their limits, modified, and repeated
until they no longer functioned. However, it is possible that natural buffers such as the presence of
remnant forests enabled effective Maya response to drought at least for some time. When these natural
buffers were removed completely, however, such management strategies ceased to function.
Palaeoclimate data from additional sites in the Maya Lowlands will help elucidate the nuances of the
ancient Maya response to droughts.

What can we learn from the ancient Lowland Maya? Climate change altered the availability of
resources, mainly water, thereby playing an important role in deteriorating relations between
neighbouring polities, to the extent that wars were fought over such resources and cities were eventually
depopulated. Persistent mass migration to inland bodies of water and to the coasts seems to have been
an outcome of climate change in the Maya Lowlands. This has interesting historical implications in that
it sets the scene for Spanish colonisation centuries later and provides insights into how humans
massively migrate in response to environmental change. What effects did migration have on the
communities or areas which received the migrating communities? Did migration provoke further
conflicts? What was the fate of people who were essentially climate refugees? Was their plight similar
to that of modern-day climate refugees? Discussion of the Lowland Maya response to drought in the
Terminal Classic period remains contentious. What is clear is that when we refer to societal “collapse,”
it does not imply that the Maya disappeared. Maya people continue to live in southern Mexico and
Central America today, and some researchers have advocated that it would be more appropriate to refer
to the Terminal Classic period as a period of “restructuring” where societal change occurred, rather
than, a total collapse. Although it is clear that many cultural activities in the southern Maya Lowlands
did cease abruptly and there was indeed widespread depopulation, however, for a number of reasons
we must be cautious with the terminology we choose to describe these events. First and most
importantly, referring to a period as a “collapse” can imply “cultural extinction,” which does a
disservice to the millions of Maya people who continue to live in the region today. Second, when we
discuss the response of past civilisations to climate change, and the implications for the existential cha-
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llenge that contemporary climate change poses, it can be self-defeating to describe the problem in
apocalyptic terms. It seems inevitable that the effects of modern-day anthropogenic climate change will
displace more and more people. The problem stems from both the increase in greenhouse gases in the
atmosphere and the fact that much of the world’s population lives in areas that are or will become
vulnerable. One factor that will make it difficult to migrate from uninhabitable zones in response to
climate change is the way borders are controlled. If governments hope to manage the movement of
people successfully, it will require investment in areas that are likely to fare well in terms of future
habitability and to provide the resources necessary to sustain and protect communities. This will
necessitate the reconsideration of society’s core values, including the notion of citizenship, to facilitate
movement of people from hazardous to safer areas.”” The Lowland Maya story is an excellent example
of how humans interacted over the long term with their environment, especially in light of the emerging
field of landscape sustainability. Today, we have ways to cope that the Lowland Maya did not, such as
development of genetically modified, drought-resistant crops. Nevertheless, we still face many
challenges in terms of developing techniques for water management.

Concluding Remarks

The cause of the decline of Classic Maya civilisation (ca. 750-900 CE) remains a subject of
debate, but the demise may have been, in part, as a consequence to a series of protracted droughts.
Biogeochemical records from lake sediments and cave speleothems provide the climate and
environmental context for the societal changes identified through archaeology. By studying past
changes in the natural world, together with socio-economic changes, we can better understand relations
between climate, environment, and humans, which sadly, remain poorly understood. The story of the
interaction between the Lowland Maya and changing climate provides unigue insights into the response
of an ancient civilisation to climate change — a useful perspective given that the effects of modern-day
climate change are already being felt. Adaptation over centuries to dwindling water resources and loss
of soil nutrients are testaments to Maya ingenuity, but ultimately, climate and environmental conditions
may have exceeded a threshold, to which Maya society could not respond. That said, we could also
view the events of the Terminal Classic period in an alternative way. Despite the widespread
abandonment of cities in the Maya Lowlands, the longer-term result was a restructuring of society that
enabled Maya people to persist to the present. Perhaps resourcefulness and adaptability of the ancient
Lowland Maya is a lesson not only to how we should respond to climate and environmental change, but
also to social and political change.
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