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Abstract
We focus on pre-Columbian agricultural regimes in the Maya Lowlands, using new 
datasets of archaeological wood charcoal, seeds, phytoliths, and starch grains; bio-
logical properties of plants; and contemporary Indigenous practices. We address 
inherited models of agriculture in the lowlands: the limitations of the environment 
(finding more affordances than anticipated by earlier models); the homogeneity of 
agricultural strategies (finding more heterogeneity of strategies across the lowlands 
than a single rigid template); the centrality of maize in agriculture (finding more 
reliance on root crops and tree crops than historically documented); the focus on 
the milpa system as food base (finding more agroforestry, homegardening, horticul-
ture, and wild resource management than previously documented); the dominance 
of swidden strategies in agricultural practices (finding more diverse practices than 
accounted for in most models); and the foregrounding of maize crop failure in col-
lapse models (finding more evidence of resilience and sustainable agricultural prac-
tices than predicted).
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Introduction

Agriculture in tropical environments takes many forms, as agricultural practices 
are diverse and even definitions of “tropical environment” vary widely. In this 
article, we focus on agricultural regimes in the Maya Lowlands, synthesizing 
investigations from the past several decades, indicating new research directions, 
and revealing complications in old models. Two of the most persistent debates 
in Maya history are the relative importance of swidden cultivation of the milpa 
(maize field cropping system) and the relative centrality of maize in subsistence 
regimes. Regardless of the specific agricultural model they use, however, scholars 
rarely debate the role maize-focused milpa subsistence would have played directly 
or indirectly in the abandonment of Maya cities. Here, we address cultivation of 
other plants besides maize—particularly root crops, legumes, and tree fruits – and 
techniques besides swidden cultivation—particularly homegarden horticulture, 
agroforestry, and the management of wild areas and milpas undergoing managed 
succession. In this reframing, ongoing labor regimes, daily subsistence practices, 
movement of foodstuffs in tax and trade, responses to environmental challenges, 
social strife related to crop failure, and abandonment of communities are all 
implicated.

In the following passages, we offer general context for the Maya Lowlands, an 
area encompassing a number of vegetation communities and environmental condi-
tions, from evergreen rainforests, to seasonally dry forests, to semi-dry savannahs. 
We present traditional understandings of agricultural practice in the Maya Lowlands, 
understandings grounded frequently in ethnohistoric and ethnographic research 
from the Spanish colonial era through the 1980s. We then synthesize contempo-
rary approaches to revisit old questions, drawing on new datasets from analyses of 
archaeological wood charcoal, seeds, phytoliths, and starch grains; biological prop-
erties of plants including pollination regimes; and contemporary Indigenous uses of 
food plants. We integrate these approaches to develop an updated picture of lowland 
Maya agriculture, revisiting Fedick’s (1996c) description of the “managed mosaic.”

Agricultural strategies across the Maya area, as in other tropical environ-
ments, require water management (to supplement or reduce), dampness manage-
ment (especially of grains), frequent need for clearing of vegetation (given rapid 
growth), frequent need for weeding (given rapid growth), constant management of 
insect pests (given lack of freezing temperatures), and management of soil fertil-
ity (to control for acidity, nutrient content, organic matter, and salinity). Here we 
focus primarily on plants and cultivation systems, leaving detailed examination 
of landscape engineering and soil management (e.g., terraces and raised/drained 
wetland fields, fertilization, use of soil microenvironments) to a separate treat-
ment  (Fedick et  al. in press). We present an in-depth review of literature pub-
lished since the 1990s, when ancient agricultural research in the Maya area saw 
a turning point in approaches and datasets. We focus on published data from the 
Formative through the Classic periods, sourced from across the Maya Lowlands 
(Fig.  1), although studies from larger city centers, Classic period occupations, 
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and the southern lowlands are much more robustly represented in the available 
literature.

This review of over 120 studies with paleoethnobotanical data allows us to 
develop new perspectives on agricultural techniques of the Formative and Classic 
periods, and to discuss the implications of revised agricultural modeling on cur-
rent collapse models. Comparing this new synthesis with earlier understandings of 
agricultural practice, we illuminate the general heterogeneity of strategies that Maya 

Fig. 1  Map of Maya area archaeological sites mentioned in the text. Two circles indicate Rio Bravo study 
area (N) and upper Belize River valley study area (S) (Map by Lydie Dussol)
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people used in the lowlands as they negotiated dynamic socio-environmental con-
texts. However, we do not address specific spatial-temporal patterns of plant cultiva-
tion, domestication, or diffusion. These are different research questions that require 
extensive datasets for each plant to be addressed, dating back to at least the Archaic 
period, and such datasets are not yet available.

Comparing this new synthesis with earlier understandings of pre-Columbian 
agricultural practice, we illuminate the general heterogeneity of strategies that Maya 
people used in the lowlands as they negotiated social contexts. Despite this overall 
heterogeneity, we see a few general trends in recent datasets that raise new questions 
and methodological challenges for future research, regarding 1) characterizations of 
lowland Maya environments (affordances and limitations); 2) homogeneity of agri-
cultural strategies (milpa, etc. vs. managed mosaic); 3) centrality of maize in subsist-
ence and agriculture (vs. root crops, tree crops, and non-domesticates); 4) central-
ity of the milpa system as food base (vs. incorporation of agroforestry, homegarden 
horticulture, wild collection); 5) preponderance of swidden strategies in agricultural 
practices (vs. high diversity in agricultural practices); and 6) dominance of maize 
crop failure in societal collapse models. We ground our understandings in traditional 
knowledge of sustainable agricultural practices and forest management and consider 
the application of such approaches elsewhere in the global tropics.

This synthesis contributes to broader understandings of tropical agriculture by 
providing refinements to collapse models and insights into modes of resilience. 
Discussions of the Terminal Classic “collapse,” both academic and popular, invoke 
agricultural collapse under conditions of extended or repeated droughts and, in some 
cases, overpopulation. These scenarios imply that the ancient Maya system of agri-
culture was inherently unstable and inflexible, leading to the wholesale abandon-
ment of communities and widespread social collapse. Through the synthesis of new 
evidence, we challenge persistent assumptions regarding agricultural strategies and 
products, given that new research reveals overall diversity of subsistence strategies 
and new insights into resilience and sustainability.

Agriculture in the Tropical Maya Lowlands: Historical Models 
and Approaches through the 1980s

To understand the history of the “outsider” perspective on Maya agriculture that has 
dominated the literature since Spanish colonial times, it is helpful to first consider 
agriculture as practiced in Spain during the early 16th century. At that time, agricul-
tural practices in Spain were heavily dominated by annual species cultivated by plow 
tillage. The author of Perennial Vegetables (Toensmeier 2007) notes that agriculture 
in Spain, at the time of contact with peoples of the Americas, was heavily depend-
ent on annual crops of grains (wheat, barley, rye, oats, millet) and pulses (chickpeas, 
broad beans, lentils), supplemented with a small number of perennial fruits, nuts, 
and vegetables. Plow cultivation in Europe selected for annual crops, while hand 
cultivation selected for perennial crops in the American tropics (Toensmeier 2007, 
p. 7). For comparative purposes, fairly complete lists of crops cultivated in Spain 
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before 1492 are provided by Hernández-Bermejo and León (1994) and Dunmire 
(2004). Obra de Agricultura, an agricultural “handbook” first assembled in 1513, 
details the crops most widely grown in Spain at the time and stresses the domination 
of the plow for cultivation (see Arellano 2006 for a partial English translation).

In the Maya area, Spanish soldiers and religious clerics who arrived to conquer 
and settle the Yucatan Peninsula brought with them clear expectations of good agri-
cultural land and the types of crops that represented proper foods. What they found, 
from their perspective, was a land distinctly lacking in both. The vast limestone shelf 
that makes up the Yucatan Peninsula was characterized, with a few localized excep-
tions, as having shallow soils with common patches of exposed bedrock, ill-suited 
for plow cultivation and, thus, lacking in true arable land.

Later archaeologists attended to these historic accounts, and agricultural prac-
tices held particular importance in initial studies in the Maya area. In the mid-20th 
century, archaeologists developed a rich set of analogies to apply to ancient Maya 
practices by using ethnographic and historical literature. Unfortunately, such analo-
gies were often applied wholesale in studies of ancient Maya agriculture. For many 
years, early ethnographic and ethnohistoric descriptions of agriculture served as the 
starting point for discussion, whether or not such frameworks were then critically 
reassessed using updated datasets.

Many early works began with Friar Diego de Landa’s 16th century account of 
The Things of Yucatan. De Landa described Yucatan as “... the country with least 
earth that I have seen, since all of it is one living rock ...” (Tozzer 1941, p. 186). 
Similarly, Francisco de Montejo, the eventual conqueror of Yucatan, reported in 
1534 to the Spanish crown that there was “not a single square foot of soil” in Yuca-
tán (Chamberlain 1948, p. 164). While these early Spanish chroniclers engaged in a 
bit of negative exaggeration, most lands of the Yucatan Peninsula are in fact poorly 
suited to tillage by plow and, therefore, were very limited for “proper” agricultural 
production from the perspective of European farmers. Furthermore, when the Span-
ish first encountered the Maya, they were exposed to food plants that were novel and 
difficult to accept as proper food (Schwartz 1990, pp. 54–55). Although early Span-
iards did come to recognize maize and beans as closest to the European staples that 
they were used to (Farriss 1984, p. 33), much early writing shoehorns these crops 
into European agricultural models.

Other oft-cited works in early archaeological studies include early ethnographic 
accounts, like the work of Redfield and Villa Rojas in 1934 (Redfield et al. 1962), 
who wrote about Maya lifeways in northern Yucatan during the earlier part of the 
20th century. Benedict and Steggerda (1936) also attempted to quantify relative con-
tributions of different foods to Maya diets, relating these in a more limited way to 
agricultural activities. Such early accounts coalesced several key expectations for 
crops and agricultural activities in the ancient past.

First, domesticated species did not stray far from maize, beans, and various 
squashes. In discussions of agriculture, this “triad” of taxa was presumed to pro-
vide the primary source of sustenance, with maize as an outsized cornerstone (e.g., 
de Landa 1978 [1566]; Redfield et al. 1962; Tozzer 1907, 1941). Iconographic and 
epigraphic representations of agricultural products, dating to before Spanish con-
tact, emphasize the maize and cacao prized by royalty and rulers (e.g., Beliaev et al. 
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2010; Stuart 2006; Taube 1989), and much less frequently reference other identifi-
able economic species (e.g., Schele and Mathews 1999; see also Santini 2016, pp. 
262–271). Across ethnohistoric and early ethnographic sources, maize, beans, and 
squashes were framed as ubiquitous and dominant in cuisine, in spite of the vari-
ety of ingredients and cooked dishes also referenced by these early authors, includ-
ing wild and managed species (de Landa 1978 [1566]), pp. 101–107) and roots and 
tubers (de Landa 1978 [1566], pp. 101–107; Redfield et  al. 1962; Tozzer 1907, 
1941). Even in the sacred Chilam Balam of Chumayel, the sweet potato is identi-
fied specifically as an element among the four sets of objects belonging to the “Four 
Quarters of the World” (Roys 1967, p.63). Such attention to the sweet potato impli-
cates its importance in the cosmological as well as the quotidian.

Second, although we glimpse nuance in early descriptions of agricultural prac-
tices and crops, including management of wild resources, homegarden horticulture, 
and foraging activities (de Landa 1978 [1566], pp. 101–107), consistently the pre-
sumed mode of food production was the outfield milpa system. Scholars perceived 
a dichotomy between forests and fields, as deduced from Postclassic and Spanish 
colonial period cosmogonies in which the world was represented as a quadrangular 
maize field and reflected antagonism between the domesticated human world and 
the wild forest occupied by feral animals (see Taube 2003). In this system, fields are 
modeled at a remove—and sometimes at great distance—from settlements.

Third, and related to this premise, the default agricultural practice modeled in 
outfield milpas was a particular form of swidden. In this swidden model, initial 
extensive clearing takes place using a slash-and-burn method. Cleared fields then 
pass through cycles of high production, then fallowing, then clearing and burning of 
fallow vegetation to prepare plots anew (Dumond 1961; Reina 1967). Scholars have 
more recently documented variation in types of swidden (e.g., Ford and Nigh 2016) 
and its ecological effects (Ferguson et al. 2003), suggesting that swidden practices 
may sometimes be optimal for tropical environments. But in the dominant model 
used by archaeologists, swidden practices have been characterized primarily as 
destructive (Abrams and Rue 1988; Sanders 1973; Turner II and Sabloff 2012). The 
destructive capacity of swidden agriculture was pervasive and amplified once popu-
lation densities exceeded the presumed low carrying capacity of such an agricultural 
system (cf. Russell 1988). In these models, exceeding the carrying capacity resulted 
in radical deforestation, soil exhaustion, soil erosion, elimination of biodiversity, and 
even anthropogenic transformations to local climates.

Fourth, Classic period social organization around agricultural production and for-
aging of wild resources was assumed to be mainly reactive, local, family centered, 
and subsistence based, instead of proactive and mapped across varying sociopolitical 
contexts. This model did not include the centralization and/or specialization of pro-
duction and redistribution, as is documented for the Postclassic and Spanish colonial 
periods (Masson and Freidel 2012). As a consequence, few strategies of risk man-
agement were anticipated in earlier frameworks, particularly water management in 
times of drought, as the dominant model was of exclusively rainfed agriculture.

Archaeologists through the 1980s built models of social dynamics on the scaf-
folding of these limited cultivated species, agricultural practices, and perspectives 
of the environment. Social models for the ancient Maya emphasized land ownership, 
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tax and tribute, and trade, where maize served as impetus for labor, product for trib-
ute, and common marketplace foodstuff. In these hierarchical social models, ubiq-
uitous swidden milpa agriculture resulted in a host of environmental issues that in 
turn led to a host of societal problems. These troubles were linked to the large-scale 
abandonment of city centers in the southern Maya Lowlands and collapse of politi-
cal systems, if not entire regional populations (see Aimers 2007).

Scholars working in the latter half of the 20th century initially focused on simi-
lar themes, by foregrounding maize and extensive swidden agricultural practices. 
But new techniques and hypotheses also began to expand knowledge in other direc-
tions. Some early scholars signaled caution in using the direct-historic approach 
to construct usable analogies, and models began to emerge that were experimen-
tal (e.g., Puleston 1971) and cross-culturally comparative (e.g., Drucker and Fox 
1982). Types of archaeological evidence began to include palynological profiles 
(e.g., Turner II and Harrison 1981), isotopic signatures (e.g., White and Schwarcz 
1989), and chemical residues (e.g., Hurst et al. 1989), as well as amplified datasets 
from paleoethnobotanical research and settlement studies (e.g., McClung de Tapia 
1985; Sheets 1982; Zier 1980). Types of archaeological queries began to shift from 
description toward systems approaches (e.g., Sharer 1977), cultural ecology (e.g., 
Sanders 1962), and political economy (e.g., Culbert 1977). Labor estimates, caloric 
counts, crop yields, and carrying capacities began to be calculated, and the origins 
of domesticated crops began to be carefully tracked (e.g., Cowgill 1962; Dumond 
1961; Wiseman 1978). In social modeling, debates arose surrounding the classifi-
cation of Maya states versus Maya chiefdoms, the movement of grain in tax and 
tribute, and the particular forms of social hierarchy in the Maya area (e.g., Culbert 
1977; Hosler et  al. 1977; Sharer 1977). As in other tropical environments (Shep-
ard et al. 2020), however, scholars increasingly found that resources were richer and 
more varied than earlier models anticipated (Harrison and Turner II 1978; Wilken 
1971), that societies were more densely populated and socially diverse (Drucker and 
Fox 1982; Hellmuth 1977), and that long-distance exchange factored more heavily 
in subsistence strategies (Voorhies 1982).

In the later part of the 20th century, scholars began to explore the role of root 
crop cultivation (Bronson 1966; Hellmuth 1977; Sheets 1982), silviculture (Gómez-
Pompa 1987; Hellmuth 1977; Sheets 1982), raised fields, terraces, and similar agri-
cultural strategies (Harrison 1977; Puleston 1977; Wilken 1971). Many of their 
approaches were rooted in earlier ethnographic and historic paradigms. But the turn 
toward global perspectives on tropical agriculture amplified the potential range of 
activities that could be investigated in the Maya area, especially regarding complex 
agricultural intensification strategies that were used in combination with extensifica-
tion strategies.

The suite of key cultivated species was also amplified in the latter part of the 20th 
century. Bronson (1966), using data on modern root crop distribution, information 
from early conquest times, and lexical and nutritional data, made a relevant argu-
ment for the use of root crops in pre-Columbian times. Models of domesticated spe-
cies began to shift in response to paleoethnobotanical work across the Maya Low-
lands. Hammond and Miksicek (1981) identified fragments of manioc stems at the 
site of Cuello, Belize. From macrobotanical residues, Sheets (1982) in El Salvador, 
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Beltrán Frías (1987) in Quintana Roo, and Turner and Miksicek (1984) in Belize 
identified a wide spectrum of seed, root, and tree crops cultivated, as well as their 
integration with noncultigens. Hellmuth (1977) identified a wide variety of wild, 
managed, and cultivated resources from historic documents, highlighting root crops 
and tree crops.

In response to changing understandings of food procurement and production, 
political and economic models of Maya society also began to shift in latter 20th cen-
tury studies. One classic approach taken by Coe and Diehl (1980) modeled agrarian 
surpluses that undergirded increasing sociopolitical complexity (in Killion 2013). 
This model—described for the Olmec—was mirrored in the Maya area. The move-
ment of goods through social and settlement hierarchies relied on extensive cultiva-
tion (through swidden practices) of grain crops that were resistant to rot (as opposed 
to root crops) and produced at a surplus (not simply for subsistence). By the 1980s, 
however, interdisciplinary studies began to produce more nuanced models (Ham-
mond and Miksicek 1981). Subsequently, in the 1990s, we see continued and some-
times dramatic shifts in conceptualizations of ancient Maya agriculture.

Ancient Problems and New Approaches: Agricultural Publications 
since the 1990s

Since 1990, archaeological studies, especially those employing paleoethnobotani-
cal methods, have begun to further complicate a direct-historical picture of the past. 
Scholars have critically reappraised earlier agricultural models in response to inves-
tigations of land management (e.g., Dunning et  al. 1998; Fedick 1996b, c), water 
management (e.g., Scarborough 1993), ethnographic understandings of indigenous 
food plants (e.g., Fedick 2020) and cultivation systems (e.g., Ford and Nigh 2016), 
and recovered botanical residues (e.g., Crane 1996; Lentz 1999; Lentz et al. 2005; 
McNeil 2002). Some of these studies have been produced with models of social 
dynamics already in mind, while other studies have been used as the means to gener-
ate models of social dynamics.

New social questions have emerged over the past few decades, in the same way 
that theoretical trends in social sciences have impacted the questions asked about 
agricultural practices generally (see Morehart and Morell-Hart 2015; Morell-Hart 
2014, 2020; Venegas Durán 2019). Such paradigm shifts have turned attention to the 
semiotics of agricultural landscapes (e.g., as multivalent places of growing, sacred 
offering, disposal, food collection, and fallowing for hunting and herb collection), 
basic understandings of edibility and food preferences (e.g., maize vs. root crops), 
varied perspectives on agricultural production (e.g., indebted farmer vs. attached 
kitchen specialist vs. local ruler), relationships between agricultural practice and 
broader ecological activities (e.g., cultivation vs. management vs. collection), politi-
cal control and tribute (e.g., preservation and transport of commodities like cacao 
beans vs. local use of plants like fleshy cacao fruits), gendered aspects of agricul-
tural and horticultural or gardening practices (e.g., proxemics and meanings of 
infield practices vs. outfield practices), and relationships between agricultural struc-
turation and habitus (e.g., the persistence of digging stick use over time, as related to 
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assumptions about the value of using a digging stick, as related to the persistence of 
digging stick use over time, and so on).

Interpretive frameworks—linked directly to the types of queries described above—
have drawn from amplified ethnographic information and attention to traditional 
ecological knowledge (TEK). Studies since the 1990s have recognized traditional 
knowledge of indigenous food plants in the Maya Lowlands, sustainable agricultural 
practices, forest management, and understandings of agricultural spaces and places 
(e.g., Anderson 1995; Atran 1993; Hanks 1990). Social models, broadly, have shifted 
from cultural ecological models and environmental determinism toward historical 
ecological and ethnoecological models that consider relationships to be dynamic and 
human actions to have impact on surrounding landscapes as much as the reverse. As 
Alexander (2006, p. 450) has noted, “it is erroneous to explain Maya settlement as a 
’cultural survival’ because it misconstrues the long-term and historically contingent 
processes by which anthropogenic landscapes are created.” The emergence of anthro-
pogenic landscapes is a dynamic process of co-creation, impacted and contextualized 
by long- and short-term processes.

Apart from shifts in types of social questions and interpretive frameworks, shifts in 
basic types of data and their collection have also expanded our views of tropical agri-
culture at the empirical level. Shifts in data collection have included where and how we 
sample (see D’Alpoim Guedes et al. 2015), with scholars targeting more households 
and smaller sites (vs. large city centers), engaging in more blanket sampling (vs. simply 
targeting hearths and tombs), and exploring more rural areas (for agricultural features 
and soil chemistry studies). Some traditional methods in data collection, including GIS 
and spatial archaeology, soil studies, isotopic analysis, usewear studies, ecology mod-
eling, and ethnographic data, have undergone a sharp uptick and more refinement, as 
methods have improved. Other datasets have also seen significant shifts, as analyses of 
phytoliths, starch grains, wood remains, paleofire signals, plant genetics, and plant biol-
ogy have been initiated or augmented with advancements in sister fields. Meanwhile, 
the use of LiDAR has thrown agricultural features literally into high relief (Golden 
et al. 2021; Schroder et al. 2020).

We next outline the results of these methodological and theoretical developments, 
demonstrating how new types of questions and refinements in data collection since 
1990 have led to broad challenges to several inherited models related to the characteri-
zation of lowland Maya environments (affordances and limitations), the homogeneity 
of agricultural strategies (milpa, etc. vs. managed mosaic), the centrality of maize in 
agriculture (vs. root crops and tree crops, etc.), the centrality of the milpa system as 
food base (vs. agroforestry, homegarden horticulture, wild collection), the preponder-
ance of swidden strategies in agricultural practices (vs. other diverse agricultural strate-
gies), and the dominance of crop failure in collapse models (vs. drought resilience of 
crops, social issues, trade route shifts, ceremonial warfare). We review the results of 
these new methods and models in detail, synthesizing published literature from 1990 
to 2020.
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Maya Agriculture: A Managed Successional Cropping System

We begin with broad characterizations of lowland Maya environments and the 
diverse agricultural strategies used by ancient Maya farmers to negotiate these envi-
ronments, expanding beyond swidden strategies as the sole practice and the milpa 
system (and specifically maize) as the sole food base. One emerging perspective on 
Maya agriculture represents a distinct break with the traditional milpa/fallow model 
described above and replaces it with a broader ecological model of a managed suc-
cessional cropping system (Ford and Nigh 2016; Gómez-Pompa 1987; Hart 1980; 
Vieira et al. 2009). This perspective characterizes succession without the need for 
naming specific species. Modeling a managed successional cropping system instead 
identifies shifting proportions of physiological categories of encouraged plants, 
from pioneering sun-loving annuals, to fast-growing herbaceous perennials, to fast-
growing woody perennials, to shade-tolerant perennials, climax tree species, and 
multistrata structure (similarly to landscape management described by Doolittle 
2000). In contemporary practice, Maya cultivation takes place in spatial and tempo-
ral units that effectively “freeze” plant succession at various stages and in locations 
that provide a wide range of managed habitats and species mixes. As Gómez-Pompa 
noted (1987, p. 9), “each abandoned milpa is an empirical experiment in directed 
succession.” The various managed habitats—including milpas, milpas undergoing 
managed succession, homegardens, managed wetlands, and forest gardens—differ in 
form, setting, and content.

Furthermore, contemporary Maya people have an available cornucopia of at least 
497 species of indigenous food plants (Fedick 2020), and it is likely that an equally 
high number of plants was available in the past. Pollen analysis (e.g., Beach et al. 
2019; McNeil et al. 2010; Rushton et al. 2020), isotopic analysis (e.g., Scherer et al. 
2007; Somerville et  al. 2013; Tykot 2002), relict forest studies (e.g., Benz et  al. 
1997; Campbell et al. 2006; Ross 2008; Thompson et al. 2015b), and chemical resi-
due analyses of aDNA (e.g., Lentz et al. 2021), isotopes (e.g., Coyston 2002), lipids 
and other biomarkers (e.g., Hall et al. 1990; King et al. 2022; Mirón Marván 2014; 
Powis et  al. 2002; Prufer and Hurst 2007; Spenard et  al. 2020) have all factored 
heavily into understandings of ancient food consumption in the Maya Lowlands. 
Given space limitations, we focus here on archaeological food residues including 
seeds, fruits, phytoliths, and starch grains, as well as residues from wood charcoal 
(some food related), reviewing over 120 sources published since 1990. We have 
compiled these citations for recovered botanical remains of key cultivated species in 
a supplemental table (Supplemental Table 1), arranged by taxonomic identification.

Below, we consider evidence for traditional maize milpa agriculture, cultiva-
tion of root crops, cultivation and management of food taxa outside the milpa 
(e.g., homegardens and agroforestry), and other food taxa that complement cul-
tivation (e.g., foods from milpas undergoing managed succession). We highlight 
consistencies with earlier understandings and challenges to earlier assumptions, 
based on new evidence and approaches.

We arrange the following sections according to increasing distance from the 
home (similar to Anderson 1995; Hanks 1990; Killion 1990) as well as the plants 
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generally found within each stage of succession, moving from homegardening, to 
milpa cycling, to forest gardening. In these sections, we focus on the plants cor-
responding with each type of location and note the high redundancy in species 
between some locations, a redundancy that also indexes some overlap in practice. 
Homegardens were generally closest to the home, milpas further afield, and for-
ests and formal orchards generally most distant from the home, including areas 
that held managed as well as cultivated plants. We highlight the general diversity 
of food plants, finding that food plants and food residues partially overlap with 
forest management and wood residues in terms of recovered taxa.

Different forms of agricultural practice could also overlap in a single locale, as 
horticulture and homegardening, milpa cropping, and agroforestry and forest man-
agement could all unfold over time a single location. A “forest” or “wetland” could 
shift into a milpa location, and vice versa. In the next three sections, we emphasize 
that each type of location is a stage temporarily frozen in a continuum of temporal 
cycling and spatial organization. This dynamic successional system, thus, encom-
passes ideas of place, notions of time, categories of plants, and types of practices. 
Overall, the system has a fluidity that may characterize tropical agriculture strategies 
more than temperate agriculture strategies. In later sections, we address the manage-
ment practices that sometimes crosscut these locations.

Homegardening

Ancient Maya farmers, like other farmers across Mesoamerica and North America 
(Doolittle 2000, 2004; Whitmore and Turner 1992, 2001), did not constrain plant 
cultivation to the field, nor limit crop plants to only a few annual species. As doc-
umented ethnographically in the contemporary Maya Lowlands, homegardens are 
established in the immediate vicinity of a residence, and the houselot (solar) are 
often bounded by stone walls (Fisher 2014) and living fences (Figs. 2–3). The spa-
tially segregated multistrata homegarden effectively “freezes” several spatially par-
titioned stages of plant succession, providing the household with a wide range of 
plant products (De Clerck and Negreros-Castillo 2000; Herrera Castro 1994). Some 
areas of the homegarden are reserved for sun-loving early successional crops, while 
other areas are allowed to develop sun-loving, fast-growing woody perennials like 
chaya and papaya. Other areas come to be dominated, after several years, by shade-
tolerant species and fruit trees. Homegardens also contain nonfood plants such as 
medicinals, pollinator species, and commonly used plants such as indigo (Indigofera 
suffruticosa) that have other economic uses (Herrera Castro 1994).

Tree and Shrub Crops in Homegardens

Fedick (2020) has found 204 species of trees (including 26 palms and two cycads), 
52 species of shrubs, and 61 species that can grow as either trees or shrubs, all 
indigenous to the Maya Lowlands and reported in the ethnographic literature as 
being used by Maya people as food sources. These findings are consistent with 
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ethnographic findings by Anderson (1995), Atran (1993), Hanks (1990), and Herrera 
Castro (1994), who indicate that wild and managed stands of forest provide a variety 
of foodstuffs, and wild trees may be managed within houselots, milpas, and reserves. 
Jiménez-Osornio and colleagues (2004, 2018) have documented both the diversity 
and the core set of trees found in Maya homegardens. The many economic tree and 
shrub species planted and/or tended in contemporary Maya communities include 
fruit trees such as avocado (Persea americana) and guava (Psidium guajava), leafy 
shrubs such as chaya (Cnidoscolus spp.), nut trees such as ramón (Brosimum alicas-
trum), and legume trees such as guanacaste (Enterolobium cyclocarpum).

There is abundant archaeological evidence supporting the antiquity of such tree 
crops across the Maya Lowlands (Figs.  2–4; Supplemental Table 1), whether cul-
tivated in houselots and orchards or managed in forests and “fallow” milpas as 
they diversify through succession. Thanks to genetic and biological studies of liv-
ing tree populations, we now know that many fruit-bearing trees have a long his-
tory of cultivation and domestication in the pre-Columbian Neotropics (e.g., Clem-
ent et al. 2017; Croft 2012; Fuentes and Santamaría 2014; Zarrillo et al. 2018; see 
also Piperno and Pearsall 1998). Although the status of the Maya Lowlands as an 
actual center of plant domestication remains unclear (Piperno 2011), local domes-
tication or semi-domestication of certain tree species may have occurred indepen-
dently thanks to human selection and agricultural manipulation, perhaps as early as 
the Archaic period (Colunga-García Marín and Zizumbo-Villarreal 2004; see also 
Doolittle 2000, 2004).

Fig. 2  Traditional arboriculture in the Maya area: a photomicrograph of Cordia cf. dodecandra (Bor-
aginaceae) archaeological charcoal, photographed in transverse section at 50x (from Dussol et al. 2021a, 
appendix 2); b a siricote tree (Cordia dodecandra) cultivated for its fruits and beautiful flowers, c in a 
homegarden in the town of Uaxactún, Petén, Guatemala (All photos by Lydie Dussol)
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Scholars have primarily identified key tree and shrub crops through macrobot-
anical, pollen, and phytolith evidence. This evidence serves as an index of ancient 
Maya consumption of a number of succulent fruits (Supplemental Table 1). Pun-
gent nance (Byrsonima crassifolia; Fig.  4a–b), with an extraordinarily durable 
endocarp, is the succulent fruit taxon most frequently found at sites across the 
Maya Lowlands. Wood charcoal of Byrsonima sp. is also frequently identified in 
Maya sites. Tart hogplums (Spondias spp.) were almost equally beloved across 
the Maya area. Buttery avocado (Persea spp.) was also highly ubiquitous and was 
clearly a mainstay across Maya communities. Cacao (Theobroma cacao), enjoyed 
for its fruit but prized for its seeds, is more rarely recovered as macroremains but 
has been found as a chemical residue. Mealy ramón or breadnut (Brosimum ali-
castrum) has had higher recovery rates as wood but lower recovery rates as fruit 
or seed. Various sapote and mamey fruits (Sapotaceae spp.) are also quite com-
mon across the Maya Lowlands (McKillop 1994; Morehart 2011; Reed 1999), 
primarily the intensely sweet sapote or mamey (Pouteria sapota; Fig. 5) and chic-
ozapote or sapodilla (Manilkara zapota). Wood charcoal identified as Sapotaceae 
is also very common in Maya sites in the central lowlands.

Fig. 3  Traditional arboriculture 
in the Maya area: a Photomicro-
graph of Pouteria type (Sapota-
ceae) archaeological charcoal, 
photographed in transverse sec-
tion at 50x (from Dussol et al. 
2021a, appendix 2); b a sapote 
mamey tree (Pouteria sapota) 
cultivated for its fruits and shade 
in a homegarden in the town of 
Mérida, Yucatán, Mexico (All 
photos by Lydie Dussol)
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Ancient Maya people also enjoyed numerous other sweet and succulent arbo-
real fruits, albeit less frequently. These include sweet and tart guaya fruits (Tali-
sia olivaeformis), small hackberries (Celtis spp.), siricotes (Cordia sp.; Fig.  2), 
floral guavas (Psidium guajava), and inga or paterno fruits (Inga spp.), consumed 
for the sweet pulpy mass surrounding the inedible seeds. Seeds of tart custard 
apple, soursop, and annona fruits (Annona spp.) have also been recovered at sev-
eral sites.

Seeds of floral-tasting papaya fruits (Carica papaya)—a ubiquitous tree in 
contemporary times—have only been recovered from a few ancient sites. The 
guapinol or stinking toe tree (Hymenaea coubaril), similar to paterno, was only 
consumed for the dry mass surrounding the seeds, though in this case, the fla-
vor is savory and yeast like. Guapinol has been recovered in only a few loca-
tions. Intensely sugary capulín (Muntingia calabura) was likely enjoyed across 
the southern lowlands, but it has miniscule and difficult-to-find seeds that make 
it more challenging to recover. Cashew or marañón (Anacardium occidentale), 

Fig. 4  Traditional arboriculture 
in the Maya area: a Photomi-
crograph of Gliricidia sepium 
(Fabaceae) archaeological 
charcoal, photographed in 
transverse section at 50x (from 
Dussol et al. 2021a, appendix 
2); b a typical living fence made 
of madre cacao trees (Gliricidia 
sepium) in a rural area in Alta 
Verapaz, Guatemala (All photos 
by Lydie Dussol)
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consumed for seeds and fruit alike, has only been found as wood charcoal in 
the central and southern Maya Lowlands, and not thus far in the northern Maya 
Lowlands.

Popular shrubs with edible leaves include chaya (Cnidoscolus spp.), pungent verbe-
nas (Verbenaceae), and fragrant pepperleaf (Piper spp.; Fig. 4c–d). All these genera, 

Fig. 5  Several key cultivated fruit taxa identified in carpological and microbotanical analyses in the 
Maya area: a nance (Byrsonima crassifolia) seed recovered from Piedras Negras heavy fraction of flota-
tion sample; b nance fruits (immature) growing in a homegarden, Budsilha, Chiapas; c Hoja Santa (Piper 
auritum) growing in a homegarden, Piedras Negras, Guatemala; d Piper sp. seed recovered from Pie-
dras Negras light fraction of flotation sample (photo by Sarah Watson); e modern cocoyol palm (Acro-
comia mexicana) endocarp and endosperm, Naranjal, Quintana Roo; f fragment of Acrocomia endocarp 
recovered from Piedras Negras heavy fraction of flotation sample; g Acrocomia endocarp phytolith from 
Northwestern Honduras sediment sample (All photos by Shanti Morell-Hart except where noted)
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though common in contemporary homegardens, are found in wild stands of forest, as 
well.

Nut and seed crops from trees include the musty achiote or annatto (Bixa orellana) 
and pungent allspice (Pimenta dioica). Guanacaste (Enterolobium cyclocarpum), 
used primarily for shade and dyes, also has an edible seed once the thick, hard testa is 
removed—perhaps through toasting. Residues from Guanacaste have been recovered 
from multiple sites (Supplemental Table 1).

Maya people in the lowlands also favored a number of food palms (Arecaceae). 
Palms have high visibility in the archaeological record thanks to durable endocarps, 
distinctive anatomy of the woody stem, and high productivity of diagnostic phytoliths. 
The most common of these are peach palm (Bactris spp.), coyol or cocoyol (Acrocomia 
spp.; Fig. 4e–g), and cohune or corozo (Attalea spp. or Orbignya cohune). There is 
also circumstantial evidence for the use of chapay (Astrocaryum mexicanum) and pacay 
(Chamaedorea tepejilote) for their edible inflorescences. Palm family phytoliths have 
been recovered virtually everywhere that microbotanical analysis has been carried out, 
with some from dental calculus (Cummings and Magennis 1997).

Another key economic species was cotton (Gossypium hirsutum), with seeds used 
perhaps to produce edible oil and fibers used in textile production. However, despite 
the fact that the Maya Lowlands have been indicated as the probable center of cotton 
domestication in the Neotropics (Piperno 2011), our knowledge of the pre-Columbian 
Maya cotton-textile industry is limited by the remarkable scarcity of both archaeobot-
anical remains and archaeological textiles (Morehart 2011; Morehart et al. 2004). The 
visibility of textiles and fibers is diminished in semitropical settings, where they rapidly 
deteriorate. Rare cotton seeds and pollen grains have been identified at only a few Maya 
sites, and exceptional occurrences of textile fragments made of cotton fibers are known 
from a few others, such as Barton Creek Cave, Chichén Itzá, and Aguateca (Lentz et al. 
2014a, b; Morehart et al. 2004; Supplemental Table 1).

In sum, fruit-bearing tree and shrub crops were important components of the ancient 
Maya agro-urban landscape, a model discussed in greater detail in our companion arti-
cle on engineered landscapes (Fedick et al. in press). The richness of the archaeobotani-
cal record mimics the richness of traditional homegardens in which avocado, annonas, 
papaya, guava, sapotes, palms, ramón, siricote, nance, achiote, allspice, and other val-
ued trees are planted together (Atran 1993; Fedick 2020; Herrera Castro 1994; Jimé-
nez-Osornio et al. 2004, 2018; Supplemental Table 1). Tree crops, once established, are 
more stable than annual crops, though annual yields may vary. Optimization of culti-
vated landscapes by tending multipurpose trees was certainly a critical strategy of sub-
sistence for Maya people (Dussol et al. 2017a, 2021a; Gómez-Pompa 1987; Puleston 
1982), as these practices continued through Spanish colonial times (Atran 1993).

Horticulture and Non‑Domesticates

Non-domesticated plants were not characterized as prominent in foodways or daily 
practice in studies prior to 1990. In their 1934 ethnographic study, Redfield and 
Villa Rojas (Redfield et  al. 1962) noted the use of some of these plants, marking 
them primarily as “condiments.” But non-domesticates and plants considered to be 
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“wild” or “weeds” were likely important components of daily and ritual life (Doolit-
tle 2000; Herrera Castro 1994), given their presence in the archaeological record 
(Supplemental Table 1). Even contemporary formal milpa areas contain pachpakal 
areas that are the parts of the fields where “a wide variety of crops and medici-
nal herbs is planted” (Anderson 1995, p. 142). Here, we include non-domesticated 
plants in our discussion of homegardening and horticulture, though we acknowl-
edge that “gardening,” “agroforestry,” and “field cultivation” overlap in significant 
ways across Mesoamerica and North America (Doolittle 2000, 2004; Whitmore and 
Turner 1992, 2001).

Smaller amaranth family (Amaranthaceae) species are frequent components of 
archaeological assemblages. These include pungent epazote or goosefoot (Cheno-
podium spp.), amaranth (Amaranthus spp.), and unclassified Chenopodiaceae family 
taxa listed as “Cheno-Am.” Apart from chile peppers and tobacco, the nightshade 
family (Solanaceae) also contributes frequently to archaeological assemblages as 
sour and flavorful tomatillos (Physalis spp.), alongside various Solanum spp. that 
may have been incidental or economic. Pungent chinchín or chipilín (Crotalaria 
spp.) is present but rare across the Maya Lowlands.

Tannin-heavy wild grape (Vitis sp.) is relatively frequent in lowland Maya assem-
blages. Juicy cactus fruits such as pitahaya (Hylocereus spp.) are more rarely found. 
Pungent aster family (Asteraceae) species are almost universal, but the macrore-
mains are often difficult to distinguish into genera and the phytoliths are thus far 
impossible to distinguish below the family level. Grass family (Poaceae) species 
are also frequently recovered, likely indicating their use in bajareque (daub) clays, 
cord, tinder, matting, thatch, brooms, and basketry (Lentz et al. 1996; Sheets 1998). 
Vanilla (Vanilla planifolia) is documented, thus far only in a few instances as relict 
stands (Fedick et al. 2012) and as chemical residues (Spenard et al. 2020).

The broad use of various non-domesticates across the Maya Lowlands and the 
visibility of horticulture in places such as Joya de Cerén present a complementary 
narrative to the management of domesticated and non-domesticated tree species, 
root crops, and annual milpa domesticates. The relative contribution of such plants 
to ancient diets is harder to assess. It is also difficult to determine the original grow-
ing context of many such species: deliberate planting or adventitious growth, in wild 
or managed reserves, in milpa fields undergoing managed succession, or homegar-
dens. These taxa are still worthy of attention, however, as Montero López and col-
leagues (2016) and Goldstein and Hageman (2010) have revealed in their studies of 
politically charged feasting practices. The use of non-domesticated plants was not 
simply related to daily subsistence but was related to ritualized practice, as well, 
where Maya rulers incorporated a suite of wild species into their performative reper-
toire for highly symbolic purposes.

Milpa Cycling

Milpa crop areas contain early successional crops: both annuals and herbaceous 
perennials. In recent studies, scholars have demonstrated that ancient Maya farm-
ers relied on many more crops than maize, beans, and squash to prepare elaborate 
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recipes (Faust 1998; Terán et al. 1998). The traditional milpa triumvirate was sup-
plemented with other annuals such as tomato and amaranth, alongside full-sun, fast-
growing herbaceous perennials that could be harvested in the first year, including 
makal, sweet potato, and chile peppers, as well as manioc, a fast-growing woody 
perennial. Furthermore, “fallowing” milpas were likely a rich source of food, medic-
inal plants, pollinator species, and commonly used plants with other economic uses.

Annual Crops

Paleoethnobotanical studies since 1990 have revealed abundant evidence of clas-
sic milpa annual cultivars: maize (Zea mays), beans (Phaseolus spp.), and squash 
(Cucurbita spp.), which, alongside chiles (Capsicum spp.) form a sort of “trium-
virate plus.” All four of these food plants have been documented across the Maya 
area, with maize, in particular, found at almost every site (Supplemental Table 1) 
and most visible overall (Fig.  6). Most of these studies draw data from large city 
centers dating to the Classic period, with only a few exceptions from Archaic and 
Postclassic sites, and cave and wetland field sites.

The high recovery rate of these domesticated taxa is partially dependent on their 
high visibility in the archaeological record. All four cultivars have recoverable 
diagnostic starch grains (Fig. 6), with some distinction even possible between vari-
etals of maize. Squashes and maize alike feature diagnostic phytoliths, with differ-
ent squash species even distinguishable from each other. Maize cob phytoliths and 
maize leaf phytoliths even offer distinct and diagnostic forms. Common macrobo-
tanical remains of these four domesticated taxa include seeds and caryopses, rinds 
and peduncles of squashes, maize cupules, and maize cobs. The regular findings and 
general high ubiquity of these domesticated taxa support classic milpa cultivation 
models. However, these four taxa are not as highly ubiquitous, relative to other taxa, 
as anticipated in traditional models (Hageman and Goldstein 2009). Nor are these 
domesticated taxa as ubiquitous as expected given their high visibility relative to 
other taxa, due to possible identification through both diagnostic macroremains and 
microremains (Fig.  6). Furthermore, where Maya people grew these taxa—milpa 
and/or homegarden?—and with which sort of techniques—swidden and/or terrac-
ing?—are questions that have been addressed with direct botanical evidence in only 
a handful of studies (e.g., Hather and Hammond 1994; Miksicek 1990; Sheets et al. 
2012). At these sites, annual milpa crop remains were directly recovered in  situ 
where ancient Maya people had originally cultivated them.

Geophyte Crops

Contemporary Maya people make use of 30 indigenous plant species with edi-
ble geophytes—roots, rhizomes, tubers, or bulbs (Fedick 2020). Twenty-seven 
of these species are herbaceous perennials. With few exceptions, the importance 
of edible geophyte crops was not well reflected in archaeological literature prior 
to 1990. This earlier absence was due to the traditional focus on ethnographic 
sources and the sparse collection of macrobotanical remains in archaeological 
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studies. Hather’s pioneering work (1988, 1991) on identification of charred paren-
chymous tissue made inroads to the identification of geophytes in the archaeolog-
ical record of the Maya area (Hather and Hammond 1994). As paleoethnobotani-
cal studies have increased across the Maya Lowlands, particularly studies focused 
on starch grains and phytoliths, so too has archaeological evidence related to cul-
tivated geophytes. All the key cultivated taxa have high visibility in the microbo-
tanical record, as all have diagnostic starch grains (Fig. 6). Several taxa also have 

Fig. 6  Two key cultivated geophyte taxa identified in microbotanical analyses in the Maya area: a man-
ioc (Manihot esculenta) field near San Pedro Sula, Honduras; b manioc purchased from central market 
of Mérida, Yucatán; c slightly damaged cf. Manihot starch grain recovered from human tooth residue at 
Piedras Negras; d camote (Ipomoea batatas) growing in homegarden in Naranjal, Quintana Roo (photo 
by Lucia Gudiel); e camotes purchased at central market in Mérida, Yucatán; f cf. Ipomoea starch grain 
recovered from obsidian blade residue, Río Amarillo area, Honduras (All photos by Shanti Morell-Hart 
except where noted)
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diagnostic phytoliths (e.g., arrowroot [Maranta] and lerén [Calathea]). Over the 
past few decades, studies of microbotanical remains have yielded a rich array of 
these starchy underground food resources (Supplemental Table 1), complement-
ing macrobotanical datasets and revealing the prominence of other types of crops 
in past Maya foodways.

Far from famine food, manioc (Manihot esculenta; Fig. 7a–c), a woody peren-
nial, appears to have a key role in ancient Maya cuisine. Found at archaeological 
sites across southeastern Mesoamerica, the Caribbean, and through southern Cen-
tral America (Hather and Hammond 1994; Lentz et al. 1996; Morell-Hart 2014; 
Piperno and Holst 1998), manioc appears to have varied regionally in importance 
as a food resource among Maya communities. At sites across the Maya Lowlands, 
this tuber crop has been identified via a number of proxies including pollen (Jones 
1994; Pohl et al. 1996; Pope et al. 2001; Santini 2016), carbonized stems (Mik-
sicek 1991), starch grains on artifacts (Cagnato 2016, 2019; Cagnato and Ponce 
2017; Devio 2016; Novelo-Pérez et al. 2019; Simms 2014; cf. in Bérubé 2018), 
starch grains in dental calculus (cf. Cummings and Magennis 1997), starch grains 
in sediments (Zimmermann 2019), carbonized tubers (Santini 2016; potentially 
in Hather and Hammond 1994; Miksicek 1991; Morehart 2002), and excavated 

Fig. 7  Complementarity and overlap between types of analysis in the Maya Lowlands, as reflected in 
key taxa residues recovered from artifacts (starch grain and phytolith residues), small sediment samples 
(phytolith residues), and bulk flotation samples (carpological and geophytological residues) (Redrawn 
and modified by Shanti Morell-Hart from Morell-Hart 2019, fig. 2; see Supplemental Table 1 for full list 
of common names)



581

1 3

Journal of Archaeological Research (2023) 31:561–615 

plaster casts from fields at Joya de Cerén (e.g., Sheets et al. 2012; Slotten et al. 
2020), where it was monocropped and likely was a staple. The apparent ubiquity 
of manioc comes as no surprise—the plant is drought-resistant, has high caloric 
content, and can grow even in poor soils.

Sweet potato (Ipomoea batatas; Fig.  7d–f) has also been frequently recovered 
across the Maya Lowlands, as pollen (Rushton et al. 2020), starch grains on artifacts 
(Cagnato 2016; Fernández Souza et al. 2020; Lentz et al. 2015; Novelo-Pérez et al. 
2019; Trabanino García and Meléndez Guadarrama 2016; Venegas Durán 2019; 
Venegas Durán et al. 2020; Zimmermann 2019; cf. in Bérubé 2018), and as seeds 
and other diagnostic parts (Beltrán Frías 1987; Cagnato 2016). Cocolmeca and 
ñame (Dioscorea spp.) have been recovered as starch grains from artifact residues 
in both the northern Yucatan Peninsula and the Petén region (Devio 2016; Novelo-
Pérez et  al. 2019; Trabanino García 2012; Trabanino García and Liendo Stuardo 
2012). Yam family species have also been recovered from Belizean sites as mac-
roremains (Miksicek 1990). Similarly, arrowroot (Maranta arundinacea) has a fairly 
robust presence in Maya sites, found through extractions of phytoliths (Abramiuk 
et al. 2011; Morgan 2010; Simms 2014) and starch grains (Novelo-Pérez et al. 2019; 
cf. in Cagnato 2016; Morell-Hart et al. 2018a, b; Simms 2014; Zimmermann 2019).

Other taxa are less frequently recovered but nonetheless augment the already 
high ubiquity of geophyte crops at Lowland Maya sites. Ancient Maya farmers grew 
jícama (Pachyrhizus erosus) in both northern and southern lowland communities, as 
evidenced by starch grains and macroremains (Novelo-Pérez et al. 2019; cf. in Cag-
nato 2016). Juicy achira rhizomes (Canna sp.) have distinctive starches documented 
in several locations (Cagnato 2016; Dunham et al. 2009; Lentz et al. 2015; Santini 
2016; cf. in Abramiuk et al. 2011; Morell-Hart et al. 2021), as well as the occasional 
seed (Morell-Hart and González Cόrdova 2017). Starchy corms of malanga or macal 
(Xanthosoma spp.) have been recovered as starch grains and charred macrobotanical 
fragments (Bronson 1966; Hather and Hammond 1994; Lentz et al. 2015; Novelo-
Pérez et al. 2019), and as plaster-filled cavities in fields at Joya de Cerén (Heindel 
2012; Lentz and Ramírez-Sosa 2002). Cycad (Zamia sp.) starch grains (from the 
root-like stem) have only been recovered in the northern part of the Maya Lowlands 
(Simms 2014), while lerén or llerén (Calathea; Cagnato 2016; Craig 2010) has only 
been found in the southern part of the Maya Lowlands.

These combined data indicate that geophyte crops, far from a rarity, are found 
almost everywhere that microbotanical studies have yielded diagnostic remains, in 
addition to several places that have yielded more fragile macrobotanical remains. 
The high ubiquity of geophyte crops in microbotanical studies—where they preserve 
well for identification—indicates the likely high reliance placed on them by Maya 
farmers in the lowlands (Dunning et al. 2018, 2020; Fedick 2017, 2020; Hather and 
Hammond 1994). In some cases, geophyte crops dominate assemblages while maize 
is secondary (e.g., Sheets et al. 2012; Slotten et al. 2020). Critical future work could 
address spatial-temporal patterns of geophyte crop diffusion and intensity of use, 
as paleoethnobotanical datasets become more robust and microbotanical studies 
become more common.
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Forest Gardening: Silviculture and Arboriculture

Alongside a diverse portfolio of planted annual and geophyte crops, Maya farm-
ers drew on various perennial managed resources, as scholars have shown through 
new evidence that challenges traditional models in which swidden strategies, 
dominance of milpa system provisions, and generally homogeneous agricultural 
strategies are taken as granted. We use the term silviculture, literally meaning the 
cultivation of forests, to refer to all practices intended to manage, enhance, and 
use woodlands, whereas we use the term arboriculture to refer to the cultivation 
of trees. Both are intertwined in traditional systems since trees can be planted in 
managed forests and, conversely, spontaneous species can be integrated in arbori-
cultural systems if they provide ecological or economic benefits. As documented 
in ethnographic studies, forest management represents a long-term cycle of man-
aged succession and eventual recutting that begins with pioneering herbaceous 
annuals and reaches maturity with shade-loving woody perennials (Ford and Nigh 
2009, 2016; Gómez-Pompa 1987). Managed forests include permanent stands or 
orchards dominated by single or few species, as well as bounded areas of mature 
forest developed to contain a mixture of particularly valued late-succession spe-
cies. Nonfood species are an integral part of these systems, and people manage 
a variety of species used for building materials, firewood, medicine, and other 
products used in craft such as bark, resin, latex, dyes, and fibers, as well as for 
ecological activities (nutrient cycle, pollination, shade, food supply for wildlife, 
etc.).

Since the 1990s, we have seen a growing interest in archaeological documen-
tation of ancient Maya forest management as anthracological and wood studies 
become more popular in the Maya area (e.g., Dussol et al. 2017a; Lentz and Hock-
aday 2009; Miksicek 1990; Morehart et  al. 2005; Thompson 2013; Supplemental 
Table 1). Regardless of time period, a general pattern of fuel wood diversification 
has emerged in several lowland Maya sites (Dussol et  al. 2021a; Miksicek 1991; 
Robinson and McKillop 2014; Thompson et  al. 2015b). Although they vary from 
one site to another, these fuel woods include early successional shrubs and trees 
such as nightshade (Solanum), redhead (Hamelia), cockspur (Acacia), cordoncillo 
(Piper), trumpet tree (Cecropia), hackberry (Celtis), star apple (Chrysophyllum), 
and pixoy (Guazuma); latter successional trees such as gumbo limbo (Bursera), 
guanacaste (Enterolobium), bribri or paterno (Inga), turtlebone (Pithecellobium) 
and pine (Pinus); and slow-growing forest members such as sapodilla (Manilkara), 
sapote trees (Sapotaceae spp.), wild fig (Ficus), avocado (Persea), manax (Pseudol-
media), siricote (Cordia), nance (Byrsonima), allspice (Pimenta), soursop (Annona), 
Spanish cedar (Cedrela), and guapinol (Hymenaea). Since these diverse taxa char-
acterize different forest successions, we can view them as an index of the way that 
ancient Maya people regularly cleared significant parts of land around their settle-
ments while also preserving patches of mature forests. Contemporary agroforestry 
systems that have been well documented since the 1990s (e.g., Atran 1993; Ford 
and Nigh 2016; Remmers and De Koeijer 1992) provide models of forest succession 
management that can be used to interpret past practices.
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Shifting slash-and-burn agriculture typically leads to the development of a 
mosaic of forest successions, which represent a main reserve of firewood (Sana-
bria 1986). Another silvicultural system called t’olche’ in Yucatan consists of the 
preservation of forest belts around milpas, thus, providing large amounts of dead 
wood from mature trees that serve as fuel (Remmers and De Koeijer 1992). Maya 
people could have used similar silvicultural systems at least since the Preclassic 
and Classic periods, as seen in the anthracological data, and these practices might 
have helped preserve direct availability of diverse forest resources.

Maya people actively favored tree species of high economic value, as seen 
through the frequency with which scholars identify macroremains from avo-
cado (Persea), allspice (Pimienta), ramón (Brosimum), guava (Psidium), nance 
(Byrsonima; Fig. 4a, b), siricote (Cordia; Fig. 2), cashew (Anacardium), sapotes 
(Sapotaceae; Fig. 5), and several palm (Arecaceae) species (Fig. 4e–g). All these 
species were important sources of fruits, nuts, spices, or timber. In diachronic 
studies, scholars have further shown that some of these species were intensively 
used during long periods of time, perhaps indicating intentional long-term man-
agement. Lentz and Hockaday (2009) showed that sapodilla (Manilkara zapota) 
was probably tended by Tikal elite for the use of its very durable hard wood in 
buildings. Scholars have also used charcoal analysis to demonstrate that reli-
ance on Sapotaceae species and other fruit-bearing trees for fuel consumption 
increased during the Late and Terminal Classic period at Naachtun, perhaps as a 
result of intensification of arboricultural practices (Dussol et al. 2021a).

Other scholars have tracked the selection of various species for particular traits 
as possible evidence of arboriculture intensification. Thompson and colleagues 
(2015a) addressed the pre-Columbian arboriculture of sapodilla (Manilkara 
zapota) through analysis of the genetic diversity in current populations, as did 
Dvorak and colleagues (2005) regarding Caribbean pine (Pinus caribaea). 
An argument for pre-Columbian tree species enhancement was made by Peters 
(2000). He compared phenotypic and phenological differences between modern 
populations of ramón (Brosimum alicastrum) in the Tikal National Park and in 
other Central American forests (i.e., number of fruitings per year) and hypoth-
esized that the greater productivity of the Tikal trees reflects relict genotypes 
deliberately selected by ancient Maya people.

Other trees might have been favored for ecological purposes. Legumes (Fabaceae) 
are very frequently found in archaeological charcoal in Maya sites, including Aca-
cia, Gliricidia (Fig. 3), Enterolobium, Inga, Lysiloma, Lonchocarpus, Piscidia, Dal-
bergia, Caesalpinia, Haematoxylon, Swartzia, and Diphysa. Legumes are nitrogen-
fixing plants particularly valued in modern agroecology. They have been planted in 
combination with cereals (Poaceae) and other vegetable crops to balance soil nutri-
ents in traditional farming systems worldwide. In Central America, madre cacao 
(Gliricidia sepium) (Fig. 3) and guanacaste (Enterolobium cyclocarpum) are usually 
tended as living fence around fields as well as in milpas undergoing managed suc-
cession, pastures, and tree plantations for ecosystem management. Furthermore, 29 
species of tree and shrub legumes are used as food by the contemporary Maya (Fed-
ick 2020). More careful attention to the evolution of these taxa in archaeological 
charcoal records should reveal relevant insights into ancient agroforestry strategies.
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Boosting valued tree species or discouraging the less preferred ones is a long-
lasting practice of forest management that has been documented in contemporary 
communities like the Itza in northern Petén and the Lakantun in Chiapas (Atran 
1993; Ford and Nigh 2016). Although it would be premature to generalize, we nev-
ertheless suggest that the trends highlighted here show that ancient Maya people 
implemented sustainable silvicultural practices, though these practices probably var-
ied greatly over time and across space. When did this forest management begin, and 
did it lead to the development of extant “forest gardens” (Campbell et al. 2006; Ford 
and Nigh 2016; Gómez-Pompa 1987)? These are questions that require systematic 
examination of anthracological datasets covering long periods of time in multiple 
sites.

Vegetation Growth Management

From early successional crops to mature forest gardens, vegetation growth manage-
ment would have involved (along a timeline): clearing, weeding, culling of non-
economic species, and pruning of trees to improve fruit production as well as for 
firewood management, a vital resource for food preparation. Many of the specific 
trees and “weedy” plants are mentioned in preceding sections, but we focus here 
on the set of practices that shifted one type of place to another and one type of suc-
cession stage to another. As we elaborate below, ancient Maya farmers made use of 
more strategies than milpa cropping, tailoring their activities to particular needs and 
ecological contexts in disparate ways. These practices include slashing-and-burning, 
weeding, trimming, pruning, and coppicing, although our evidence for many critical 
vegetation management strategies is severely limited by their relative invisibility in 
the archaeological record.

Undoubtedly, fire was a major tool of vegetation modification used by Paleoin-
dian hunter-gatherers and Mesoamerican farmers since at least the early Holocene, 
as scholars have demonstrated using multiple sediment cores studied since the 
1990s. Scholars have associated decreasing arboreal pollen, higher erosion rates, 
and abundant microscopic charcoal, since 2500 BC in northern Belize, with pollen 
of maize and disturbance taxa in wetland sediments (Jones 1994; Pohl et al. 1996). 
Similar phenomena were observed for the Preclassic and Classic periods near sev-
eral lowland sites (e.g., Dunning et al. 1998; Wahl et al. 2007). Such data indicate 
the spread of slash-and-burn agriculturalists in the lowlands as early as the Late 
Archaic period (Piperno 2006).

Temporal trends are broadly concordant between sites. Higher levels of fire activ-
ity often correlate with higher human occupation, indicating that growing popula-
tion pressure generally led to the reduction of length of time between cultivar plant-
ings. However, discrepancies arise at the more local scale, with lower levels of fire 
activity observed during periods of intense human activity (e.g., Anderson and Wahl 
2016), indicating changes toward more intensive farming practices that took place 
differently in certain areas and at certain times. However, inferences of agrarian 
practices based on the fire signal are complicated by the lack of knowledge regard-
ing the relationship between the vegetation burned and the resulting micro-charcoal 
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concentration in lakes and soils (Dussol et al. 2021b). Moreover, in research carried 
out since the 1990s in contemporary Maya communities, scholars have demonstrated 
that slash-and-burn agriculture probably played a significant part in soil restoration 
and biodiversity conservation, thus, contradicting the traditional view that this sys-
tem necessarily leads to deforestation (Atran 1993; Ford and Nigh 2010; Remmers 
and De Koeijer 1992). Other uses of fire intended to manage soil fertility have been 
documented, such as the ignition of low-intensity fires to produce biochar, or the 
spread of ash refuse in fields (Nigh 2008; Nigh and Diemont 2013; Wyatt 2008).

Besides vegetation burning, other potential practices of vegetation growth man-
agement are equally complicated to identify and sometimes more so. Weeding would 
have been required to remove choking vegetation and nurture desired plants across 
growing zones. Evidence of weeding may be presented by “weedy” ruderal plants—
such as many of those in the amaranth family—that may have been thrown into fires 
after removal. But we face an equifinality problem in the presence of many of these 
adventitious or self-propagating plants: were some used as tinder and deliberately 
plucked for this purpose? Were some picked for medicinal or condiment use, with 
scraps and remains then tossed into the fire? Equally, evidence for trimming, prun-
ing, and coppicing are scarce and mostly indirect. Dussol and colleagues (2021a) 
hypothesize that the heavy use of wood from fruit-bearing trees in Naachtun resulted 
from regular pruning in fruit tree plantations. Late Classic samples from Río Bec 
also yielded higher proportions of some of those fruit trees, particularly sapotes and 
siricote (Dussol et al. 2016), leading scholars to suggest that it was not an isolated 
practice. Charcoal concentrations containing pieces of branches of the same taxon 
with similar calibers are also relatively frequent in Maya sites. In such cases, tree 
coppicing, a common practice of fuel management, may be implicated, especially 
when tree taxa have a high regeneration capacity.

Landscape Engineering and Soil Management

Ancient farmers, pursuing diverse strategies for promoting and maintaining (and 
sometimes removing) plant species, also included a number of other practices in 
their repertoire. Though outside the scope of this paper, and instead a topic for a 
separate forthcoming paper (Fedick et al. in press), here we briefly summarize and 
provide examples of some key archaeological findings to date.

Ancient Maya farmers drew on a deep knowledge of varying soils and landscapes 
across a patchwork of lowland environments and developed sophisticated strategies 
for soil and landscape management. Initially, farmers would classify and evaluate 
soils and assess soil microenvironments, then focus cultivation on lands with the 
fewest limitations, while taking advantage of soils suited to particular crops and cul-
tivation systems (Dunning et al. 1998; Fedick 1989). The degree of recognized land 
resource variability depended on the scale farmers were operating, which may differ 
from the scale at which contemporary soil maps distinguish such variability (Fedick 
1996a). Microenvironments were used to squeeze the most out of moisture levels 
and soil productivity for particular plants, as farmers made the most of localized 
patches of specific soils, small bedrock cavities, and larger limestone depressions 
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(rejolladas) to engage in “precision agriculture” (Fedick et al. 2008; Flores-Delga-
dillo et al. 2011; Munro-Stasiuk et al. 2014). Maya farmers engaged several tech-
niques to increase and maintain soil fertility, scattering household organic trash and 
wood ash, targeting zones for nightsoil deposits, and transporting muck from wet-
lands (Dunning 1996; Wyatt 2012).

Farmers also modified field surfaces, sometimes in dramatic ways. These modifi-
cations range from the soil ridges at the Classic period site of Joya de Cerén, El Sal-
vador (Sheets et al. 2012), to soil-infused rock piles such as chich mounds (Fedick 
and Morrison 2004), to linear rock piles that may have functioned as planting plat-
forms and berms to direct rainwater runoff. Such built features concentrated soils, 
increased drainage, and prevented erosion. Farmers also managed erosion on sloped 
surfaces through terracing, documented across hilly zones in the Maya Lowlands 
(Beach et al. 2006, 2018; Chase and Chase 1998; Dunning and Beach 1994). The 
use of LiDAR has augmented the record of terrace use considerably (Chase et al. 
2011; Chase and Weishampel 2016; Macrae and Iannone 2016), though this method 
requires ground truthing for scholars to establish the antiquity of features and dem-
onstrate contemporaneity with other features and structures.

Similarly, water management required large-scale transformations to the land-
scape, including channels (Wyatt 2020), the berms mentioned previously, dams 
and dikes (Pyburn 2003), and perhaps pot irrigation from water stored in reservoirs 
(Beach and Dunning 1997). Farmers also managed wetlands for agriculture, from 
the lowland periphery (Leonard et al. 2019), to the elevated interior (Dunning et al. 
2017), to the riverine floodplains (Ebert et al. 2016; Golden et al. 2021), including 
transitional wetlands along bajo margins (Dunning et al. 2015; Kunen et al. 2000). 
In such cases, farmers took advantage of natural seasonal cycles of increased mois-
ture, sometimes leaving a light footprint and in other areas cutting channels and 
forming raised fields. Scholars in a range of studies have documented the high diver-
sity of wetland zones, dramatic environmental shifts in these zones over time, and 
adaptations of Maya farmers to these changing conditions (see Chase et  al. 2014; 
Lucero et  al. 2014). Through such research, scholars have documented modes of 
resilience already embedded in Maya societies.

Small-scale landscape engineering and minor soil amendments are usually attrib-
uted to local farmers, who constructed incrementally at the household level (Wyatt 
2020). Larger canal and terrace projects, however, may have been the result of cen-
tralized planning (Beach et  al. 2002; Chase and Chase 1998) or were more local 
projects (Murtha 2002). Regardless at which scale such terraforming took place—
local or regional, initiated by farmers or elites—the lowland Maya landscape bears 
evidence of a wide array of strategies and transformations.

Maya Agriculture: Corroborations, Contradictions, 
Complementarities, Caveats

The additions and refinements in data collection described in previous passages lead 
us to view anew the inherited models we outlined in earlier sections. We apply our 
data syntheses to prior understandings of limitations of lowland Maya environments, 
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homogeneity of agricultural strategies across the lowlands, centrality of one crop 
(maize), centrality of the milpa system as food base, dominance of swidden strate-
gies in agricultural practices, and emphasis on crop failure in collapse models.

In our review of literature from 1990 to 2020, we see corroboration between some 
archaeological datasets, including evidence of wild and managed taxa in assem-
blages of both food plants and wood; diverse agricultural strategies in botanical 
residues as well as landscape features; and specific strategies such as arboriculture, 
identified through features as well as wood charcoal assemblages. Complementa-
rity between datasets is evident in, for example, the visibility of root crops uniquely 
offered by starch grains and phytoliths (Fig. 6), the visibility of fuel harvesting and 
deforestation uniquely identified through wood residues and pollen, and the height-
ened visibility of water management presented by canal features. We also see a few 
contradictions between datasets, including differing tempos in correlations between 
agricultural strategies and “crisis” periods, and differing understandings of swidden 
practices in terms of ancient types used and their environmental effects. These lat-
ter contradictions, however, are likely related to the relationships of ancient farming 
practices to particular topographies, moisture regimes, and other factors at different 
points in time.

We now consider how models prior to the 1990s stand in regard to analyses car-
ried out over the past three decades. Models inherited from earlier scholarly studies 
have faced several serious challenges over the past 30 years, while other models have 
held up under scrutiny and new datasets. Following our synthesis of research of the 
past 30 years, we reevaluate six key themes in agricultural modeling: characteriza-
tions of lowland Maya environments (affordances and limitations), homogeneity of 
agricultural strategies (milpa, etc. vs. managed mosaic), centrality of maize in sub-
sistence and agriculture (vs. root crops, tree crops, and non-domesticates), central-
ity of the milpa system as food base (vs. incorporation of agroforestry, homegarden 
horticulture, wild collection), preponderance of swidden strategies in agricultural 
practices (vs. terraforming terraces and canals, enhancing soils), and dominance of 
maize crop failure in societal collapse models.

Many of these themes are closely related, as they respond to early approaches that 
placed maize milpa, extensification of farmland, and abandoned fallow as central 
to subsistence models. In subsequent years, scholars incorporated terraforming and 
water management but continued to rely on models that foregrounded maize domi-
nance. In research of the past three decades, scholars have equated the milpa with 
the primary stage of a managed succession cycle, highlighted the diversity of crops 
and gathered plants in agriculture, and incorporated other cultivation locations and 
agricultural strategies including homegardens, forest gardens, and wetland and ter-
race fields.

Recharacterizing Lowland Maya Environments

The Maya Lowlands encompass various wet and dry tropical environments, char-
acterized by high vegetation density and biodiversity, abundant though seasonally 
variable rainfall, high sensitivity of soils to erosion, and high ecological dynamism. 
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Although the 1970s saw some appreciation for environmental heterogeneity, new 
datasets of vegetation, soils, hydrology, and surface geology have since revealed an 
even busier assortment of dynamic land and water resources. Although these vari-
able habitats had implications for agricultural development, they were not as highly 
limiting as was first assumed. Research since the 1990s has revealed more affor-
dances in the landscape and fewer limitations than previously thought. As in other 
tropical agricultural zones (Fausto and Neves 2018; Heckenberger et al. 2008), we 
find evidence of dense populations in environments once thought to be marginal.

Soils, especially in the northern Yucatan where bedrock is frequently exposed, 
appeared scarce or unworkable in the eyes of early Spaniards. As previously dis-
cussed, Spanish models and terminology become incorporated into colonial period 
records that were then mined for analogs by Maya archaeologists. The term “arable” 
originated in the context of European agriculture and was based on plow technol-
ogy: “arable” specifically means plowable, or land that can be plowed, according 
to the Oxford English Dictionary. Over time, use of the word has been expanded to 
sometimes mean land suitable for agriculture. But the use of the word in cultural or 
historical contexts that exclude the use of plows is inappropriate for ancient Maya 
agriculture. Maya farmers, instead, saw opportunities in the diverse microclimates 
on the landscape, practicing forms of “precision agriculture” to take advantage of 
this variability (Fedick 2014; Flores-Delgadillo et  al. 2011). Microenvironments 
with diverse soil and water resources are found throughout the Maya Lowlands, 
including soil-filled karstic sinkholes, depressions of varying sizes, and even small 
bedrock cavities. The potential of these diverse landscapes is recognized in contem-
porary ecological knowledge, and almost every type of landscape was used in the 
ancient past, as evidenced in settlement locations and engineering features.

Furthermore, food residue research has revealed not simply the use of infield 
gardens and outfield milpas but rather a range of diverse places. The various food 
plant residues from these places indicate nuanced perceptions of local ecologies 
and degrees of domesticity (Goldstein and Hageman 2010; Slotten et  al. 2020), 
where “agricultural land, both irrigated and rain fed, lies in an intermediate position 
between fully social and fully natural space” (Hanks 1990, p. 306). Engineering and 
management of wetland areas are reflected in botanical assemblages containing taxa 
of wetland plants (Goldstein and Hageman 2010) and the movement of periphyton 
from wetland areas into dryland fields (Fedick and Morrison 2004). Maya lowland 
environments were quite diverse, perceived as such, and accounted for in traditional 
ecological knowledge, agricultural strategies, and landscape management.

Emphasizing Heterogeneity of Agricultural Strategies

In older models, scholars argued that increasing populations from the Preclassic 
through Classic periods led to increasing deforestation and environmental degrada-
tion. Using many new lines of evidence, however, we suggest a more complicated 
narrative. We find increasing evidence for the slowing of deforestation and erosion 
at several sites during the Classic period, and even some faunal studies (Emery 
and Thornton 2008) show no loss of species diversity as would be expected with 
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deforestation and habitat loss. In some cases, it appears that ancient Maya farmers 
slowed soil erosion through carefully tailored engineering strategies, indicating for-
ward-looking slope management (Beach et al. 2018; Dunning et al. 2009). Further-
more, in some cases, the effects of Preclassic erosion actually created new favorable 
conditions for agriculture at footslopes and bajo margins.

Ancient Maya people recognized and took advantage of natural features and 
microclimates (e.g., rejolladas and bedrock cavities), adapting agricultural strategies 
to these diverse micro-habitats. Overall, landscape engineering for agricultural pro-
duction has proven to be widespread and varied, from terracing of slopes to modifi-
cation of wetlands, with adaptations fine-tuned to local conditions and responding to 
environmental changes, both natural and human induced.

Complementary techniques of artifact residue analysis, microbotanical analysis 
of sediments, and macrobotanical analysis of charred remains have yielded multi-
ple sorts of foodstuffs, indicating a wide range of growing and managing practices. 
These various data points—phytoliths, starch grains, and macrobotanical remains—
have helped widen the spectrum of economic plants and broaden the “vocabulary” 
of agricultural practices in the Maya area. The diversity of plants recovered is a 
good index of the broad range of plants, practices, and ethnoecological relationships 
described in the ethnographic literature (e.g., Anderson 1995; Atran 1993; Hanks 
1990; Killion 1990). This ethnographic literature also illuminates the seamless 
blending of agroforestry, horticulture, and annual cultivation strategies represented 
in the archaeobotanical record (Goldstein and Hageman 2010; Rushton et al. 2020). 
Furthermore, plant assemblages from site to site, and over time, reveal the diverse 
strategies that different communities employed across the Maya Lowlands.

Combining the botanical evidence and features marking the landscape, we see 
evidence of polycultural strategies, the use of the managed successional cropping 
system as described above, and rich mosaics of agricultural and forest management 
strategies. Arboriculture offers one particularly rich area of complementary study, 
with the combined available evidence of archaeological chich mounds, the use of 
rejolladas, fruit tree residues in the form of wood, fruit, and seeds, microbotani-
cal remains, and genetics research on modern tree populations. Further research is 
needed, however, into how ancient Maya people matched the specific needs of cer-
tain plants to the suitability of specific microenvironments.

Reconsidering Centrality of Maize in Subsistence and Agriculture

How to evaluate the relative contribution of different foodstuffs (cereals, geophytes, 
vegetables, fruits) in the diet of ancient Maya, people is a key question in the debate 
over the centrality of maize prior to Spanish contact. In our review, we have noted 
that some taxa such as maize, nance, and palms are well represented in the archaeo-
logical record (Fig. 6; Supplemental Table 1), while other taxa such as papaya and 
allspice are rather uncommon in botanical residues, despite their wide distribution in 
forests, managed farmlands, and homegardens today. Determining whether this ubiq-
uity reflects actual differences in the use of these plants is complicated by our lim-
ited knowledge regarding the taphonomy of plant remains in the tropics. Variation 
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in taphonomic processes depends on preservation conditions and taxa physiologies. 
In temperate regions, cereals and pulses are more frequently preserved by carboni-
zation, while waterlogged features such as wells usually yield more diverse assem-
blages including more fruits and oil seeds (e.g., Marinval 1999; Ruas and Bouby 
2010). In the Maya area, the fact that macrobotanical remains are predominantly 
preserved by carbonization may imply similar biases in the representation of taxa, 
just as combustion differently impacts tropical wood taxa (Dussol et al. 2017b).

In spite of these complications, paleoethnobotanical studies offer a few hints as to 
how our perceptions of maize might be shifted. Given the botanical evidence, some 
Maya subsistence regimes relied heavily on orchard cultivation and forest manage-
ment practices (Goldstein and Hageman 2010; McKillop 1994; Morell-Hart 2020). 
In some cases, tree crops were indispensable elements of ritualized practice (More-
hart and Butler 2010) and indices of local, specialized ecological knowledge (More-
hart and Helmke 2008; Morell-Hart 2020; Thompson et  al. 2015b). Ubiquities of 
taxa indicate some tree fruits were consumed in as many locations as maize in feast-
ing deposits (Cagnato 2016, p.183), though maize was dominant in overall quantity. 
We find ample evidence of arboriculture not simply through these food residues but 
also through features as we previously described.

Furthermore, researchers have recovered residues of geophytes from almost as 
many locations as maize, in every case where microbotanical studies have been car-
ried out (see tables of Cagnato 2016, pp. 102, 183, 215, 264; Cagnato 2017, p. 82; 
Cavallaro 2013, , pp. 55, 59; Craig 2010, pp. 168, 179; Cummings and Magennis 
1997, p. 215; Dedrick 2014, p. 74; Devio 2016, pp. 106, 111; Lentz 1999, p. 9; 
Morell-Hart et  al. 2021; Novelo-Pérez et  al. 2019; Rosenswig et  al. 2014; Santini 
2016, p. 190; Simms 2014, p. 291; Slotten 2015, p. 173; all broadly summarized 
in Supplemental Table  1). Maize quantity may be equivalent to achira, manioc, 
and sweet potato on some artifacts (e.g., Cagnato 2016, p. 215), while manioc field 
space may be equivalent to that of maize in thus-far excavated areas at Joya de Cerén 
(Sheets et al. 2012). The high ubiquity of geophyte crops, particularly where micro-
botanical analysis is used, reveals their high value to Maya farmers in antiquity. We 
would, thus, characterize maize as sometimes more dominant in agricultural strat-
egies, but sometimes less dominant, instead operating as a “peer” member of an 
assemblage that included many other types of foodstuffs including geophytes and 
tree crops.

Displacing Centrality of Milpa System as Food Base

In addition to the high number of geophyte crops incorporated into Maya agricul-
tural systems, there is an extended and rich history of the use of non-domesticates 
by various peoples throughout Mesoamerica, from the deep past into the present. 
Whether foodstuffs are used in some other way, a variety of plants was involved 
in a wide array of practices. The dynamic and polycultural successional cropping 
system seems the best model for millennia of Maya agricultural practices, as this 
model folds in milpa strategies yet also accounts for horticulture, homegardens, 
agroforestry, and the management of wild commons. The array of food plant 
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remains, combined with the variety of food-productive features, reveals the range 
of options taken by Maya farmers to broaden their food base.

We see some fixity over centuries, at least in the legacy of silvicultural prac-
tices, as documented at Tikal (Thompson et al. 2015b). Crane (1996) utilized pol-
len and carbonized botanical remains from the Late Formative site of Cerros to 
reveal changes and continuities of subsistence and, by implication, agricultural 
practices. She indicated that the cultivation of staple crops like squash and maize 
maintained prominence over time, whereas utilization of alternate resources 
increased at about 100 BC. Crane (1996) claims the use of non-staple crops, such 
as tree fruits, also corresponded with an increase in social stratification. Dussol 
and colleagues (2021a) also detected an intensification of arboriculture of fruit 
trees in Naachtun at the time of the city apogee. Miksicek (1990) reviewed taxa 
and likely agricultural practices in wetland areas of Belize. In this ecological 
context, he found evidence for change over time from occasional and intermit-
tent planting to regular flood-recessional cropping, and then later difficulties with 
increased sedimentation and a decrease in the fallow cycle. Similar to Miksicek 
(1990), McNeil (2002) and Johnston and colleagues (2001) have revealed data 
that support a model of increased deforestation over time, which Miksicek associ-
ated with swidden agricultural practices.

Evidence of shifts toward arboricultural intensification is correlated in some 
cases with evidence of increasing political authority. Elite control of forest 
resources through the management of high-value orchards is suggested in Classic 
period imagery (see Santini 2016). Nevertheless, the nature and location of such 
tree groves are difficult to trace, except when exceptional preservation condi-
tions allow precise spatial reconstructions as at Joya de Cerén (Lentz et al. 2015; 
Slotten et al. 2020), or through concentrations of chich mound features or poten-
tially rejolladas. Scholars have suggested that rejolladas were valued microen-
vironments for cultivation of plants such as cacao, outside of their natural range 
(Gómez-Pompa et al. 1990; Kepecs and Boucher 1996).

Changing trends in resource use could also reflect an intensification of trade 
of plant products that may have been distributed in markets without elite con-
trol (Cliff and Crane 1989; Dahlin et al. 2005). Despite not easy for scholars to 
demonstrate through standard paleoethnobotanical methods, interregional trade 
of plant products has been considered as a probable component of pre-Columbian 
Maya economies (Fedick 2017; Lentz 2000). However, apart from luxury goods 
such as cacao seeds, incense resin, rubber, and perhaps pine wood (Coggins and 
Ladd 1992; Lentz et al. 2005), interregional trade of agricultural products has not 
been addressed. Both the perishable nature of plants and the burden of transport-
ing large quantities of staple food have been considered critical limits to such 
long-distance trade (Arnauld and Michelet 2004; Voorhies 1982).

Similar to the place of maize in broader subsistence strategies, we would, thus, 
characterize the milpa system as sometimes more dominant in agricultural strate-
gies, but sometimes less dominant, instead operating as a “peer” strategy within a 
suite that included many other types of agricultural practice, including homegar-
dening, arboriculture, and forest management.
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Rethinking Swidden Strategies in Agricultural Practices

As discussed previously, agricultural features and botanical residues reveal a wide 
suite of ancient agricultural strategies, within which swidden held a role. But there 
is disagreement over the impetus, extent, and impact of swidden practices in the 
deep past, as well as their indices in the archaeological record. From estimations of 
wood needs based on ethnographic data, scholars have highlighted the likely com-
peting interest between expanding cultivated areas and maintaining forests for wood 
supply, particularly for fuel (Abrams and Rue 1988; Hansen et al. 2002; Wiseman 
1978). If extensive slashing-and-burning was the main agricultural strategy used 
by the ancient Maya, then expanding fields and reducing periods between cultivar 
plantings to meet the staple food needs of growing populations would have indeed 
dramatically accelerated deforestation.

However, Alexander (2006, p. 453), addressing shifts in the Spanish colonial 
and historic periods, noted: “Research in archaeology, ethnohistory, and ethnog-
raphy overwhelmingly demonstrates that the swidden hypothesis mischaracterizes 
the complexity and intensity of Maya subsistence over the long term… Practice 
of extensive slash-and-burn agriculture is linked to the political and technological 
changes instituted after Independence, when settlement nucleation was enforced by 
the state and metal tools became increasingly available.”

Moreover, swidden practices appear quite diverse, in timing, intensity, and scale. 
The study of paleoethnobotanical remains, interwoven with paleofire studies, has 
shed new light on arboricultural practices, forest management, and more broadly 
economic systems for pre-Columbian Maya people. Evaluating the historical time 
depth of human practices such as swidden is indeed a key prerequisite to under-
standing the long-term ecological impact of human activities. In this view, Thomp-
son and colleagues (2015b) confronted the charcoal record of Tikal with the cur-
rent composition of forests. They demonstrated that the order of taxa importance is 
correlated in both records with what they interpret as evidence of the low impact, 
which the Maya of Tikal had on the forest composition over the long term. In the 
same vein, the remote sensing study by Hightower and colleagues (2014) in Cara-
col shows that pre-Columbian terraces have durably impacted the structure of the 
canopy by modifying the topography and soil chemistry. Both studies are in line 
with ecological data that show prehistoric human settlements had long-lasting, indi-
rect repercussions on ecosystems, for example, by creating optimal growing condi-
tions for certain species (e.g., Graham et al. 2017; Ross and Rangel 2011). On the 
contrary, the ecological dynamism of tropical environments implies that even inten-
sively cultivated tree species may be rapidly replaced by more competitive species 
after human activities cease (Peters 2000). All these factors point toward slashing-
and-burning as a complicated part of lowland Maya agriculture, but by no means, 
the sole part or universally destructive.

We also wish to call attention specifically to the “fallowing” practices that form 
a part of the swidden cycle. The term “fallow” has a historical specificity that may 
render it a poor choice for Maya agricultural practices. “Fallow” specifically refers 
to fields that have been plowed but left unplanted for a year or more to reduce weeds, 
according to the Oxford English Dictionary. But in the Maya area, specialized, 
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nonfood crops referred to as “fallow crops” are sometimes cultivated in fallow 
fields. These crops are also grown primarily to suppress weeds and pathogens and to 
increase soil organic matter, then cut and mulched before a regular cropping cycle. 
This practice is very different than the function and management of the traditional 
“fallow” field. In our findings, the “fallow” milpa is either left unmanaged to allow 
natural succession (while still exploited for useful plants) or is actively managed 
to encourage a controlled and productive succession. For these reasons, we instead 
suggest “periods between cultivar plantings,” and “milpas undergoing managed suc-
cession,” to describe lowland Maya time periods and places currently delineated as 
“fallow.”

Reevaluating Dominance of Maize Crop Failure in Social Models

The widespread abandonment of large Maya centers during the Terminal Classic 
period in the southern Maya Lowlands implicates both broad shifts in demograph-
ics and radical disruptions in rulership. What is often termed the Maya “collapse” 
instead represents a complex convergence of observations related to meteorological 
droughts, warfare, fewer representations of divine rulership, disruptions to supply 
chains (staple and sumptuous), shifts in trade routes, and reduction of actively occu-
pied settlements (Aimers 2007; Aimers and Hodell 2011; Yaeger 2020). Further-
more, it is difficult to resolve the tempo of the southern collapse with sufficient tem-
poral granularity, and this core problem of collation, as Yaeger has noted (2020), is 
compounded by issues of correlation between transformations and, moreover, estab-
lishing causality between them.

One key issue with many traditional models of the relationship between food pro-
duction and society, especially regarding resilience and collapse, is that these models 
generally presume wholesale agricultural societies. Malthusian perspectives define 
limits to land and, thus, population and food supply. Boserupian models address lim-
its to land, adjusted by innovation in agriculture (Boserup 1976). Burbankian mod-
els address the potential of genetic selection to increase agricultural output (Bur-
bank 2004). Geertzian models present involution as a problem of increased outputs 
(though not per person) (Geertz 1963). Brookfieldian perspectives incorporate the 
importance of social production and social returns, beyond simple caloric returns 
(Brookfield 1972). All these calculations of limitations and affordances, and their 
impacts on populations and environments, are based on agricultural production 
and the cultivation of key staple crops (usually grain) as the primary mode of food 
acquisition.

For decades, scholarly literature has documented how the extensive cultivation 
of maize spurred increasing population density and social complexity throughout 
the Maya area. In these narratives the triad of maize, beans, and squash was consid-
ered the cornerstone of society and its survival, with most social and ritual practice 
oriented toward ensuring high agricultural yields. In this model, the primary locus 
of food production is the milpa, a field where the triad of cultivars is produced. The 
milpa is prepared by slashing-and-burning “virgin” areas, then planting occurs in the 
cleared field. Periodically, as the soil nutrients are depleted and weed competition 
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increases, these milpas are left “fallow” until used again several crop cycles later. 
The organization of society is based on the organization of this agricultural produc-
tion. Active landscape management is, thus, oriented toward maize agriculture, with 
a slight nod toward the use of forest products and fallow fields.

Fedick and Santiago (2022) have conducted an analysis of the drought resistance 
of all 497 documented indigenous food plants of the Maya Lowlands. The milpa 
triad of maize, beans, and squash is composed of annual plants that are highly sus-
ceptible to drought. The impact of meteorological droughts on agriculture is not cer-
tain or clear. Depending on the seasonality of rainfall during drought, there could 
have been a disruption of plant food availability, but the diversity of plants and their 
edible parts could have averted famine.

While maize has mild drought resistance due to the C4 photosynthetic pathway, 
none of the triad would produce any food during moderate or extreme droughts 
(Fedick and Santiago 2022). In contrast, physiological attributes of other available 
food plants (such as manioc and chaya) render over 70% of them highly drought 
resistant, potentially providing a wide variety of foodstuffs under all but the most 
extreme drought conditions (Fedick and Santiago 2022). The failure of annual 
domesticates during drought conditions highlights the lack of resilience in cases 
where reliance on milpa cultivation is the sole subsistence strategy. During times of 
drought (as well as excess rain), the Maya could have turned to the perennial crops 
of the homegarden and forest garden, as well as the rich diversity of non-domesti-
cated plants of the forest. We prefer to think of these non-milpa crops as resilient 
foods rather than famine foods, as most were used on a regular basis, as reflected 
in recovered paleoethnobotanical remains. The diversity of food plants cultivated 
in Maya agriculture and horticulture, and gathered from differing ecosystems, pro-
vides a great deal of flexibility and resilience when challenged with natural events 
such as drought or excessive rainfall. The decrease in available food sources under 
increasing climatic stress represents a slow chipping away of resources with ample 
opportunity for adjusting agricultural strategies rather than sudden or unavoidable 
agricultural collapse.

For these reasons, we argue for the need to shift from using maize production, 
or potential maize production, as the single measure of “carrying capacity” or pro-
ductiveness of land resources. Different agricultural products—abundant in the 
paleoethnobotanical record—also have different soil and moisture preferences. 
Future models need to recognize variation in land suitability for these different agri-
cultural products and incorporate the variety of food plants and cropping systems 
into food production and carrying capacity estimates. No archaeological study thus 
far accounts for the food production capability of homegardens or geophytes, as 
most address potential maize production in milpa fields.

Furthermore, our review of the literature over the past several decades also 
reveals much more evidence of intensive cultivation systems than solely extensifica-
tion systems. As Alexander (2006, p. 454) noted: “Smallholders are likely to adopt 
‘non-Boserupian’ patterns of intensification. Such factors include social production 
for prestation, ceremony, or ritual; market incentives; risk minimization; the avail-
ability and cost of agricultural technology; and the degree to which the state ‘med-
dles’ in land ownership, labor organization, disposal of produce, and availability of 
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capital and credit.” Combining various food production strategies (including ter-
raforming/land engineering features) and diversifying cultivated taxa would have 
helped ancient Maya farmers, artisans, and royalty mitigate ecological risk (Montero 
López et al. 2016) as well as maximize culinary elaborations (Slotten et al. 2020).

Caveats and Comments

We acknowledge that our survey of the literature reflects several biases, not simply 
in the perspectives and skill domains of the authors. The data are biased toward vis-
ibility of remains (subject to taphonomic processes) and analytical foci of research 
programs (variable across the Maya Lowlands). There are temporal biases, as well, 
with more attention paid to the Classic and (secondarily) Formative/Preclassic peri-
ods, while less direct evidence of agricultural strategies has emerged in the Maya 
area from the Archaic (where agriculture is incipient), Postclassic, and Spanish 
colonial periods. The colonial period, in particular, has been subject to general reli-
ance on historic documents, while understandings of the Late Postclassic period, 
given proximity to the colonial period, borrow much from this same literature.

Integrating botanical datasets is also a complex endeavor (Morell-Hart 2019), 
especially given the complexity and tempo of different kinds of investigations and 
the paucity of scholars to carry out certain types of analyses. Analyses of botanical 
remains are time consuming. Results of these analyses often make their way into 
appendices instead of the main text when they arrive long past analyses of other 
types of data. Promisingly, however, scholars are revisiting old studies and folding 
them into new interpretations by robustly integrating datasets using GIS, among 
other techniques (e.g., Farahani et al. 2017a, b). One area that is particularly ripe for 
such integration is the pairing of soil enrichment studies and paleoethnobotanical 
analysis. This includes the interpretation of stable carbon isotope enrichment studies 
of soils that equate C4 signatures with maize cultivation. Besides maize, the Maya 
made use of 14 other food plant species that use the C4 photosynthetic pathway 
(Fedick and Santiago 2022). Furthermore, many of the early succession “weeds” 
that would grow in milpas, terraced fields, and similarly disturbed locations are also 
C4 plants.

Finally, many other agricultural strategies used by Maya farmers are known from 
the ethnographic record but have much less visibility in the archaeological record, or 
they have simply been much less explored. Although we know these strategies to be 
critical to agricultural success, archaeologists have amassed little evidence to date 
of these strategies. Areas ripe for further research include insect pest and beneficial 
pollinator management, timing and seasonality of crops in the short arc of succes-
sional management, and crop and food storage and preservation techniques.

Although we are unable to control for specific taphonomic processes across the 
Maya Lowlands, we offer a few brief suggestions to build a more robust dataset 
for the region and to help answer agricultural questions specific to particular loca-
tions and time periods. We suggest the systematic collection of at least one liter of 
unscreened sediments for processing to retrieve floral and faunal remains; regular 
screen collection and curation of botanical items; early consultation with botanists, 
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ecologists, and paleoethnobotanists to maximize sampling strategies and recovery; 
and leaving artifacts and human teeth unwashed where possible or selecting a subset 
for future microbotanical or chemical analyses.

We recommend that all such efforts be undertaken with prior knowledge of which 
sorts of analyses will best reveal targeted taxa (Fig. 6). Here, we highlight the high 
potential visibility of residues from maize (Zea mays), squashes (Cucurbita), and 
beans (Phaseolus) across various types of paleoethnobotanical analyses, as com-
pared to all other taxa; amplified visibility of geophytes such as achira (Canna), 
sweet potato (Ipomoea), arrowroot (Maranta), and manioc (Manihot) through starch 
grain and phytolith analyses; and exclusive visibility of many non-domesticated 
taxa and fruit trees such as papaya (Carica papaya), cacti (Cactaceae spp.), sapotes 
(Sapotaceae spp.), nance (Byrsonima crassifolia), ramón (Brosiumum alicastrum), 
and allspice (Pimienta dioica) through seed, fruit, and wood analyses.

Conclusions

In this review, we have documented challenges to several inherited models of 
agriculture in the Maya Lowlands: the limitations of the environment (more affor-
dances), the homogeneity of agricultural strategies (more heterogeneity), the cen-
trality of maize in agriculture (more reliance on root crops and tree crops), the focus 
on the milpa system as food base (more agroforestry, homegardening, horticulture, 
and wild resource management), the dominance of swidden strategies in agricultural 
practices (more evidence of landscape and soil modification), and the foreground-
ing of maize crop failure in collapse models (more evidence of resilience and sus-
tainable agricultural practices). New methods and models since 1990 have shifted 
understandings in three key areas: agricultural engineering and landscape modifica-
tions (the focus of our companion article), forest management and wood residues, 
and food plants and food residues. The old models have been found wanting under 
the scrutiny of new datasets.

If we take the documentary evidence at face value, then we inherit the dominant 
perspective from de Landa. De Landa’s documentation was written in 16th century 
Spain and organized according to core principles of Spanish cuisine: based on staple 
grains, pulses, and domesticated animals, the use of plow agriculture, and with the 
occasional inclusion of key fruits and nuts. In writing about Maya lifeways, “Their 
principal sustenance is maize,” de Landa noted in his 1566 document (Tozzer 1941, 
p. 34). When scholars mine historic accounts, such as those of de Landa, in search 
of analogs for ancient lifeways, maize is modeled as the cornerstone of subsistence 
for over 2000 years, and maize-cropping practices are seen as relatively homogene-
ous across time and space. Using this analogy for Maya agricultural practices, we 
would, thus, expect maize to be highly ubiquitous across sites and within sites, and 
for maize to be the relatively dominant species in all botanical assemblages. The eth-
noecological implications would include deforestation, soil erosion, and other mala-
dies linked to high maize production and frequent cropping cycles. Meanwhile, soci-
ocultural factors (warfare) and climatological factors (drought) would be expected 
to exacerbate lower crop production resulting from such troubles. Ultimately, in this 
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model, maize crop failure of some form could result in the collapse of society (e.g., 
Brewbaker 1979).

For the past several decades, however, scholars have turned greater attention to 
actual remains of foodstuffs and evidence of activities in the landscape. They have 
also formulated more queries regarding sustainable agricultural strategies and resil-
ience. As outlined in our review, early challenges to the model of maize/milpa/swid-
den primacy emerged from settlement studies that revealed such features as chan-
neled fields (e.g., Siemens and Puleston 1972) and from archaeobotanical studies 
that revealed such cultivars as geophyte crops (e.g., Hammond and Miksicek 1981). 
Such studies have intensified over the past several decades, revealing sustainable 
agricultural practices (e.g., Lentz et  al. 2015 at Tikal), disputing deforestation for 
milpa fields as a cause of collapse (e.g., McNeil et  al. 2010 at Copan), expand-
ing techniques of soil enrichment (e.g., Fedick and Morrison 2004 in the Yalahau 
region), expanding the potential importance of geophyte crop cultivation (e.g., 
Sheets et al. 2012 in El Salvador), and illuminating the role of long-term forest man-
agement in ancient communities (e.g., Ford and Nigh 2016 in Belize).

As with other types of economies, the development and movement of agricultural 
strategies had to do with logics and cosmologies of the ruling class (Beliaev et al. 
2010; McNeil 2010; Morehart et al. 2005; Stuart 2006), local socio-environmental 
dynamics (Fedick 2017; Lentz et al. 2015; Simms 2014), and quotidian household 
activities (Farahani et al. 2017b; Sheets 2000; Simms 2014). Agricultural practices 
were, thus, directly linked to social factors as well as environmental conditions, even 
implicating models of rulership. In a footnote in Against the Grain: A Deep History 
of the Earliest States, Scott (2017, pp. 268–269) notes that he has made a distinction 
between “‘state’ crops like rice” and “‘state-evading’ crops like cassava and pota-
toes,” arguing that states depend on grain crops that are grown in fixed fields and 
that “populations wishing to evade taxation and state control adopted subsistence 
strategies such as root crops, swidden, shifting cultivation, hunting, and foraging to 
place themselves outside of state control.”

However, in a push against the grain in Against the Grain, a number of scholars 
now highlight the role of root crops and agroforestry practices in broader political 
systems. As Cyphers et al. (2013, p. 594) note in their response to Killion (2013), 
“staggered, vegetative propagation may be considered a form of ‘in-ground’ storage, 
and, as well, the sundried fibrous roots, once ground into flour, may be stored for 
consumption during the midsummer drought and high flood season.” Atran (1993) 
makes the claim that the decline of Late Classic populations in the southern low-
lands may even be attributable to a turn from the multicropping and tree-tending 
systems of earlier time periods toward a more intensive and parasitic agro-engineer-
ing system that pivoted around fewer cultivated species and crop cycles.

It is undeniable that radical demographic shifts unfolded across the Maya Low-
lands at several points in time and over several centuries. But the impetus and 
impacts of these shifts are worthy of critical reappraisal. Regardless of which seg-
ments of society or which systems “collapsed,” the timing of this “collapse” across 
the Maya Lowlands, or the different manifestations of “collapse” in Maya society, 
new data increasingly lead scholars to model resilience, sustainability, and survi-
vance alongside more dire models of social upheaval in response to crop failure 
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(Fedick and Santiago 2022; Lentz et al. 2018; Macrae 2017; McAnany and Negrón 
2010; Zimmermann 2019). As we have documented in this article, mounting evi-
dence over the past 30 years reveals more resilience built into ancient Maya commu-
nities, in terms of available food options and environmental management strategies.

Such studies have led to new trajectories of research: approaches to polyculture, 
successional system management, and “managed mosaics” (Fedick 1996c) of land-
scape. In this lowland Maya mosaic, mixed plant practices appear relatively het-
erogeneous across time and space. Maize, though relatively common across Clas-
sic period sites for certain segments of population, was not the only cultivar. We 
find abundant evidence of multiple strategies that incorporated non-domesticates, 
tree crops, and geophyte crops across time and space. We see landscape engineer-
ing manifested in various ways: soil management, slope management, field-surface 
management, and wetland management. The ethnoecological implications of this 
evidence are that some locations in the Maya Lowlands had low resilience, while 
many other locations had high resilience potential through the multiple sustainable 
practices already in play. In terms of societal impacts, we find the disappearance of 
one set of lifeways in some locations for some segments of the population, but the 
resilience of Maya populations as a whole through a blend of migrations, mainte-
nance of sustainable practices, and the development of new strategies in response to 
crisis.

Past to Future

Archaeological research on ancient agricultural systems has contributed greatly to 
understandings of ancient societies, where researchers have taken an ethnoecological 
perspective and considered the longue durée. We hope this broad review of new evi-
dence provides scaffolding for the next step: spatio-temporal analysis of the arrival 
and development of key cultigens and practices at the regional level. But beyond 
documenting the particulars of ancient societies, what might be some contributions 
of archaeological studies to contemporary agricultural practices and governmental 
policy directives, both in the Maya Lowlands and elsewhere in the global tropics? 
Archaeological datasets have been interpreted for contemporary narratives in three 
primary ways: preserving “timeless values,” revealing cautionary tales, and actively 
strategizing for the future. More simply, modern narratives about current anthropo-
genic impacts already draw from archaeology to restore, to revitalize, to sustain, and 
to warn (e.g., Diekmann et al. 2007; Montagnini 2006; Renard et al. 2012; Stannard 
et al. 2004; Tainter 2014). Public policies and governmental initiatives have drawn 
from archaeological research to address traditional cultivation techniques, revitaliza-
tion of crops and practices, health issues, dietary concerns, food security, and the 
curation of biodiversity. Such initiatives have taken the form of heirloom seed distri-
bution, plant curation, ancient cuisine workshops, and even the expulsion of GMO 
crops from farmlands.

Building big picture views of the landscape has real-world impacts. Echoing 
Alexander’s comments on Maya settlement (2006, p. 450), we could argue that 
forms of contemporary Maya agriculture were not cemented in the ancient past but 
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are instead “a sensitive indicator of the ecological, political economic, and social 
changes that reshaped the cultural landscape of the nineteenth and twentieth centu-
ries.” Rather than “cultural survival,” Alexander (2006, p. 465) writes, “extensive 
shifting cultivation and down-the-line settlement expansion should be viewed as a 
short-term adjustment by smallholders for coping with demographic collapse, politi-
cal turmoil, and local violence.”

Positioning ancient Maya people as attentive and careful stewards of the environ-
ment has implications for modern Maya people (Ardren 2006; Fedick 2003), who 
did not “choose to fail” in the sense of Diamond (2006). Generally, forest conser-
vation and restoration efforts are aided by a deep-time understanding of ecologi-
cal dynamics (Ford and Clarke 2002). In several cases, such archaeological research 
has been incorporated directly into public action. Scholars are engaged in ongoing 
work to connect farmers and researchers (Allen et al. 2003; Jiménez-Osornio 2003), 
adjust to global and local food crises (Doolittle et al. 2002; Zarger 2009), understand 
contemporary soil erosion (Beach 1998), enhance sustainability (Kennett and Beach 
2013; Tainter 2014), and reduce farmer vulnerability (Fisher 2020; Vallejo Nieto 
et al. 2011).

For these reasons, it is critical to reappraise old models of agriculture in the trop-
ics, not only to more accurately represent people in the past but to more meaning-
fully contribute to resolving issues in the present, including environmental justice, 
deforestation, neoliberal agrarian reform, and other critical issues (Abramiuk et al. 
2011; Briggs et al. 2006; Dine et al. 2019; Eusebio 2020; Fisher 2020; Guttmann-
Bond 2010, 2014; Hayward and Kuwahara 2012; Logan 2013; Mann 2004; Montag-
nini 2006; Renard et al. 2012; Zimmermann 2019). Our synthesis of recent findings 
has indicated an extensive use of geophyte crops as well as wild plants (vs. maize as 
exclusive staple); wide spectra of procurement and production strategies from for-
ests, swamps, and uncultivated areas (vs. exclusive cultivation practices); the main-
tenance of wild stands and careful management of forest resources; heavy reliance 
on horticultural and homegarden products; and a wide array of agro-engineering 
strategies tailored to varying and dynamic conditions. These findings have led us 
and other researchers to reconsider environmental relationships, societal collapse, 
and societal resilience.

How might we negotiate productivity and sustainability (through many cultural 
and natural definitions)? The record of ancient tropical agricultural strategies in the 
Maya area reveals several pathways to natural and cultural sustainability: striving for 
agricultural productivity with and without surplus; using local ingredients and those 
adapted from similar ecological regimes; growing various types of crops—grain, 
root, and tree; incorporating various types of ingredients—domesticated, managed, 
and collected; and molding landscapes and sediments to encourage sustainable 
agriculture.

Which alternate farming solutions might we offer, based on archaeological 
research and understandings of traditional ecological knowledge in the Maya area? 
Ancient tropical agricultural strategies offer contemporary pathways here as well: 
modeling community-based agriculture, using ancient techniques and techniques 
passed down over generations, approaching agriculture holistically as part of liv-
ing ecosystems and living cultures, recentering horticulture and plant management, 
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and incorporating alternatives to swidden practices. We see great potential in future 
work that is more deeply collaborative, where farmers and archaeologists closely 
align research strategies, interpretations, and outcomes through frameworks offered 
by contemporary Indigenous archaeology and community-engaged archaeology (see 
Schneider and Panich 2021).

Finally, which new agricultural strategies could be inspired—or discouraged—
by ancient practices? Here the archaeological record yields several ideas: avoiding 
overreliance on monocrops and grain crops, maintaining seed banks and diverse 
genetic portfolios, approaching radical terraforming cautiously, creatively using 
extant topography, using alternate fertilizing agents, and accounting for greater cli-
matological variability than represented in a 100-yr timespan.

The final question we pose instead to readers: which additional agricultural strat-
egies might we consider in an era of radical environmental change?

Supplementary Information The online version contains supplementary material available at https:// doi. 
org/ 10. 1007/ s10814- 022- 09180-w.

Acknowledgments The impetus for the present collaboration emerged from the Millennial Tropical 
Agriculture workshop that was held in Nice in October 2019, where the kernel of this research was first 
presented. We thank the directors, students, volunteers, and seasonal employees of each archaeological 
project; local collaborators in each community who provided research questions, contributed to research 
efforts, and aided in interpretation; laboratory colleagues, project members, and students who aided in 
all steps of analysis; and granting organizations including the Social Science and Humanities Research 
Council, the Canadian Foundation for Innovation, Society of Sigma Xi, National Science Foundation, the 
McMaster Arts Research Board Fund, the French CNRS, the University Côte d’Azur, and the University 
Paris 1 Panthéon-Sorbonne.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as 
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article 
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is 
not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen 
ses/ by/4. 0/.

References Cited

Abramiuk, M. A., Dunham, P. S., Cummings, L. S., Yost, C., and Pesek, T. J. (2011). Linking past and 
present: A preliminary paleoethnobotanical study of Maya nutritional and medicinal plant use and 
sustainable cultivation in the southern Maya Mountains, Belize. Ethnobotany Research and Appli-
cations 9: 257–273.

Abrams, E. M., and Rue, D. J. (1988). The causes and consequences of deforestation among the prehis-
toric Maya. Human Ecology 16: 377–395.

Aimers, J. J. (2007). What Maya collapse? Terminal Classic variation in the Maya Lowlands. Journal of 
Archaeological Research 15: 329–377.

Aimers, J. J., and Hodell, D. (2011). Societal collapse: Drought and the Maya. Nature 479: 44–45.
Alexander, R. T. (2006). Maya settlement shifts and agrarian ecology in Yucatán, 1800–2000. Journal of 

Anthropological Research 62: 449–470.
Allen, M. F., Gómez-Pompa, A., Fedick, S. L., and Jiménez-Osornio, J. J. (2003). The Maya Lowlands: 

A case study for the future? Conclusions. In Gómez-Pompa, A., Allen, M. F., Fedick, S. L., and 

https://doi.org/10.1007/s10814-022-09180-w
https://doi.org/10.1007/s10814-022-09180-w
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


601

1 3

Journal of Archaeological Research (2023) 31:561–615 

Jiménez-Osornio, J. J. (eds.), The Lowland Maya Area: Three Millennia at the Human-Wildland 
Interface, Food Products Press, New York, pp. 623–634.

Anderson, E. N. (1995). Natural resource use in a Maya village. In Fedick, S. L., and Taube, K. A. (eds.), 
The View from Yalahau: 1993 Archaeological Investigations in Northern Quintana Roo, Mexico, 
vol 2, Latin American Studies Program Field Report Series, University of California, Riverside, 
pp. 139–148.

Anderson, L., and Wahl, D. (2016). Two Holocene paleofire records from Peten, Guatemala: Implications 
for natural fire regime and prehispanic Maya land use. Global and Planetary Change 138: 82–92.

Ardren, T. (2006). Is "apocalypto" pornography? Archaeology Online: http:// www. archa eology. org/ 
online/ revie ws/ apoca lypto. html.

Arellano, J. E. (ed.) (2006). Ancient Agriculture: Roots and Application of Sustainable Farming, Ancient 
City Press, Salt Lake City, UT.

Arnauld, M.-C., and Michelet, D. (2004).Nature et dynamique des cités mayas. In Annales, Histoire, Sci-
ences Sociales, vol. 1. Cambridge University Press, Cambridge, pp 73–108.

Atran, S. (1993). Itza Maya tropical agroforestry. Current anthropology 34: 633–700.
Beach, T. (1998). Soil catenas, tropical deforestation, and ancient and contemporary soil erosion in the 

Petén, Guatemala. Physical Geography 19: 378–405.
Beach, T., and Dunning, N. (1997). An ancient Maya reservoir and dam at Tamarindito, Peten, Guate-

mala. Latin American Antiquity 8: 20–29.
Beach, T., Dunning, N. P., Luzzadder-Beach, S., Cook, D. E., and Lohse, J. (2006). Impacts of the ancient 

Maya on soils and soil erosion in the central Maya Lowlands. Catena 65: 166–178.
Beach, T., Luzzadder-Beach, S., Cook, D., Krause, S., Doyle, C., Eshleman, S., et al. (2018). Stability 

and instability on Maya Lowlands tropical hillslope soils. Geomorphology 305: 185–208.
Beach, T., Luzzadder-Beach, S., Dunning, N. P., Hageman, J., and Lohse, J. (2002). Upland agriculture 

in the Maya Lowlands: Ancient Maya soil conservation in northwestern Belize. The Geographical 
Review 92: 372–397.

Beach, T., Luzzadder-Beach, S., Krause, S., Guderjan, T., Valdez, F., Fernandez-Diaz, J. C., Eshleman, 
S., and Doyle, C. (2019). Ancient Maya wetland fields revealed under tropical forest canopy from 
laser scanning and multiproxy evidence. Proceedings of the National Academy of Sciences 116: 
21469–21477.

Beliaev, D., Davletshin, A., and Tokovinine, A. (2010). Sweet cacao and sour atole: Mixed drinks on 
Classic Maya ceramic vases. In Staller, J. E., and Carrasco, M. D. (eds.), Pre-Columbian Food-
ways: Interdisciplinary Approaches to Food, Culture, and Markets in Ancient Mesoamerica, 
Springer, New York, pp. 257–272.

Beltrán Frías, L. (1987). Subsistencia y aprovechamiento del medio. In Manzanilla, L. (ed.), Cobá, Quin-
tana Roo: Análisis de dos unidades habitacionales mayas, Universidad Nacional Autónoma de 
México, Mexico, p. 213.

Benedict, F. G., and Steggerda, M. (1936). Food of the present-day Maya Indians of Yucatán. Carnegie 
Institution of Washington Publications 1937: 155–188.

Benz, B. F., Santana M., F., Cevallos E., J., Munoz M., E., Rosales A., J., and Rosales A., M. (1997). 
The structure and productivity of relict stands of pitaya (Stenocereus queretaroensis; Cactaceae), 
Jalisco, Mexico. Economic Botany 51: 134–143.

Bérubé, É. (2018) Pilot study of microbotanical remains at Palenque (PRP-2016), Chiapas. McMaster 
Paleoethnobotanical Research Facility (MPERF), Hamilton, ON

Boserup, E. (1976). Environment, population, and technology in primitive societies. Population and 
Development Review 2: 21–36.

Brewbaker, J. L. (1979). Diseases of maize in the wet lowland tropics and the collapse of the Classic 
Maya civilization. Economic Botany 33: 101–118.

Briggs, J. M., Spielmann, K. A., Schaafsma, H., Kintigh, K. W., Kruse, M., Morehouse, K., and Schol-
lmeyer, K. (2006). Why ecology needs archaeologists and archaeology needs ecologists. Frontiers 
in Ecology and the Environment 4: 180–188.

Bronson, B. (1966). Roots and the subsistence of the ancient Maya. Southwestern Journal of Anthropol-
ogy 22: 251–279.

Brookfield, H. C. (1972). Intensification and disintensification in Pacific agriculture: A theoretical 
approach. Pacific Viewpoint 13: 30–48.

Burbank, L. (2004). Short-Cuts into the Centuries to Come: Better Plants Secured by Hurrying Evolu-
tion, Athena University Press, Barcelona, Spain.

http://www.archaeology.org/online/reviews/apocalypto.html
http://www.archaeology.org/online/reviews/apocalypto.html


602 Journal of Archaeological Research (2023) 31:561–615

1 3

Cagnato, C. (2016). A Paleoethnobotanical Study of Two Classic Maya Sites, El Perú-Waka’ and La 
Corona, Ph.D. dissertation, Department of Anthropology, Washington University, St. Louis, MO.

Cagnato, C. (2017). Underground pits (chultunes) in the southern Maya Lowlands: Excavation results 
from Classic period Maya sites in northwestern Petén. Ancient Mesoamerica 28: 75–94.

Cagnato, C. (2019). Hervir y moler: Descifrando tecnicas de elaboracion de alimentos a traves del análi-
sis microscópico de los granos de almidon recolectados en contextos arqueológicos mesoamerica-
nos. Itinerarios 29: 9–33.

Cagnato, C., and Ponce, J. M. (2017). Ancient Maya manioc (Manihot esculenta crantz) consumption: 
Starch grain evidence from late to Terminal Classic (8th–9th century CE) occupation at La Corona, 
northwestern Petén, Guatemala. Journal of Archaeological Science: Reports 16: 276–286.

Campbell, D. G., Ford, A., Lowell, K. S., Walker, J., Lake, J. K., Ocampo-Raeder, C., Townesmith, A., 
and Balick, M. (2006). The feral forests of the eastern Petén. In Balée, W., and Erickson, C. L. 
(eds.), Time and Complexity in Historical Ecology: Studies in the Neotropical Lowlands, Columbia 
University Press, New York, pp. 21–55.

Cavallaro, D. A. (2013). Reconstructing the past: Paleoethnobotanical evidence for ancient Maya plant 
use practices at the Dos Pilas site, Guatemala, M.S. thesis, Department of Biological Sciences, 
University of Cincinnati, Cincinnati, OH.

Chamberlain, R. S. (1948). The Conquest and Colonization of Yucatan, 1517–1550, Carnegie Institution 
of Washington, Washington, DC.

Chase, A. F., and Chase, D. Z. (1998). Scale and intensity in Classic period Maya agriculture: Terracing 
and settlement at the "garden city" of Caracol, Belize. Culture & Agriculture 20: 60–77.

Chase, A. F., Chase, D. Z., Weishampel, J., Drake, J. B., Shrestha, R., Slatton, K. C., Awe, J. J., and 
Carter, W. E. (2011). Airborne LiDAR, archaeology, and the ancient Maya landscape at Caracol, 
Belize. Journal of Archaeological Science 38: 387–398.

Chase, A. F., Lucero, L. J., Scarborough, V. L., Chase, D. Z., Cobos, R., Dunning, N. P., et al. (2014). 
Tropical landscapes and the ancient Maya: Diversity in time and space. Archeological Papers of 
the American Anthropological Association 24: 11–29.

Chase, A. S. Z., and Weishampel, J. (2016). Using LiDAR and GIS to investigate water and soil man-
agement in the agricultural terracing at Caracol, Belize. Advances in Archaeological Practice 4: 
357–370.

Clement, C. R., de Cristo-Araújo, M., Coppens D’Eeckenbrugge, G., Reis, V. M. d., Lehnebach, R., and 
Picanço-Rodrigues, D. (2017). Origin and dispersal of domesticated peach palm. Frontiers in Ecol-
ogy and Evolution 5: 1–19.

Cliff, M. B., and Crane, C. J. (1989). Changing subsistence economy at a Late Preclassic Maya commu-
nity. Research in Economic Anthropology Supplement: 295–324.

Coe, M. D., and Diehl, R. A. (1980). In the Land of the Olmec: The Archaeology of San Lorenzo Tenoch-
titlan, vol. 1, University of Texas Press, Austin.

Coggins, C. C., and Ladd, J. M. (1992). Copal and rubber offerings. Memoirs of the Peabody Museum of 
Archaeological and Ethnology 10: 345–357.

Colunga-García Marín, P., and Zizumbo-Villarreal, D. (2004). Domestication of plants in Maya lowlands. 
Economic Botany 58: S101–S110.

Cowgill, U. M. (1962). An agricultural study of the southern Maya Lowlands. American Anthropologist 
64: 273–286.

Coyston, S. (2002). Noble Chemists and Archaeologists: Chemical Analyses of Food Residues from 
Ancient Maya Vessels, Ph.D. dissertation, Department of Anthropology, McMaster University, 
Hamilton, ON.

Craig, J. H. (2010). Shifting Perceptions of Sacred Spaces: Ceremonial Reuse of Maya Architecture and 
Monuments at San Bartolo, Guatemala, Ph.D. dissertation, Department of Anthropology, Univer-
sity of Kansas, Lawrence.

Crane, C. J. (1996). Archaeobotanical and palynological research at a Late Preclassic Maya commu-
nity, Cerros, Belize. In Fedick, S. L. (ed.), The Managed Mosaic: Ancient Maya Agriculture and 
Resource Use, University of Utah Press, Salt Lake City, pp. 262–277.

Croft, G. K. M. (2012). Evolution and Ecology during Domestication in the Neotropical Fruit Tree, Byr-
sonima crassifolia (Malpighiaceae), Ph.D. dissertation, Department of Biology and Biomedical 
Sciences, Evolution, Ecology and Population Biology, Washington University, St. Louis, MO.

Culbert, T. P. (1977). Maya development and collapse: An economic perspective. In Hammond, N. (ed.), 
Social Process in Maya Prehistory: Studies in Honour of Sir Eric Thompson, Academic Press, 
London, pp. 510–531.



603

1 3

Journal of Archaeological Research (2023) 31:561–615 

Cummings, L. S., and Magennis, A. (1997). A phytolith and starch record of food and grit in Mayan 
human tooth tartar. In Pinilla, A., Juan-Tesserras, J., and Machado, M. J. (eds.), Estado actual ee 
los estudios de fitolitos en suelos y plantas, Centro de Ciencias Medioambientales, Madrid, pp. 
211–218.

Cyphers, A., Zurita, J., and Lane Rodríguez, M. (2013). Response to Killion [2014]: Nonagricultural 
cultivation and social complexity: The Olmec, their ancestors, and Mexico’s southern Gulf Coast 
lowlands. Current Anthropology 54: 594–595.

D’Alpoim Guedes, J., Marston, J., and Warinner, C. (2015). Method and Theory in Paleoethnobotany, 
University Press of Colorado, Boulder.

Dahlin, B. H., Beach, T., Luzzadder-Beach, S., Hixson, D., Hutson, S., Magnoni, A., Mansell, E., and 
Mazeau, D. E. (2005). Reconstructing agricultural self-sufficiency at Chunchucmil, Yucatan, Mex-
ico. Ancient Mesoamerica 16: 229–247.

De Clerck, F. A. J., and Negreros-Castillo, P. (2000). Plant species of traditional Mayan homegardens of 
Mexico as analogs for multistrata agroforests. Agroforestry Systems 48: 303–317.

de Landa, D. (1978 [1566]). Yucatan Before and After the Conquest, Dover Publications, New York.
Dedrick, M. (2014). The distributed household: Plant and mollusk remains from K’axob, Belize, M.A. 

thesis, Department of Anthropology, University of North Carolina, Chapel Hill.
Devio, J. (2016). Reconstructing Late Classic Food Preparation at Xunantunich, Belize, Using Starch 

Grain Analysis, M.A. thesis, Department of Anthropology, University of Texas, San Antonio.
Diamond, J. (2006). Collapse: How Societies Choose to Fail or Succeed, Penguin Group USA, New 

York.
Diekmann, L., Panich, L. M., and Striplen, C. J. (2007). Native American management and the legacy of 

working landscapes in California. Rangelands 29: 46–50.
Dine, H., Ardren, T., Bascopé, G., and Báez, C. G. (2019). Famine foods and food security in the northern 

Maya Lowlands: Modern lessons for ancient reconstructions. Ancient Mesoamerica 30: 517–534.
Doolittle, W. E. (2000). Cultivated Landscapes of Native North America, Oxford University Press, 

Oxford.
Doolittle, W. E. (2004). Gardens are us, we are nature: Transcending antiquity and modernity. The Geo-

graphical Review 94: 391–404.
Doolittle, W. E., Sluyter, A., Perramond, E. P., Crossley, P. L., and Lambert, D. P. (2002). Feeding a 

growing population on an increasingly fragile environment. Yearbook Conference of Latin Ameri-
canist Geographers 27: 45–75.

Drucker, P., and Fox, J. W. (1982). Swidden didn’ make all that midden: The search for ancient Mayan 
agronomies. Journal of Anthropological Research 38: 179–193.

Dumond, D. E. (1961). Swidden agriculture and the rise of Maya civilization. Southwestern Journal of 
Anthropology 17: 301–316.

Dunham, P. S., Abramiuk, M. A., Cummings, L. S., Yost, C., and Pesek, T. J. (2009). Ancient Maya cul-
tivation in the southern Maya Mountains of Belize: Complex and sustainable strategies uncovered. 
Antiquity 83: 1–3.

Dunmire, W. W. (2004). Gardens of New Spain: How Mediterranean Plants and Foods Changed Amer-
ica, University of Texas Press, Austin.

Dunning, N. P. (1996). A re-examination of regional variability in the prehistoric agricultural landscape. 
In Fedick, S. L. (ed.), The Managed Mosaic: Ancient Maya Agriculture and Resource Use, Univer-
sity of Utah Press, Salt Lake City, pp. 53–68.

Dunning, N. P., and Beach, T. (1994). Soil erosion, slope management, and ancient terracing in the Maya 
Lowlands. Latin American Antiquity 5: 51–69.

Dunning, N. P., Beach, T., Farrell, P., and Luzzadder-Beach, S. (1998). Prehispanic agrosystems and 
adaptive regions in the Maya Lowlands. Culture & Agriculture 20: 87–101.

Dunning, N. P., Beach, T., Graham, E., Lentz, D., and Luzzadder-Beach, S. (2018). Maize, manioc, 
mamey, and more: Pre-columbian lowland Maya agriculture. In Reid, B. A. (ed.), The Archaeology 
of Caribbean and Circum-Caribbean Farmers (6000 BC–AD 1500), Routledge, New York, pp. 
329–352.

Dunning, N. P., Beach, T., and Luzzadder-Beach, S. (2020). Ancient Maya agriculture. In Hutson, S. R., 
and Ardren, T. (eds.), The Maya World, Routledge, New York, pp. 501–518.

Dunning, N. P., Beach, T., Luzzadder-Beach, S., and Jones, J. G. (2009). Creating a stable landscape: 
Soil conservation among the ancient Maya. In Fisher, C. T., Hill, B., and Feinman, G. M. (eds.), 
The Archaeology of Environmental Change: Socionatural Legacies of Degradation and Resilience, 
University of Arizona Press, Tucson, pp. 85–105.



604 Journal of Archaeological Research (2023) 31:561–615

1 3

Dunning, N. P., Griffin, R. E., Jones, J. G., Terry, R. E., Larsen, Z., and Carr, C. (2015). Life on the edge: 
Tikal in a bajo landscape. In Lentz, D. L., Dunning, N. P., and Scarborough, V. L. (eds.), Tikal: 
Paleoecology of an Ancient Maya City, Cambridge University Press, New York, pp. 95–123.

Dunning, N. P., Griffin, R. E., Sever, T. L., Saturno, W. A., and Jones, J. G. (2017). The nature and ori-
gins of linear features in the Bajo de Azúcar, Guatemala: Implications for ancient Maya adaptation 
to a changing environment. Geoarchaeology 32: 107–129.

Dussol, L., Elliott, M., Michelet, D., and Nondédéo, P. (2017a). Ancient Maya sylviculture of breadnut 
(Brosimum alicastrum SW.) and sapodilla (Manilkara zapota [L.] P. Royen) at Naachtun (Guate-
mala): A reconstruction based on charcoal analysis. Quaternary International 457: 29–42.

Dussol, L., Elliott, M., Michelet, D., and Nondédéo, P. (2021a). Fuel economy, woodland management 
and adaptation strategies in a Classic Maya city: Applying anthracology to urban settings in high 
biodiversity tropical forests. Vegetation History and Archaeobotany 30: 175–192.

Dussol, L., Elliott, M., Pereira, G., and Michelet, D. (2016). The use of firewood in ancient Maya funer-
ary rituals: A case study from Rio Bec (Campeche, Mexico). Latin American Antiquity 27: 51–73.

Dussol, L., Elliott, M., and Théry-Parisot, I. (2017b). Experimental anthracology: Evaluating the role of 
combustion processes in the representivity of archaeological charcoal records in tropical forests, 
a case study from the Maya Lowlands. Journal of Archaeological Science: Reports 12: 480–490.

Dussol, L., Vannière, B., Purdue, L., Orange, F., Testé, M., Castanet, C., Garnier, A., Lemonnier, E., and 
Théry-Parisot, I. (2021b). How to highlight slash-and-burn agriculture in ancient soils? A modern 
baseline of agrarian fire imprint in the Guatemalan lowlands using charcoal particle analysis. Jour-
nal of Archaeological Science: Reports 35: 102725.

Dvorak, W. S., Hamrick, J. L., and Gutiérrez, E. A. (2005). The origin of Caribbean pine in the seasonal 
swamps of the Yucatán. International Journal of Plant Sciences 166: 985–994.

Ebert, C. E., Hoggarth, J. A., and Awe, J. J. (2016). Classic period Maya water management and ecologi-
cal adaptation in the Belize River valley. Research Reports in Belizean Archaeology, 13: 109–119.

Emery, K. F., and Thornton, E. K. (2008). Zooarchaeological habitat analysis of ancient Maya landscape 
changes. Journal of Ethnobiology 28: 154–178.

Eusebio, M. S. (2020). The relevance of archaeology to contemporary concerns: The Department of 
Agriculture of the Philippines and ancient foodways. In Lewis, H. (ed.), Material Culture and Her-
itage Papers from the Fourteenth International Conference of the European Association of South-
east Asian Archaeologists, vol. II, Access Archaeology, pp. 159–171.

Farahani, A., Chiou, K. L., Cuthrell, R. Q., Harkey, A., Morell-Hart, S., Hastorf, C. A., and Sheets, P. 
D. (2017a). Exploring culinary practices through GIS modeling at Joya de Cerén, El Salvador. In 
Sayre, M. P., and Bruno, M. C. (eds.), Social Perspectives on Ancient Lives from Paleoethnobotani-
cal Data, Springer, New York, pp. 101–120.

Farahani, A., Chiou, K. L., Harkey, A., Hastorf, C. A., Lentz, D. L., and Sheets, P. (2017b). Identifying 
‘plantscapes’ at the Classic Maya village of Joya de Cerén, El Salvador. Antiquity 91: 980–997.

Farriss, N. M. (1984). Maya Society Under Colonial Rule: The Collective Enterprise of Survival, Prince-
ton University Press, Princeton, NJ.

Faust, B. B. (1998). Mexican Rural Development and the Plumed Serpent: Technology and Maya Cos-
mology in the Tropical Forests of Campeche, Mexico, Greenwood Publishing Group, Westport, CT.

Fausto, C., and Neves, E. G. (2018). Was there ever a Neolithic in the Neotropics? Plant familiarisation 
and biodiversity in the Amazon. Antiquity 92: 1604–1618.

Fedick, S. L. (1989). The economics of agricultural land use and settlement in the upper Belize Valley. In 
McAnany, P., and Isaac, B. (eds.), Prehistoric Maya Economies of Belize, Research in Economic 
Anthropology Supplement 4, JAI Press, Greenwich, CT, pp. 215–253.

Fedick, S. L. (1996a). Conclusion: Landscape approaches to the study of ancient Maya agriculture and 
resource use. In Fedick, S. L. (ed.), The Managed Mosaic: Ancient Maya Agriculture and Resource 
Use, University of Utah Press, Salt Lake City.

Fedick, S. L. (1996b). An interpretive kaleidoscope: Alternative perspectives on ancient agricultural 
landscapes of the Maya Lowlands. In Fedick, S. L. (ed.), The Managed Mosaic: Ancient Maya 
Agriculture and Resource Use, Univeristy of Utah Press, Salt Lake City, pp. 107–131.

Fedick, S. L. (ed.) (1996c). The Managed Mosaic: Ancient Maya Agriculture and Resource Use, Univer-
sity of Utah Press, Salt Lake City.

Fedick, S. L. (2003). In search of the Maya forest. In Slater, C. (ed.), In Search of the Rain Forest, Duke 
University Press, Durham, NC, pp. 133–164.

Fedick, S. L. (2014). A reassessment of water and soil resources in the flatlands of the northern Maya 
Lowlands. Archaeological Papers of the American Anthropological Association 24: 72–83.



605

1 3

Journal of Archaeological Research (2023) 31:561–615 

Fedick, S. L. (2017). Plant-food commodities of the Maya Lowlands. In Mathews, J. P., and Guderjan, 
T. H. (eds.), The Value of Things: Prehistoric to Contemporary Commodities in the Maya Region, 
University of Arizona Press, Tucson, pp. 163–173.

Fedick, S. L. (2020). Maya cornucopia: Indigenous food plants of the Maya Lowlands. In Masson, M. A., 
Freidel, D. A., and Demarest, A. A. (eds.), The Real Business of Ancient Maya Economies: From 
Farmers’ Fields to Rulers’ Realms, Oxford University Press, Oxford.

Fedick, S. L., De Lourdes Flores Delgadillo, M., Sedov, S., Rebolledo, E. S., and Mayorga, S. P. (2008). 
Adaptation of Maya homegardens by "container gardening" in limestone bedrock cavities. Journal 
of Ethnobiology 28: 290–304.

Fedick, S. L., Mathews, J. P., and Sorensen, K. (2012). Cenotes as conceptual boundary markers at the 
ancient Maya site of T’isil, Quintana Roo, Mexico. Mexicon 34: 118–123.

Fedick, S. L., Morell-Hart, S. M., and Dussol, L. (in press). Agriculture in the ancient Maya Lowlands 
(Part 2): Landesque capital and long-term resource management strategies. Journal of Archaeo-
logical Research.

Fedick, S. L., and Morrison, B. A. (2004). Ancient use and manipulation of landscape in the Yalahau 
region of the northern Maya Lowlands. Agriculture and Human Values 21: 207–219.

Fedick, S. L., and Santiago, L. S. (2022). Large variation in availability of Maya food plant sources dur-
ing ancient droughts. Proceedings of the National Academy of Sciences 119: e2115657118.

Ferguson, B. G., Vandermeer, J., Morales, H., and Griffith, D. M. (2003). Post-agricultural succession in 
el Petén, Guatemala. Conservation Biology 17: 818–828.

Fernández Souza, L., Zimmermann, M., and Jiménez Álvarez, S. P. (2020). Celebrating Sihó: The role of 
food and foodways in the construction of social identities. In Ardren, T. (ed.), Her Cup for Sweet 
Cacao: Food in Ancient Maya Society, University of Texas Press, Austin, pp. 188–218.

Fisher, C. (2014). The role of infield agriculture in Maya cities. Journal of Anthropological Archaeology 
36: 196–210.

Fisher, C. (2020). Archaeology for sustainable agriculture. Journal of Archaeological Research 28: 
393–441.

Flores-Delgadillo, L., Fedick, S. L., Solleiro-Rebolledo, E., Palacios-Mayorga, S., Ortega-Larrocea, P., 
Sedov, S., and Osuna-Ceja, E. (2011). A sustainable system of traditional precision agriculture in a 
Maya homegarden: Soil quality aspects. Soil & Tillage Research 113: 112–120.

Ford, A., and Clarke, K. (2002). Out of the past, in the present, and for the future of the Maya forest. In 
Beyond Walls: Multi-disciplinary Perspectives Conference, Belize City, Belize, http:// www. uwich 
ill. edu. bb/ bnccde/ belize/ confe rence/ paper dex. html (last accessed 27 April 2009).

Ford, A., and Nigh, R. (2009). Origins of the Maya forest garden: Maya resource management. Journal of 
Ethnobiology 29: 213–236.

Ford, A., and Nigh, R. (2010). The milpa cycle and the making of the Maya forest garden. In Morris, J., 
Jones, S., Awe, J., Thompson, G., and Badillo, M. (eds.), Research Reports in Belizean Archaeol-
ogy: Papers of the 2009 Belize Archaeology Symposium, vol. 7, Institute of Archaeology, National 
Institute of Culture and History, Belmopan, Belize, pp. 183–190.

Ford, A., and Nigh, R. (2016). The Maya Forest Garden: Eight Millennia of Sustainable Cultivation of 
the Tropical Woodlands, New Frontiers in Historical Ecology, Routledge, New York.

Fuentes, G., and Santamaría, J. M. (2014). Papaya (Carica papaya L.): Origin, domestication, and pro-
duction. In Ming, R., and Moore, P. H. (eds.), Genetics and Genomics of Papaya, Plant Genetics 
and Genomics: Crops and Models, Springer, New York, pp. 3–15.

Geertz, C. (1963). Agricultural Involution: The Processes of Ecological Change in Indonesia, vol. 11, 
University of California Press, Berkeley.

Golden, C., Scherer, A. K., Schroder, W., Murtha, T., Morell-Hart, S., Fernandez Diaz, J. C., et  al. 
(2021). Airborne Lidar survey, density-based clustering, and ancient Maya settlement in the upper 
Usumacinta River region of Mexico and Guatemala. Remote Sensing 13: 4109.

Goldstein, D. J., and Hageman, J. B. (2010). Power plants: Paleobotanical evidence of rural feasting in 
Late Classic Belize. In Staller, J. E., and Carrasco, M. D. (eds.), Pre-Columbian Foodways: Inter-
disciplinary Approaches to Food, Culture, and Markets in Ancient Mesoamerica, Springer, New 
York, pp. 421–440.

Gómez-Pompa, A. (1987). On Maya silviculture. Mexican Studies/Estudios Mexicanos 3: 1–17.
Gómez-Pompa, A., Flores, J. S., and Aliphat Fernandez, M. (1990). The sacred cacao groves of the Maya. 

Latin American Antiquity 1: 247–257.

http://www.uwichill.edu.bb/bnccde/belize/conference/paperdex.html
http://www.uwichill.edu.bb/bnccde/belize/conference/paperdex.html


606 Journal of Archaeological Research (2023) 31:561–615

1 3

Graham, E., Macphail, R., Turner, S., Crowther, J., Stegemann, J., Arroyo-Kalin, M., et al. (2017). The 
Marco Gonzalez Maya site, Ambergris Caye, Belize: Assessing the impact of human activities by 
examining diachronic processes at the local scale. Quaternary International 437: 115–142.

Guttmann-Bond, E. (2010). Sustainability out of the past: How archaeology can save the planet. World 
Archaeology 42: 355–366.

Guttmann-Bond, E. (2014). Productive landscapes: A global perspective on sustainable agriculture. 
Landscapes 15: 59–76.

Hageman, J. B., and Goldstein, D. J. (2009). An integrated assessment of archaeobotanical recovery 
methods in the Neotropical rainforest of northern Belize: Flotation and dry screening. Journal of 
Archaeological Science 36: 2841–2852.

Hall, G. D., Tarka Jr., S. M., Hurst, W. J., Stuart, D., and Adams, R. E. W. (1990). Cacao residues in 
ancient Maya vessels from Río Azul, Guatemala. American Antiquity 55: 138–143.

Hammond, N., and Miksicek, C. H. (1981). Ecology and economy of a Formative Maya site at Cuello, 
Belize. Journal of Field Archaeology 8: 259–269.

Hanks, W. F. (1990). Referential Practice: Language and Lived Space among the Maya, University of 
Chicago Press, Chicago.

Hansen, R. D., Bozarth, S., Jacob, J., Wahl, D., and Schreiner, T. (2002). Climatic and environmental 
variability in the rise of Maya civilization. Ancient Mesoamerica 13: 273–295.

Harrison, P. D. (1977). The rise of the bajos and the fall of the Maya. In Hammond, N. (ed.), Social Pro-
cess in Maya Prehistory: Studies in Honour of Sir Eric Thompson, Academic Press, London, pp. 
470–509.

Harrison, P. D., and Turner II, B. L. (1978). Pre-Hispanic Maya Agriculture, University of New Mexico 
Press, Albuquerque.

Hart, R. D. (1980). A natural ecosystem analog approach to the design of a successional crop system for 
tropical forest environments. Biotropica 12: 73–82.

Hather, J. G. (1988). The Morphological and Anatomical Interpretation and Identification of Charred 
Vegatative Parenchymatous Plant Remains, Ph.D. dissertation, Institute of Archaeology, University 
College London, London.

Hather, J. G. (1991). The identification of charred archaeological remains of vegetative parenchymous tis-
sue Journal of Archaeological Science 18: 661–675.

Hather, J. G., and Hammond, N. (1994). Ancient Maya subsistence diversity: Root and tuber remains 
from Cuello, Belize. Antiquity 68: 330–335.

Hayward, P., and Kuwahara, S. (2012). Sotetsu heritage: Cycads, sustenance and cultural landscapes in 
the Amami Islands. Locale: The Australian-Pacific Journal of Regional Food Studies 2: 26-46.

Heckenberger, M. J., Russell, J. C., Fausto, C., Toney, J. R., Schmidt, M. J., Pereira, E., Franchetto, B., 
and Kuikuro, A. (2008). Pre-Columbian urbanism, anthropogenic landscapes, and the future of the 
Amazon. Science 321: 1214–1217.

Heindel, T. (2012). The mystery of Malanga: Possible roles of Xanthosoma violaceum in ancient Maya 
diet, culture, and agriculture, M.A. thesis, Department of Anthropology, University of Colorado, 
Boulder.

Hellmuth, N. M. (1977). Cholti-Lacandon (Chiapas) and Peten-Ytza agriculture, settlement pattern and 
population. In Hammond, N. (ed.), Social Process in Maya Prehistory: Studies in Honour of Sir 
Eric Thompson, Academic Press, London, pp. 421–448.

Hernández-Bermejo, J. E., and León, J. (eds.) (1994). Neglected Crops: 1492 from a Different Perspec-
tive, FAO Plant Production and Protection Series No. 26, Food and Agriculture Organization of the 
United Nations, Rome.

Herrera Castro, N. D. (1994). Los huertos familiares mayas en el oriente de Yucatan, Etnoflora Yucatan-
ense, vol. 9, Universidad Autónoma de Yucatán, Merida, Mexico.

Hightower, J. N., Butterfield, A. C., and Weishampel, J. F. (2014). Quantifying ancient Maya land use 
legacy effects on contemporary rainforest canopy structure. Remote Sensing 6: 10716–10732.

Hosler, D., Sabloff, J. A., and Runge, D. (1977). Situation model development: A case study of the Clas-
sic Maya collapse. In Hamond, N. (ed.), Social Process in Maya Prehistory: Studies in Honour of 
Sir Eric Thompson Academic Press, London, pp. 553–590.

Hurst, W. J., Martin, R. A., Tarka, S. M., and Hall, G. D. (1989). Authentication of cacao in ancient 
Mayan vessels using high-performance liquid chromatographic. Journal of Chromatography 466: 
279–289.

Jiménez-Osornio, J. J. (2003). The School of Ecological Agriculture: A viable liaison between campes-
inos and researchers in the Yucatán Peninsula. In Gómez-Pompa, A., Allen, M. F., Fedick, S. L., 



607

1 3

Journal of Archaeological Research (2023) 31:561–615 

and Jiménez-Osornio, J. J. (eds.), The Lowland Maya Area: Three Millennia at the Human-Wild-
land Interface, Food Products Press, New York, pp. 599–609.

Jiménez–Osornio, J. J., Pastrana Cervantes, D., Molina Cortez, A., Ruenes Morales, M. d. R., Montañez 
Escalante, P. I., and Lendechy Grajales, Á. (2018). Sustainable agriculture through resurrection of 
indigenous fruits. In Scherrer, C., and Verma, S. (eds.), Decent Work Deficits in Southern Agri-
culture: Measurements, Drivers and Strategies, Rainer Hampp Verlag, Augsburg, Germany, pp. 
305–322.

Jiménez-Osornio, J. J., Ruenes Morales, M. d. R., and Aké Gómez, A. (2004). Mayan home gardens: 
Sites for in  situ conservation of agricultural diversity. In Jarvis, D. I., Sevilla-Panizo, R., and 
Chávez-Servia, J. L. (eds.), Seed Systems and Crop Genetic Diversity On-Farm, International Plant 
Genetic Resources Institute, Rome, pp. 9–15.

Johnston, K. J., Breckenridge, A. J., and Hansen, B. C. (2001). Paleoecological evidence of an Early 
Postclassic occupation in the southwestern Maya Lowlands: Laguna las Pozas, Guatemala. Latin 
American Antiquity 12: 149–166.

Jones, J. G. (1994). Pollen evidence for early settlement and agriculture in northern Belize. Palynology 
18: 205–211.

Kennett, D. J., and Beach, T. P. (2013). Archeological and environmental lessons for the anthropocene 
from the Classic Maya collapse. Anthropocene 4: 88–100.

Kepecs, S., and Boucher, S. (1996). The pre-Hispanic cultivation of rejolladas and stone-lands: New evi-
dence from northeast Yucatán. In Fedick, S. L. (ed.), The Managed Mosaic: Ancient Maya Agricul-
ture and Resource Use, University of Utah Press, Salt Lake City, pp. 69–91.

Killion, T. W. (1990). Cultivation intensity and residential site structure: An ethnoarchaeological exami-
nation of peasant agriculture in the Sierra de Los Tuxtlas, Veracruz, Mexico. Latin American 
Antiquity: 191–215.

Killion, T. W. (2013). Nonagricultural cultivation and social complexity: The Olmec, their ancestors, and 
Mexico’s southern Gulf Coast lowlands. Current Anthropology 54: 569–606.

King, A., Skaggs, S., Powis, T. G., Luke, C. M., Micheletti, G. J., Cheong, K. F., and Gaikwad, N. W. 
(2022). Dedication, termination and balché: Ritual drinks in an Ulúa marble vase from the ancient 
Maya city of Pacbitun, Belize. Archaeology of Food and Foodways 1: 34–53.

Kunen, J. L., Culbert, T. P., Fialko, V., McKee, B. R., and Grazioso, L. (2000). Bajo communities: A case 
study from central Peten. Culture & Agriculture 22: 15–31.

Lentz, D. L. (1999). Plant resources of the ancient Maya: The paleoethnobotanical evidence. In White, 
C. D. (ed.), Reconstructing Ancient Maya Diet, University of Utah Press, Salt Lake City, pp. 3–18.

Lentz, D. L. (2000). An Imperfect Balance: Landscape Transformations in the Precolumbian Americas, 
Historical Ecology Series, Columbia University Press, New York.

Lentz, D. L., Beaudry-Corbett, M. P., de Aguilar, M. L. R., and Kaplan, L. (1996). Foodstuffs, forests, 
fields, and shelter: A paleoethnobotanical analysis of vessel contents from the Ceren site, El Salva-
dor. Latin American Antiquity 7: 247–262.

Lentz, D. L., Dunning, N. P., Scarborough, V. L., and Grazioso, L. (2018). Imperial resource management 
at the ancient Maya city of Tikal: A resilience model of sustainability and collapse. Journal of 
Anthropological Archaeology 52: 113–122.

Lentz, D. L., Hamilton, T. L., Dunning, N. P., Tepe, E. J., Scarborough, V. L., Meyers, S. A., Grazioso, 
L., and Weiss, A. A. (2021). Environmental DNA reveals arboreal cityscapes at the ancient Maya 
center of Tikal. Nature: Scientific Reports 11: 1–10.

Lentz, D. L., and Hockaday, B. (2009). Tikal timbers and temples: Ancient Maya agroforestry and the 
end of time. Journal of Archaeological Science 36: 1342–1353.

Lentz, D. L., Lane, B., and Thompson, K. (2014). Food, farming, and forest management at Aguateca. 
In Inomata, T., and Triadan, D. (eds.), Life and Politics at the Royal Court of Aguateca: Artifacts, 
Analytical Data, and Synthesis, University of Utah Press, Salt Lake City, pp. 201–215.

Lentz, D. L., Magee, K., Weaver, E., Jones, J. G., Tankersley, K. B., Hood, A., et al. (2015). Agroforestry 
and agricultural practices of the ancient Maya at Tikal. In Lentz, D. L., Dunning, N. P., and Scar-
borough, V. L. (eds.), Tikal: Paleoecology of an Ancient Maya City, Cambridge University Press, 
New York, pp. 152–185.

Lentz, D. L., and Ramírez-Sosa, C. R. (2002). Cerén plant resources: Abundance and diversity. In Sheets, 
P. D. (ed.), Before the Volcano Erupted: The Ancient Cerèn Village in Central America, 1st ed., 
University of Texas Press, Austin, pp. 33–42.

Lentz, D. L., Yaeger, J., Robin, C., and Ashmore, W. (2005). Pine, prestige and politics of the Late Clas-
sic Maya at Xunantunich, Belize. Antiquity 79: 573.



608 Journal of Archaeological Research (2023) 31:561–615

1 3

Leonard, D., Sedov, S., Solleiro-Rebolledo, E., Fedick, S. L., and Diaz, J. (2019). Ancient Maya use of 
hidden soilscapes in the Yalahau wetlands, northern Quintana Roo, Mexico. Boletín de la Sociedad 
Geológica Mexicana 71: 93–119.

Logan, A. L. (2013). Human experience cha(lle)nging our questions: Toward an archaeology of food 
security. SAA Archaeological Record 13: 20–23.

Lucero, L. J., Fedick, S. L., Dunning, N. P., Lentz, D. L., and Scarborough, V. L. (2014). Water and land-
scape: Ancient maya settlement decisions. Archeological Papers of the American Anthropological 
Association 24: 30–42.

Macrae, S. A. (2017). Terracing, Agricultural Strategies, and Resilience at the Ancient Maya Minor 
Center of Waybil, Ph.D. dissertation, Department of Anthropology, University of Florida, 
Gainesville.

Macrae, S. A., and Iannone, G. (2016). Understanding ancient Maya agricultural terrace systems through 
LiDAR and hydrological mapping. Advances in Archaeological Practice 4: 371–392.

Mann, C. C. (2004) Diversity on the farm: How traditional crops around the world help to feed us all, and 
why we should reward the people who grow them. The Ford Foundation and Political Economy 
Research Institute, University of Massachusetts, Amherst. https:// peri. umass. edu/ filea dmin/ pdf/ 
Mann_ 01. pdf

Marinval, P. (1999). Les graines et les fruits: La carpologie. In Bourquin-Mignot, C., Brochier, J. E., Cha-
bal, L., and Crozat, S. (eds.), La botanique, Errance, Paris, pp. 105–137.

Masson, M. A., and Freidel, D. A. (2012). An argument for Classic era Maya market exchange. Journal 
of Anthropological Archaeology 31: 455–484.

McAnany, P. A., and Negrón, T. G. (2010). Bellicose rulers and climatological peril? Retrofitting twenty-
first-century woes on eighth-century Maya society. In McAnany, P. A., and Yoffee, N. (eds.), Ques-
tioning Collapse: Human Resilience, Ecological Vulnerability, and the Aftermath of Empire, Cam-
bridge University Press, Cambridge, pp. 142–175.

McClung de Tapia, E. (1985) Investigaciones arqueobotánicas en Mesoamérica y Centroamérica. Anales 
de Antropología 22: 133–157.

McKillop, H. I. (1994). Ancient Maya tree cropping: A viable subsistence adaptation for the island Maya. 
Ancient Mesoamerica 5: 129–140.

McNeil, C. L. (2002) Paleobotanical research at Copan, Honduras. Report for the Foundation for the 
Advancement of Mesoamerican Studies, Inc., Crystal River, FL

McNeil, C. L. (2010). Death and chocolate: The significance of cacao offerings in ancient Maya tombs 
and caches at Copan, Honduras. In Staller, J. E., and Carrasco, M. D. (eds.), Pre-Columbian 
Foodways: Interdisciplinary Approaches to Food, Culture, and Markets in Ancient Mesoamerica, 
Springer, New York, pp. 293–314.

McNeil, C. L., Burney, D. A., and Pigott Burney, L. (2010). Evidence disputing deforestation as the cause 
for the collapse of the ancient Maya polity of Copan, Honduras. Proceedings of the National Acad-
emy of Sciences 107: 1017–1022.

Miksicek, C. H. (1990). Early wetland agriculture in the Maya Lowlands: Clues from preserved plant 
remains. In Pohl, M. (ed.), Ancient Maya Wetland Agriculture: Excavations on Albion Island, 
Northern Belize, Westview Press, Boulder, CO, pp. 295–312.

Miksicek, C. H. (1991). The ecology and economy of Cuello: The natural and cultural landscape of Pre-
classic Cuello In Hammond, N. (ed.), Cuello: An Early Maya Community in Belize, Cambridge 
University Press, New York, pp. 70–84.

Mirón Marván, E. (2014). Las prácticas culinarias y sus recipientes cerámicos en la región de Palenque y 
Chinikihá durante el Clásico Tardío, Licenciatura, Antropologia, Escuela Nacional de Antropología 
e Historia, Mexico City.

Montagnini, F. (2006). Homegardens of Mesoamerica: Biodiversity, food security, and nutrient manage-
ment. In Kumar, B. M., and Nair, P. K. R. (eds.), Tropical Homegardens: A Time-Tested Example 
of Sustainable Agroforestry, Springer, Berlin, pp. 61–84.

Montero López, C., Trabanino García, F., Varela Scherrer, C. M., and Liendo Stuardo, R. (2016). El 
manejo de un paisaje construido: Aprovechamiento y explotación de los recursos vegetales y 
faunísticos en Chinikihá, Chiapas. Etnobiología 14: 5–22.

Morehart, C. T. (2002). Ancient Maya ritual cave utilization: A paleoethnobotanical perspective, M.A. 
thesis, Department of Anthropology, Florida State University, Tallahassee.

Morehart, C. T. (2011). Food, Fire and Fragrance: A Paleoethnobotanical Perspective on Classic Maya 
Cave Rituals, Archaeopress, Oxford.

https://peri.umass.edu/fileadmin/pdf/Mann_01.pdf
https://peri.umass.edu/fileadmin/pdf/Mann_01.pdf


609

1 3

Journal of Archaeological Research (2023) 31:561–615 

Morehart, C. T., Awe, J. J., Mirro, M. J., Owen, V. A., and Helmke, C. G. (2004). Ancient textile remains 
from Barton Creek Cave, Cayo district, Belize. Mexicon: 50–56.

Morehart, C. T., and Butler, N. (2010). Ritual exchange and the fourth obligation: Ancient Maya food 
offering and the flexible materiality of ritual. Journal of the Royal Anthropological Institute 16: 
588–608.

Morehart, C. T., and Helmke, C. G. B. (2008). Situating power and locating knowledge: A paleoethnobo-
tanical perspective on Late Classic Maya gender and social relations. Archeological Papers of the 
American Anthropological Association 18: 60–75.

Morehart, C. T., Lentz, D. L., and Prufer, K. M. (2005). Wood of the gods: The ritual use of pine (Pinus 
spp.) by the ancient lowland Maya. Latin American Antiquity 16: 255–274.

Morehart, C. T., and Morell-Hart, S. (2015). Beyond the ecofact: Toward a social paleoethnobotany in 
Mesoamerica. Journal of Archaeological Method and Theory 22: 483–511.

Morell-Hart, S. (2014). Paleoethnobotanical analysis, post-processing. In Marston, J. M., d’Alpoim 
Guedes, J., and Warinner, C. (eds.), Method and Theory in Paleoethnobotany, University Press of 
Colorado, Boulder, pp. 371–390.

Morell-Hart, S. (2019). Techniques for integrating data from macrobotanical and microbotanical resi-
dues. Journal of Field Archaeology 44: 234–249.

Morell-Hart, S. (2020). Plant foodstuffs of the ancient Maya: Agents and matter, medium and message. 
In Ardren, T. (ed.), Her Cup for Sweet Cacao: Food in Ancient Maya Society, University of Texas 
Press, Austin, pp. 124–160.

Morell-Hart, S., Dine, H., Watson, S., and Teesdale, S. (2018a). Análisis paleoetnobotánicos de Macabi-
lero y Piedras Negras (2016–2018a). In Urquizú, M., and Alcover, O. A. (eds.), Proyecto Paisaje 
Piedras Negras – Yaxchilán: Informe de la tercera temporada de investigación, Dirección General 
del Patrimonio Cultural y Natural of the Instituto de Antropología e Historia, Guatemala City, pp. 
136–165.

Morell-Hart, S., and González Cόrdova, J. A. (2017). Análisis paleoetnobotánico de Piedras Negras. In 
Urquizú, M., Scherer, A. K., and Golden, C. W. (eds.), Proyecto Paisaje Piedras Negras – Yaxchi-
lán: Informe de la segunda temporada de investigación, Dirección General del Patrimonio Cultural 
y Natural of the Instituto de Antropología e Historia, Guatemala City, pp. 235–251.

Morell-Hart, S., Pugliese, M., McNeil, C. L., and Barrios, E. (2021). Cuisine at the crossroads. Latin 
American Antiquity 32: 689–704.

Morell-Hart, S., Watson, S., Dine, H., and MacLeod, M. (2018b). Análisis paleoetnobotánicos de Bud-
silhá, El Infiernito, El Porvenir, y Lacanja Tzeltal. In Scherer, A. K., and Golden, C. W. (eds.), 
Proyecto Arqueológico Busiljá-Chocoljá: Informe de la novena temporada de investigación, Insti-
tuto Nacional de Antropología e Historia, Mexico City, pp. 275–299.

Morgan, M. (2010). Fixing Residence: Formative Period Place Making at Chiquiuitan, Guatemala, Ph.D. 
dissertation, Department of Anthropology, Vanderbilt University, Nashville, TN.

Munro-Stasiuk, M. J., Manahan, T. K., Stockton, T., and Ardren, T. (2014). Spatial and physical charac-
teristics of rejolladas in northern Yucatan, Mexico: Implications for ancient Maya agriculture and 
settlement patterns. Geoarchaeology: An International Journal 29: 156–172.

Murtha Jr., T. M. (2002). Land and Labor: Classic Maya Terraced Agriculture at Caracol, Belize, Ph.D. 
dissertation, Department of Anthropology, Pennsylvania State University, University Park.

Nigh, R. (2008). Trees, fire and farmers: Making woods and soil in the Maya forest. Journal of Ethnobiol-
ogy 28: 231–243.

Nigh, R., and Diemont, S. A. W. (2013). The Maya milpa: Fire and the legacy of living soil. Frontiers in 
Ecology and the Environment 11: e45–e54.

Novelo-Pérez, M. J., Herrera-Parra, E. M., Fernández-Souza, L., Ancona-Aragón, I., and Jiménez-Álva-
rez, S. (2019). Pre-Columbian culinary landscapes: Reconstructing elite gastronomy at Sihó, Yuca-
tán. STAR: Science & Technology of Archaeological Research 5: 85–97.

Peters, C. M. (2000). Precolumbian silviculture and Indigenous management of neotropical forests. In 
Lentz, D. L. (ed.), Imperfect balance: Landscape transformations in the Precolumbian Americas 
Columbia University Press, New York, pp. 203–224.

Piperno, D. R. (2006). Quaternary environmental history and agricultural impact on vegetation in Central 
America. Annals of the Missouri Botanical Garden 93: 274–296.

Piperno, D. R. (2011). The origins of plant cultivation and domestication in the New World tropics: Pat-
terns, process, and new developments. Current Anthropology 52: S453–S470.



610 Journal of Archaeological Research (2023) 31:561–615

1 3

Piperno, D. R., and Holst, I. (1998). The presence of starch grains on prehistoric stone tools from the 
humid Neotropics: Indications of early tuber use and agriculture in Panama. Journal of Archaeo-
logical Science 25: 765–776.

Piperno, D. R., and Pearsall, D. M. (1998). The Origins of Agriculture in the Lowland Neotropics, Aca-
demic Press, San Diego.

Pohl, M. D., Josserand, K., Pope, K. O., Jones, H. G., Jacob, J. S., Piperno, D. R., et al. (1996). Early 
agriculture in the Maya Lowlands. Latin American Antiquity 7: 355–372.

Pope, K. O., Pohl, M. D., Jones, J. G., Lentz, D. L., von Nagy, C., Vega, F. J., and Quitmyer, I. R. (2001). 
Origin and environmental setting of ancient agriculture in the lowlands of Mesoamerica. Science 
292: 1370–1373.

Powis, T. G., Valdez Jr., F., Hester, T. R., Hurst, W. J., and Tarka Jr., S. M. (2002). Spouted vessels and 
cacao use among the Preclassic Maya. Latin American Antiquity 13: 85–106.

Prufer, K. M., and Hurst, W. J. (2007). Chocolate in the underworld space of death: Cacao seeds from an 
Early Classic mortuary cave. Ethnohistory 54: 273–301.

Puleston, D. E. (1971). An experimental approach to the function of Classic Maya chultuns. American 
Antiquity 36: 322–335.

Puleston, D. E. (1977). The art and archaeology of hydraulic agriculture in the Maya Lowlands. In Ham-
mond, N. (ed.), Social Process in Maya Prehistory: Studies in Honour of Sir Eric Thompson, Aca-
demic Press, London, pp. 449–467.

Puleston, D. E. (1982). The role of ramón in Maya subsistence. In Flannery, K. V. (ed.), Maya Subsist-
ence: Studies in Memory of Dennis E. Puleston, Academic Press, New York, pp. 353–366.

Pyburn, K. A. (2003). The hydrology of Chau Hiix. Ancient Mesoamerica 14: 123–129.
Redfield, R., Rojas, A. V., and MacKay, K. (1962 [1934]). Chan Kom: A Maya Village, University of 

Chicago Press, Chicago.
Reed, D. M. (1999). Cuisine from Hun-Nal-Ye. In White, C. D. (ed.), Reconstructing Ancient Maya Diet, 

University of Utah Press, Salt Lake City, pp. 183–196.
Reina, R. E. (1967). Milpas and milperos: Implications for prehistoric times. American Anthropologist 

69: 1–20.
Remmers, G. G. A., and De Koeijer, H. (1992). The t’olche’, a Maya system of communally managed 

forest belts: The causes and consequences of its disappearance. Agroforestry Systems 18: 149–177.
Renard, D., Iriarte, J., Birk, J. J., Rostain, S., Glaser, B., and McKey, D. (2012). Ecological engineers 

ahead of their time: The functioning of pre-Columbian raised-field agriculture and its potential 
contributions to sustainability today. Ecological Engineering 45: 30–44.

Robinson, M. E., and McKillop, H. I. (2014). Fuelling the ancient Maya salt industry. Economic Botany 
68: 96.

Rosenswig, R. M., Pearsall, D. M., Masson, M. A., Culleton, B. J., and Kennett, D. J. (2014). Archaic 
period settlement and subsistence in the Maya Lowlands: New starch grain and lithic data from 
Freshwater Creek, Belize. Journal of Archaeological Science 41: 308–321.

Ross, N. J. (2008). The Impact of Ancient Maya Forest Gardens on Modern Tree Species Composition 
in NW Belize, Ph.D. dissertation, Department of Ecology and Evolutionary Biology, University of 
Connecticut, Storrs.

Ross, N. J., and Rangel, T. F. (2011). Ancient Maya agroforestry echoing through spatial relationships in 
the extant forest of NW Belize. Biotropica 43: 141–148.

Roys, R. L. t. (1967 [1934]). The Book of Chilam Balam of Chumayel, University of Oklahoma Press, 
Norman.

Ruas, M.-P., and Bouby, L. (2010). Carbonisation, conservation et déformation des restes carpologiques. 
In Théry-Parisot, I., Chabal, L., and Costamagno, S. (eds.), Taphonomie des résidus organiques 
brûlés et des structures de combustion en milieu archéologique, Actes de la Table Ronde, 27–29 
Mai 2008, Valbonne, pp. 69–79.

Rushton, E. A. C., Whitney, B. S., and Metcalfe, S. E. (2020). A tale of maize, palm, and pine: Changing 
socio-ecological interactions from pre-Classic Maya to the present day in Belize. Quaternary 3: 
30.

Russell, W. M. S. (1988). Population, swidden farming and the tropical environment. Population and 
Environment 10: 77–94.

Sanabria, O. L. (1986). El uso y manejo forestal en la comunidad de Xul, en el sur de Yucatán, vol 
634.980972 S194, Instituto Nacional de Investigaciones sobre Recursos Bióticos, Xalapa, 
Veracruz.

Sanders, W. T. (1962). Cultural ecology of nuclear Mesoamerica. American Anthropologist: 34–44.



611

1 3

Journal of Archaeological Research (2023) 31:561–615 

Sanders, W. T. (1973). The cultural ecology of the lowland Maya: A reevaluation. In Culbert, P. T. (ed.), 
The Classic Maya Collapse, University of New Mexico Press, Albuquerque, pp. 325–365.

Santini, L. M. (2016). The Fabricated Forest, Ph.D. dissertation, Department of Anthropology, Harvard 
University, Cambridge, MA.

Scarborough, V. L. (1993). Water management in the southern Maya Lowlands: An accretive model 
for the engineered landscape. In Scarborough, V. L., and Isaac, B. L. (eds.), Economic Aspects of 
Water Management in the Prehistoric New World, Research in Economic Anthropology, vol. Sup-
plement 7, JAI Press, Greenwich, CT, pp. 17–69.

Schele, L., and Mathews, P. (1999). The Code of Kings: The Language of Seven Sacred Maya Temples 
and Tombs, Simon and Schuster, New York.

Scherer, A. K., Wright, L. E., and Yoder, C. J. (2007). Bioarchaeological evidence for social and tem-
poral differences in diet at Piedras Negras, Guatemala. Latin American Antiquity 18: 85–104.

Schneider, T. D., and Panich, L. M. (eds.) (2021). Archaeologies of Indigenous Presence, University 
Press of Florida, Gainesville.

Schroder, W., Murtha, T., Golden, C., Hernández, A. A., Scherer, A., Morell-Hart, S., et al. (2020). 
The lowland Maya settlement landscape: Environmental LiDAR and ecology. Journal of 
Archaeological Science: Reports 33: 102543.

Schwartz, N. B. (1990). Forest Society: A Social History of Peten, Guatemala, University of Pennsyl-
vania Press, Philadelphia.

Scott, J. C. (2017). Against the Grain: A Deep History of the Earliest States, Yale University Press, 
New Haven, CT.

Sharer, R. J. (1977). The Maya collapse revisited: Internal and external perspectives. In Hammond, N. 
(ed.), Social Process in Maya Prehistory: Studies in Honour of Sir Eric Thompson, Academic 
Press, London, pp. 532–552.

Sheets, P. D. (1982). Prehistoric agricultural systems in El Salvador. In Flannery, K. V. (ed.), Maya 
Subsistence: Studies in Memory of Dennis E. Puleston, Academic Press, New York, pp. 99–118.

Sheets, P. D. (1998). Place and time in activity area analysis: A study of elevated contexts used for 
artifact curation at the Ceren site, El Salvador. Revista Española de Antropología Americana 
28: 63–98.

Sheets, P. D. (2000). Provisioning the Ceren household: The vertical economy, village economy, and 
household economy in the southeastern Maya periphery. Ancient Mesoamerica 11: 217–230.

Sheets, P. D., Lentz, D. L., Piperno, D. R., Jones, J., Dixon, C. C., Maloof, G., and Hood, A. (2012). 
Ancient manioc agriculture south of the Cerén village, El Salvador. Latin American Antiquity 
23: 259–281.

Shepard Jr., G. H., Neves, E., Clement, C. R., Lima, H., Moraes, C., and dos Santos, G. M. (2020). 
Ancient and traditional agriculture in South America: Tropical lowlands. In, Oxford Research 
Encyclopedia of Environmental Science, Oxford University Press, Oxford, pp. 1–48.

Siemens, A. H., and Puleston, D. E. (1972). Ridged fields and associated features in southern Campe-
che: New perspectives on the lowland Maya. American Antiquity 37: 228–239.

Simms, S. R. (2014). Prehispanic Maya Foodways: Archaeological and Microbotanical Evidence 
from Escalera al Cielo, Yucatan, Mexico, Ph.D. dissertation, Department of Anthropology, Bos-
ton University, Boston, MA.

Slotten, V. M. (2015). Paleoethnobotanical remains and land use associated with the sacbe at the 
ancient Maya village of Joya de Cerén, M.A. thesis, Department of Anthropology, University of 
Cincinnati, Cincinnati, OH.

Slotten, V. M., Lentz, D. L., and Sheets, P. D. (2020). Landscape management and polyculture in the 
ancient gardens and fields at Joya de Cerén, El Salvador. Journal of Anthropological Archaeol-
ogy 59: 1–12.

Somerville, A. D., Fauvelle, M., and Froehle, A. W. (2013). Applying new approaches to modeling 
diet and status: Isotopic evidence for commoner resiliency and elite variability in the Classic 
Maya Lowlands. Journal of Archaeological Science 40: 1539–1553.

Spenard, J., King, A., Powis, T. G., and Gaikwad, N. W. (2020). A toast to the earth: The social role 
of beverages in pre-Hispanic Maya cave ritual at Pacbitun, Belize. In Ardren, T. (ed.), Her Cup 
for Sweet Cacao: Food in Ancient Maya Society, University of Texas Press, Austin, pp. 47–86.

Stannard, C., van der Graaff, N., Randell, A., Lallas, P., and Kenmore, P. (2004). Agricultural biologi-
cal diversity for food security: Shaping international initiatives to help agriculture and the envi-
ronment. Howard Law Journal 48: 397–430.



612 Journal of Archaeological Research (2023) 31:561–615

1 3

Stuart, D. (2006). The language of chocolate: References to cacao on Classic Maya drinking vessels. 
In McNeil, C. L. (ed.), Chocolate in Mesoamerica: A Cultural History of Cacao, University 
Press of Florida, Gainesville, pp. 184–201.

Tainter, J. A. (2014). Collapse and sustainability: Rome, the Maya, and the modern world. Archeo-
logical Papers of the American Anthropological Association 24: 201–214.

Taube, K. A. (1989). The maize tamale in Classic Maya diet, epigraphy, and art. American Antiquity 
54: 31–51.

Taube, K. A. (2003). Ancient and contemporary Maya conceptions about field and forest. In Gómez-
Pompa, A., Allen, M. F., Fedick, S. L., and Jiménez-Osornio, J. J. (eds.), The Lowland Maya 
Area: Three Millennia at the Human-Wildland Interface, Food Products Press, New York, pp. 
461–492.

Terán, S., Rasmussen, C. H., and May Cauich, O. (1998) Las plantas de la milpa entre los mayas: Etno-
botánica de las plantas cultivadas por los campesinos mayas en las milpas del noroeste de Yucatán, 
México. Fundación Tun Ben Kin, Mérida, Yucatán.

Thompson, K. M. (2013). Biodiversity in Forests of the Ancient Maya Lowlands and One of Its Dominant 
Trees, Manilkara zapota (Sapotaceae): Ecological and Anthropogenic Implications, Ph.D. disser-
tation, Department of Geography, University of Cincinnati, Cincinnati, OH.

Thompson, K. M., Culley, T. M., Zumberger, A. M., and Lentz, D. L. (2015a). Genetic variation and 
structure in the Neotropical tree, Manilkara zapota (L.) P. Royen (Sapotaceae) used by the ancient 
Maya. Tree Genetics & Genomes 11: 1–13.

Thompson, K. M., Hood, A., Cavallaro, D., and Lentz, D. L. (2015b). Connecting contemporary ecology 
and ethnobotany to ancient plant use practices of the Maya at Tikal. In Lentz, D. L., Dunning, N. 
P., and Scarborough, V. L. (eds.), Tikal: Paleoecology of an Ancient Maya City, Cambridge Uni-
versity Press, New York, pp. 124–151.

Toensmeier, E. (2007). Perennial Vegetables: From Artichokes to "Zuiki" Taro, a Gardener’s Guide to 
Over 100 Delicious, Easy-to-Grow Edibles, Chelsea Green, White Water Junction, VT.

Tozzer, A. M. (1907). A Comparative Study of the Mayas and the Lacandones, MacMillan, New York.
Tozzer, A. M. (ed.) (1941). Landa’s relación de las cosas de Yucatan, Papers vol. XVIII, Peabody 

Museum of American Archaeology and Ethnography, Harvard University, Cambridge, MA.
Trabanino García, F. (2012). Sistema de manejo del bosque tropical en Chinikihá a través de la etno-

ecología y la paleoetnobotánica. In Arroyo, B., Paiz, L., and Mejía, H. (eds.), XXV Simposio de 
investigaciones arqueológicas en Guatemala, Ministerio de Cultura y Deportes, Instituto de 
Antropología e Historia y Asociación Tikal, Guatemala, pp. 798–804.

Trabanino García, F., and Liendo Stuardo, R. (2012). Arqueología de las plantas en Chinikiha. Paper 
presented at the Primera Conferencia Intercontinental of the Society for American Archaeology, 
Panama.

Trabanino García, F., and Meléndez Guadarrama, L. (2016). El ajkum sa’ o ’pozol de camote’- una 
bebida entre los mayas palencanos del clásico tardío. Ketzalcalli 2: 3–21.

Turner II, B. L., and Harrison, P. D. (1981). Prehistoric raised-field agriculture in the Maya Lowlands. 
Science 213: 399–405.

Turner II, B. L., and Miksicek, C. H. (1984). Economic plant-species associated with prehistoric agricul-
ture in the Maya Lowlands. Economic Botany 38: 179–193.

Turner II, B. L., and Sabloff, J. A. (2012). Classic period collapse of the central Maya Lowlands: Insights 
about human–environment relationships for sustainability. Proceedings of the National Academy of 
Sciences 109: 13908–13914.

Tykot, R. H. (2002). Contribution of stable isotope analysis to understanding dietary variation among 
the Maya. In ACS Symposium Series, vol. 831, American Chemical Society, Washington, DC, pp. 
214–230.

Vallejo Nieto, M. I., Gurri García, F. D., and Molina Rosales, D. O. (2011). Agricultura comercial, tradi-
cional y vulnerabilidad en campesinos. Política y Cultura 2011 (otoño): 71–98.

Venegas Durán, B. J. (2019). Paleoetnobotánica y arqueobotánica del Grupo Limón: Nuevos aportes 
para comprender la subsistencia de un conjunto residencial de la antigua ciudad de Palenque, 
Chiapas, Ph.D. dissertation, Ciencias Antropologicas, Universidad Autónoma de Yucatán, Mérida, 
Yucatán.

Venegas Durán, B. J., Herrera-Parra, E. M., and Novelo Pérez, M. (2020). Análisis e identificación de 
almidones arqueológicos en instrumentos líticos y cerámica del conjunto residencial Limón de 
Palenque, Chiapas, Mexico. Revista de Arqueología 25: 25–44.



613

1 3

Journal of Archaeological Research (2023) 31:561–615 

Vieira, D. L. M., Holl, K. D., and Peneireiro, F. M. (2009). Agro-successional restoration as a strategy to 
facilitate tropical forest recovery. Restoration Ecology 17: 451–459.

Voorhies, B. (1982). An ecological model of the early Maya of the central lowlands. In Flannery, K. V. 
(ed.), Maya Subsistence: Studies in Memory of Dennis E. Puleston, Academic Press, New York, 
pp. 65–95.

Wahl, D., Schreiner, T., Byrne, R., and Hansen, R. (2007). A paleoecological record from a Late Classic 
Maya reservoir in the north Petén. Latin American Antiquity 18: 212–222.

White, C. D., and Schwarcz, H. P. (1989). Ancient Maya diet: As inferred from isotopic and elemental 
analysis of human bone. Journal of Archaeological Science 16: 451–474.

Whitmore, T. M., and Turner, B. L. (1992). Landscapes of cultivation in Mesoamerica on the eve of the 
conquest. Annals of the Association of American Geographers 82: 402–425.

Whitmore, T. M., and Turner, B. L. (2001). Cultivated Landscapes of Middle America on the Eve 
of the Conquest, Oxford Geographical and Environmental Studies, Oxford University Press, 
Oxford.

Wilken, G. C. (1971). Food-producing systems available to the ancient Maya. American Antiquity 36: 
432–448.

Wiseman, F. M. (1978). Agricultural and historical ecology of the Maya Lowlands. In Harrison, P. D., 
and Turner II, B. L. (eds.), Pre-Hispanic Maya Agriculture, University of New Mexico Press, 
Albuquerque, pp. 63–116.

Wyatt, A. R. (2008). Pine as an element of household refuse in the fertilization of ancient Maya agricul-
tural fields. Journal of Ethnobiology 28: 244–258.

Wyatt, A. R. (2012). Agricultural practices at Chan: Farming and political economy in an ancient Maya 
community. In Robin, C. (ed.), Chan: An Ancient Maya Farming Community, University Press of 
Florida, Gainesville, pp. 71–88.

Wyatt, A. R. (2020). Gardens of the Maya. In Masson, M. A., Freidel, D. A., and Demarest, A. A. (eds.), 
The Real Business of Ancient Maya Economies: From Farmers’ Fields to Rulers’ Realms, Univer-
sity Press of Florida, Gainesville, pp. 187–209.

Yaeger, J. (2020). Collapse, transformation, reorganization: The Terminal Classic transition in the 
Maya world. In Hutson, S. R., and Ardren, T. (eds.), The Maya World, Routledge, New York, pp. 
777–793.

Zarger, R. K. (2009). Mosaics of Maya livelihoods: Readjusting to global and local food crises. NAPA 
Bulletin 32: 130–151.

Zarrillo, S., Gaikwad, N., Lanaud, C., Powis, T., Viot, C., Lesur, I., et al. (2018). The use and domes-
tication of Theobroma cacao during the mid-Holocene in the upper Amazon. Nature Ecology & 
Evolution 2: 1879–1888.

Zier, C. J. (1980). A Classic-period Maya agricultural field in western El Salvador. Journal of Field 
Archaeology 7: 65–74.

Zimmermann, M. (2019). Subsistence of Pre-Columbian Maya Urban Communities: A Microscopic View 
on Alternative Staples, Ph.D. dissertation, Department of Anthropology, Washington State Univer-
sity, Pullman.

Bibliography of Recent Literature

Bozarth, S. R., and Guderjan, T. H. (2004). Biosilicate analysis of residue in Maya dedicatory cache ves-
sels from Blue Creek, Belize. Journal of Archaeological Science 31: 205–215.

Cagnato, C. (2018). Sweet, weedy and wild: Macrobotanical remains from a Late Classic (8th century 
AD) feasting deposit discovered at La Corona, an ancient Maya settlement. Vegetation History and 
Archaeobotany 1: 241–252.

Dunning, N. P., and Beach, T. (2010). Farms and forests: Spatial and temporal perspectives on ancient 
Maya landscapes. In Martini, I. P., and Chesworth, W. (eds.), Landscapes and Societies, Springer, 
Berlin, pp. 369–389.

Dussol, L., Sion, J., and Nondédéo, P. (2019). Late fire ceremonies and abandonment behaviors at the 
Classic Maya city of Naachtun, Guatemala. Journal of Anthropological Archaeology 56: 101099.



614 Journal of Archaeological Research (2023) 31:561–615

1 3

Haslam, M. A. (2006). Investigation of activity areas through starch analysis: A case study from Copan, 
Honduras. In Torrence, R., and Barton, H. (eds.), Ancient Starch Research, Left Coast Press, Walnut 
Creek, CA, pp. 174–175.

Inomata, T., Triadan, D., Vázquez López, V. A., Fernandez-Diaz, J. C., Omori, T., Méndez Bauer, M. B., 
et al. (2020). Monumental architecture at Aguada Fénix and the rise of Maya civilization. Nature 
582: 530–533.

Lentz, D. L. (1991). Maya diets of the rich and poor: Paleoethnobotanical evidence from Copán. Latin 
American Antiquity 2: 269–287.

Lentz, D. L., Dunning, N. P., Scarborough, V. L., Magee, K. S., Thompson, K. M., Weaver, E., et  al. 
(2014). Forests, fields, and the edge of sustainability at the ancient Maya city of Tikal. Proceedings 
of the National Academy of Sciences 111: 18513–18518.

Lentz, D. L., Graham, E., Vinaja, X., Slotten, V., and Jain, R. (2016). Agroforestry and ritual at the 
ancient Maya center of Lamanai. Journal of Archaeological Science: Reports 8: 284–294.

Lentz, D. L., Woods, S., Hood, A., and Murph, M. (2012). Agroforestry and agricultural production of 
the ancient Maya at the Chan site. In Robin, C. (ed.), Chan: An Ancient Maya Farming Community 
in Belize, University Press of Florida, Gainesville, pp. 89–112.

McNeil, C. L. (2006). Traditional cacao use in modern Mesoamerica. In McNeil, C. L. (ed.), Chocolate in 
Mesoamerica: A Cultural History of Cacao, University Press of Florida, Gainesville, pp. 341–366.

McNeil, C. L. (2020). Favored plants of the Maya. In Hutson, S. R., and Ardren, T. (eds.), The Maya 
World, Routledge, New York, pp. 183–202.

Neff, L. T. (2008). A Study of Agricultural Intensification: Ancient Maya Agricultural Terracing in the 
Xunantunich Hinterland, Belize, Central America, Ph.D. dissertation, Department of Anthropology, 
University of Pennsylvania, Philadelphia.

Robin, C., Johnson, M. H., Joyce, R. A., Lucero, L. J., Meskell, L., Palka, J. W., and Schortman, E. 
(2006). Gender, farming, and long-term change. Current anthropology 47: 409–433.

Robinson, M. E., and McKillop, H. I. (2013). Ancient Maya wood selection and forest exploitation: A 
view from the Paynes Creek salt works, Belize. Journal of Archaeological Science 40: 3584–3595.

Rosenswig, R. M., Pearsall, D. M., Masson, M. A., Culleton, B. J., and Kennett, D. J. (2014). Archaic 
period settlement and subsistence in the Maya Lowlands: New starch grain and lithic data from 
Freshwater Creek, Belize. Journal of Archaeological Science 41: 308–321.

Sheets, P. D., and Woodward, M. (2002). Cultivating biodiversity: Milpas, gardens, and the Classic 
period landscape. In Sheets, P. D. (ed.), Before the Volcano Erupted: The Ancient Cerèn Village in 
Central America, University of Texas Press, Austin, pp. 184–191.

Sheets, P. D., Dixon, C., Guerra, M., and Blanford, A. (2011). Manioc cultivation at Ceren, El Salvador: 
Occasional kitchen garden plant or staple crop? Ancient Mesoamerica 22: 1–11.

Simms, S. R., Berna, F., and Bey, G. J. (2013). A prehispanic Maya pit oven? Microanalysis of fired clay 
balls from the Puuc region, Yucatan, Mexico. Journal of Archaeological Science 40: 1144–1157.

Trabanino García, F. (2010). Evidencias paleoetnobotánicas del uso de nance (Byrsonima crassifolia [L.] 
Kunth.) (Malpighiaceae) en la reserva de la biosfera Maya, México. In Moreno-Fuentes, Á., Pulido-
Silva, M. T., Mariaca-Méndez, R., Valadez-Azúa, R., Mejía-Correa, P., and Gutiérrez-Santillán, T. 
V. (eds.), Sistemas biocognitivos tradicionales: Paradigmas en la conservación biológica y el forta-
lecimiento cultural, Asociación Etnobiológica Mexicana, AC-Global Diversity Foundation, El Cole-
gio de la Frontera Sur, Universidad Autónoma del Estado de Hidalgo, and Sociedad Latinoameri-
cana de Etnobiología, Mexico, pp. 476–480.

Trabanino García, F. (2014). El uso de las plantas y el manejo de la selva por los antiguos mayas de 
Chinikihá, Ph.D. dissertation, Departamento de Antropología, Universidad Nacional Autónoma de 
México, Mexico City.

Venegas Durán, B. J. (2018). Los contenedores de alimentos durante el clásico maya: Nuevos aportes 
desde el campo de la arqueobotánica, la paleoetnobotánica y la epigrafía, para comprender los pro-
cesos de elaboración de alimentos en el área maya. Lakamhá Boletín Informativo del Museo de Sitio 
de Palenque 4: 3–23.

Wendel, M. M. (2019). Wetland fields in the Maya Lowlands: Archaeobotanical evidence from birds of 
paradise, Belize, M.A. thesis, Department of Anthropology, University of Cincinnati, Cincinnati, 
OH.

Wyatt, A. R., Jarzen, D., Hare, L., and Emery, K. (2012). Preliminary investigations in macro-and micro-
botany at Motul de San José. In Foias, A. E., and Emery, K. F. (eds.), Motul de San José: Poli-
tics, History, and Economy in a Classic Maya Polity, University Press of Florida, Gainesville, pp. 
275–290.



615

1 3

Journal of Archaeological Research (2023) 31:561–615 

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps 
and institutional affiliations.


	Agriculture in the Ancient Maya Lowlands (Part 1): Paleoethnobotanical Residues and New Perspectives on Plant Management
	Abstract
	Introduction
	Agriculture in the Tropical Maya Lowlands: Historical Models and Approaches through the 1980s
	Ancient Problems and New Approaches: Agricultural Publications since the 1990s
	Maya Agriculture: A Managed Successional Cropping System
	Homegardening
	Tree and Shrub Crops in Homegardens
	Horticulture and Non-Domesticates

	Milpa Cycling
	Annual Crops
	Geophyte Crops

	Forest Gardening: Silviculture and Arboriculture
	Vegetation Growth Management
	Landscape Engineering and Soil Management
	Maya Agriculture: Corroborations, Contradictions, Complementarities, Caveats
	Recharacterizing Lowland Maya Environments
	Emphasizing Heterogeneity of Agricultural Strategies
	Reconsidering Centrality of Maize in Subsistence and Agriculture
	Displacing Centrality of Milpa System as Food Base
	Rethinking Swidden Strategies in Agricultural Practices
	Reevaluating Dominance of Maize Crop Failure in Social Models
	Caveats and Comments

	Conclusions
	Past to Future
	Anchor 26
	Acknowledgments 
	References




