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Abstract

Comparisons of Maya forest gardens, the economic botany of the Maya forest,
and identifications of plant remains in archaeological contexts converge on the
value of the Maya forest as the reflection of the selective favoring of useful plants
over time and across space. We have evaluated trees conserved in Maya milpas and
present here an annotated list of significant categories of uses that transcend the
ordinary, and highlight the extraordinary appreciation of plants and their role in
the historical and cultural ecology of land use. Recognition of land cover signifi-
cance, biodiversity, water conservation, erosion management, soil fertility princi-
ples, animal habitat essentials, and support for communities are all entangled with
the role of plants. With an example of 160 confirmed trees favored in Maya milpa
agricultural fields, we provide a window into economic values that dominate the
Maya forest.
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1. Introduction

Ancient Mesoamericans, including the Maya, practiced rainfall-dependent agri-
culture rooted in resourceful ingenuity and the skillful use of stone tools and fire
(Figure 1). Land use strategies in the Americas emerged without major capital invest-
ments in plows or cows. The landscape of the Americas depended on interrelation-
ships among people and their observations of environmental processes. In this sense,
Mesoamericans worked with nature, and over millennia of trial and error created their
domesticated landscape [1–3].

Cropped fields of annuals cycled across the landscape, integrally creating
complexity within the phases of forest regeneration while reducing erosion and
maintaining soil fertility (Figure 2). For the Maya, it was not a choice between
cultivated fields and forest (Figure 3), as it often appears to Western eyes. In
Europe, cultivable has long been equated with arable, the original meaning of
which is plowable. Maya agriculture was based on intimate engagements with
nature that integrated subsistence strategies within the context of environmental
management [4]. The Maya, both past and present, have directed exuberant
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tropical growth towards human requirements, resolving the needs of everyday
life with labor, knowledge, and skill [5–10]. Without the field, there could be
no useful forest and without a useful forest there would be no productive field.
The growth and expansion of Maya civilization across the millennia was based
on reliable resource management practices that have left their imprint on the
forest itself in the form of its dominant plants, which are all economically
useful [1, 11, 12].

For the Maya forest to provide basic household requisites, farmlands must have
varying soil qualities, materials for construction and utensils, fibers and spices,
resources for food production [13–15], and habitat for game animals [16–19]. The
topography and diverse landscape comprise upland ridges and hills interspersed with

Figure 1.
Regional Landforms of the Central Maya Lowlands with Major Ancient Maya Centers Indicated. Credit:
MesoAmerican Research Center.
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wetlands and transitional zones. This is the essential palette on which the Maya
developed strategic land cover designs that not only addressed human needs but
mitigated vagaries of rainfall and fire hazards. Ancient Maya settlement patterns
reflect a continuum of intensity, ranging from densely occupied upland ridges to
sparsely inhabited lowlands. The spatial mosaic formed by the gradation between
uplands, lowlands, and wetlands provided access to diverse habitats that facilitated
living in and with the Maya forest. The forest today is a product of selection over
generations, centuries, and millennia to fulfill everyday needs within the natural
forest context [20–25].

2. Cycles from field to forest to field

Popular notions envision Maya populations outstripping their environment.
This assumption seems to originate from interpretations of accounts by early
conquistadors that eschewed appreciation of the Maya forest as a garden. The
Spanish conquistadors’ success in provisioning their armies and finding shelter
in established towns belies perceptions of an unpopulated landscape.
Acknowledging the evident bounty available to the conquistadors during their
brutal conquest sets the stage for examining the resources available to support Maya
civilization.

The economic value of the trees favored throughout the milpa cycle by Maya
households and communities is noteworthy. Not only the dominant plants are useful
(Table 1); a minimum examination of the literature shows nearly 160 named
trees are favored for their utility. Each of these favored trees bear important
qualities and fulfill significant purposes while generating habitats and maintaining
biodiversity [7, 25–35].

Misunderstood and maligned as “shifting cultivation,” the milpa cycle is a
complex web of landscape management inputs embedded in the forest itself
(Figure 4). Resources were managed as a horizontal matrix with vertical

Figure 2.
The Milpa Cycle showing the phases of the cycle of annual and perennial spaces. Credit: MesoAmerican Research
Center.
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variations, forming a complex mosaic created by heterogeneous spatial dimensions
of the milpa forest garden cycle based on the opening of a milpa field that averages
1 hectare. At any one time, no more than one-fifth of the cultivated spaces, around
20%, are fields [12, 21]. The remaining lands, a minimum of 80%, are somewhere in
the process of transforming from field to forest, and eventually cycling back to fields,
in an organized and directed sequence of succession from annual crops to perennials.

Figure 3.
The Dynamic Relationship of Forest and Field, Changing Over a Year, Decade, Generation, and Centuries. Credit:
Kippy Nigh.
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Common Name(s) Scientific Name Pollinator Primary Use

Wild Mamey, Mamay Silvestre, Ts’om Alseis yucatanensis moths food

Milady, Malerio, Sa’yuk Aspidosperma cruentumum insects construction

Cohune, Corozo, Tutz/Mop Attalea cohune insects oil

Breadnut, Ramon, Yaxox Brosimum alicastrum wind food

Tourist tree, Gumbo limbo, Chaca Bursera simaruba bees medicine

Give-and-take, Escoba Cryosophila stauracantha beetles production

Monkey Fruit, Monkey Apple, Succotz Licania platypus moths food

Black Cabbage Bark, Manchich, Manchiche Lonchocarpus castilloi insects construction

Zapodilla, Chico Zapote, Hach-ya Manilkara zapota bats food

Wormwood, Jamaican Dog Wood, Jabin Piscidia piscipula bees poison

Yellow Zapote, Mamey Cireula, Canistel, Pouteria campechiana insects food

Zapotillo, Hoja Fina Pouteria reticulata insects latex

Bay leaf palm, Guano, Xa’an Sabal mauritiiformis insects production

Redwood, Palo Colorado, Chakte Simira salvadorensis moths instruments

Hogplum, Jobo, Hobo Spondias mombin insects food

Mahogany, Caoba, Chacalte Swietenia macrophylla insects construction

Mayflower, Maculiz, Hokab Tabebuia rosea bees construction

Kinep, Guaya, Wayah Talisia oliviformis bees food

Fiddlewood, Blue Blossom, Flor Azul, Yax-nik Vitex gaumeri bats construction

Drunken Baymen, Paragua, Tamay Zuelania guidonia bees medicine

Table 1.
The top twenty dominant plants of the maya forest.

Figure 4.
Lacandon Milpa showing Regeneration of Fields and Forest. Credit: James Nations.
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This complex of interrelated plots is the Maya forest garden [36]. Tree fruits and
animals inhabiting diverse habitats are an integral part of the Maya forest garden
system. Drawing from ethnohistoric and contemporary accounts, the interspersed
fields of the dynamic cycle is repetitive across space and time, consistent with tradi-
tional swidden sequences from around the world [37–39]. Building value though
experimentation over generations, this regenerative cycle was as well-known to the
Maya of the past as it is to their descendants today [40]. Our documentation of
favored trees is a representation of the remarkable cultural impact of the Maya on this
biodiversity hotspot [41, 42] and is an example of how interactions between humans
and their environment can be constructive.

3. Daily needs in a tumpline economy

Transport in the Americas was primarily by foot and, in Mesoamerica, the tump-
line was a dependable asset in transporting goods [43]. Reliance on human-powered

Figure 5.
Home Garden Infield with Domestic Structures, Milpa, and Forest Garden. Credit: MesoAmerican Research
Center.
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transport technology meant household necessities would have to be accessible along a
gradation of distance according to frequency of need: daily requirements would have
to be most proximal, periodic needs would be at short range, while annual needs could
be located farther afield. Still, a household’s requisites could not be acquired from a
distance farther than a day’s round trip, nor something that would take much more
than a household’s extended network of resources to marshal.

Daily necessities, apart from food, would include firewood for cooking, ceramic
production, production [35, 44, 45], and smoking foods. Meat protein from the
diverse habitats of the milpa cycle [17, 18] and water from collection systems on the
landscape were important [46, 47]. Managed home gardens infields are on average
half a hectare (Figure 5) and extended habitats of the infield and the milpa cycle
(Figure 6) would cover at least 5 hectares and provide periodic access to medicine and
fruits, household products and furnishings such as baskets, utensils, containers, toys,
and maintenance materials for leaky roofs, damaged posts, and floors. Annual sched-
ules of maintenance would include refurbishing structures, orchard pruning, and
construction of new buildings. All these would be the stock and trade of daily life.

Investments in the future are an important component of the favored trees we
present here, with many attaining maturity in eight years and thriving over
decades. Planting and nurturing these trees for the food, wood, latex, and fibers
they provide would need to be scheduled to ensure routine access. Trees for fruit,
spice, fodder, and fumigants would require preparation for dependable use. These
could be developed in the annual field and cultivated as the field gives way to
perennials. If you want an avocado, your tree might need to be 4 years old before it
produces fruit, so forethought is required to ensure supply. Wood for construction
varies in size, shape, and the component it is used to build; many trees will be not
much larger than saplings for the construction of ordinary houses. Not all trees need
attain significant girth—it is the properties that are amenable to the task. For
example, only heartwood can be used in posts, while supporting cross members are
gauged by the size of the structure, specific branching patterns are needed for roof
supports, and so on with every facet of building. Knowledge of the properties of
woods is held collectively and based on communities’ needs, where the favoring of

Figure 6.
Infield-Outfield of the Milpa Cycle Land Use Model. Credit: MesoAmerican Research Center.
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specific trees would be essential. Latex for gum and glues must be managed to meet
the myriad household uses that depend on sticking substances, including bandages,
medicine, and mastication. Fibers are important for several household products,
including weaving for clothing, mats, and walls, as well as hangers, hooks, and
more expediate needs. In every case, knowledge of the trees, their multiple proper-
ties, and the skill in their propagation and use would be a vital component of
household economies.

The remnant of the Maya forest today reflects past cycles of investments and
decisions made annually by families over generations. The specific decisions made
to enhance living needs, carried out over centuries, were destined to provide
diverse resources. Decision making aimed to minimize risk and vulnerability to the
whims of weather and the capriciousness of the rains. Every investment in the trees
was designed to increase options and to hedge the challenges that were a daily fact
of life.

4. Significant Maya forest products

Forest products derive from the landscape of the Maya lowlands, the same land-
scape that supplied the Spanish conquistadors with the necessities to support an
invading army. The Maya derived their immediate needs for food, fodder, and fuel
from the landscape, which they managed to conserve water, maintain access to goods
and provide services. The importance of food and fuel is paramount in the Maya
forest. Management skills and knowledge maintains soil fertility to enhance produc-
tion from orchards and to increase field crop yields as well as habitats for hunted
animals.

Cooking is intimately related to food consumption. Fuel woods are excluded from
most economic botanical lists, yet data on the Maya show they are very selective in
what they use for firewood [35, 48]. Not just any burnable material will do; fallen
branches and logs are used but do not suffice. Ethnographic records show special
preferences for size and burn qualities, such as strength, speed, flame size, and smoke.
The nature of use—in hearths or kilns, or for smoking, charcoal production, and as
kindling — is factored into fuel selection. Of 50 trees recorded for the Lacandon [35]
that were used for tools, utensils, furniture, weapons, and house construction,
twenty-two doubled as fuel sources, and many are the same woods recognized in
archaeological middens [49]. Our discussions with forest gardeners reveal strategies
developed to ensure consistent fuel availability, which is reflected in evidence from
the archaeological record. Preferred fuel trees that respond well to re-sprouting can be
coppiced to generate sprouted limbs of the appropriate size for cooking in hearths
(Tzul personal communication) [50].

Household items of all sorts can be grown in home gardens and fields, and they can
also be extracted from regenerating second growth and mature forests. Many forest
products find their use in Maya houses as such varied items as bowls, colanders, cups,
mixing utensils, baskets, brooms, and containers. Weaving required spindles, spindle
whorls, and looms fabricated from forest materials. Fibers were of great importance
for many household items, including strings, cordage, shoulder bags, hammocks,
baskets, trivets, and covers. Colorants and dyes were also important resources from
the forest. Children’s toys include dolls, spinning tops, and rattles. Adornments for
necklaces and head bands use a variety of seeds, not to mention feathers. Musical
instruments were made of special woods, gourds, seeds, and fibers.
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Today, as in the past, many plants have multiple uses, and medicine is among the
most often identified (see [11]). Remedies derived from plants cover most ailments
encountered in the household. Forests and gardens are the pharmaceutical commons,
and familiarity with healing properties of plants, while a specialty of some, was shared
among the community. Medicine/poisons are managed carefully and prescribed in
doses scientifically refined by trial and error through time. Plants from the home
garden and milpa, regenerating plots, and closed canopy forest all contribute to the
pharmacopeia of the Maya.

Palms are abundant in the Maya forest; they are economically useful, providing
resources, food, and products. They occupy the understories of closed canopy forests,
respond as pioneers to the sun, and can be propagated for uses including building
materials, cosmetics, food, fuel, materials for handicrafts, medicines, oils, rituals,
roofs, and improvised shelters. Palms proliferate in response to human activities [51].
Cutting and burning, one of the most common of human interactions with the
environment, result in a novel and domesticated landscape [52].

Much is made of hardwoods, the staples of international exotic wood markets.
Mahogany and Spanish cedar, extensively harvested since the 19th century, were noted
for their large height and diameter as well as their immense buttress supports. A product
of ancient Maya forestry, trees reached these large sizes only in times of depopulation
when the landscape went untended, particularly after the Spanish conquest when native
populations plummeted [20]. With the neglect of the forest gardens, trees once harvested
on a regular basis were left to grow for centuries before the lumbering industry exploited
them in the 1700s. Mahogany is now on the CITES list [17], not because it is extinct, but
because the time of growth is short. Given the way the lumber industry exploits forests
today, it is unlikely they will ever achieve those enormous sizes again [45].

The utility of the Maya forest is rooted in Maya knowledge of products and the
diverse habitats that can enhance availability of animals. We know that the Maya were
habitual meat eaters based on the protein signature in human bones [53], and it has
been demonstrated that there are no appreciable changes in the consumption of
animals over time [16]. The same animals continue to be hunted from the same
composite habitat of home gardens, regenerating perennials, mature forest, and eco-
tones from the earliest times of Maya settlement [17].

Forest habitats were also useful for honeybees and the Maya were expert beekeepers
[54–56]. A forest with beehives has its own name in Mayan: K’axil kab. The scale of
beekeeping must have been noteworthy at the time of European contact, as the Spanish
colonists collected tribute in the form of honey and beeswax. Beekeeping artifacts and
iconography are also evident in the archaeological record. It is worth noting the contri-
bution of bee pollination as well, an important ecological service for the majority of the
forest trees (see Table 1).

In this complex and dynamic process the ancient Maya cultivated their landscape
in ways that prioritize usefulness and complement natural forest cycles. Collabora-
tions with contemporary Maya farmers reveal a sophisticated knowledge base that
contributes to the continued maintenance of the forest as a garden and is the base of
our list of favored trees (Supplementary Appendix A). The average 20-year cycle is
bound to the infield home gardens that are the hub of the outfield mosaic of annuals
and perennials [57–60]. The cycle is characterized by a rotational system with conse-
quences for nature and culture: open fields for traditional agricultural crops, second-
ary growth of perennials for household products, and completing the circuit with a
closed canopy orchard forest covering the original cleared area. The land is then ready
to repeat the cycle again.
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5. Favored trees: management skills embedded in the Maya forest

Built on the diversity of the milpa cycle, tree selection required opening gaps in the
forest as part of swidden practice. This is not indiscriminate slashing and burning—
skilled forest gardeners will select and grow with future investment in mind [57]. Burns
are conducted with care and planning: a cleared trace is established at boundaries, cut
saplings are encouraged to resprout, and specific trees will be favored and carefully
tended to avoid the fires [36]. With a gap prepared for annuals over approximately four
years, the favored trees will be managed to hasten the regenerative perennial component.

Succession comes with the building of perennials [36]. Many of the core trees
destined for immediate use will be culled from these fields: firewood, medicine, house
maintenance, and new animal habitat are benefits of this phase. Far from abandoned,
these are the spaces that demand the most attention. Much time and investment is
spent in building the perennial component of forest gardens. Nurturing trees for
construction, culling poorly developed plants, identifying pests, and indeed hunting
would be dominant activities in these developing landscapes. After eight years, forest
gardens take on a more mature form, and tree production becomes the new focus.
This is the time for investment in pruning, developing, and harvesting assets in the
managed forest and enjoying fruits of the tended garden.

Lands cultivated in intense management cycles require skill, often in short
supply, and labor investment, yet the advantage is the conservation of useful forest
stands. These habitats are subject to the selection process emphasizing the needs of
the populace and the conservation of the lands [36]. The advantage of this system is
the accessibility of resources, it involves skill and knowledge for the prime returns.
This means valuing the sophisticated abilities of Master forest gardeners and
celebrating a community of good farmers. Care is taken to maintain valued trees in
both intensively managed plots and native stands of trees. The objective is to balance
short term requirements with long term needs. The challenge in contemporary
settings is that the emphasis is on long-term stability and reducing risk as opposed to
short term profit.

This time honored systems’ greatest advantage is that the practice promotes food
sovereignty and is action for environmental justice. The methods, strategies, and
practices can best be learned as an apprentice, yet the Master forest gardeners are few
and far between. These principles that are practiced by the Master forest gardeners
confer benefits that builds soil fertility, reduces erosion, lowers temperature, con-
serves water, enhances biodiversity to care for people and our planet.

6. Developing a list of favored trees

Considering the literature on favored trees in the clearing of milpas, we built a
list to identify the uses, ecological service, and values inherent in these choices ([12],
pp. 187–207). This article builds on that foundation with additional research by Grace
Turner and validation of tree species at the Belize Herbarium with collaborator Hector
Mai. We also worked with the encyclopedic knowledge of Master Forest Gardeners
Narciso Torres and Alfonso Tzul and checked data with personal records of the first
director of the Vigilancia of Tikal, Felipe Lanza [46]. We also verified references to
favored plants in Balick and et al. [28], Cook [48], and Roys [61] and cross-referenced
data with the Tikal ordination [62, 63]. Our collaborative effort has resulted in a
master table of scientific and common names, herbarium references for validated
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species, and generic uses of trees, which we present as a work in progress (Supple-
mentary Appendix A).

Our research focuses on woody plants native to the Maya forest of the central
Maya lowlands from El Pilar to Tikal (Figure 1). In our discussions with Master forest
gardeners, we learned that plant identification could involve the smell, the sound of
fruit dropping, the shape of leaves, the texture of bark, variation in buttresses, and
even taste. We aimed to describe general uses, although multiple uses characterize
many plants and medicine was a common theme. An exhaustive list of specific uses,
while valuable, would require a more comprehensive inventory and will be considered
for future research. Our presentation highlights the variety of the favored trees, their
habits, and their general utility.

7. The Maya forest is a garden

Confusion about the value of the landscape, with milpa infields and dispersed
outfields within the forest, has led to misrepresentations of the milpa cycle and its
connection to natural forest regeneration. The preparation and use of fields within the
forest, which forms the basis of a land cover matrix that once sustained large
populations, has gone mostly unrecognized. The misinterpretation of the dynamic
relationship of forest and fields further confounds this issue [36].

The milpa forest garden cycle has continuity from the conquest and colonial times
to the present [12]. The landscape created by the milpa cycle embraces infield home
gardens and diverse, accessible outfields interspersed among secondary growth,
mature forest gardens, and closed canopy forests [64, 65]. The patchwork created by
the field-to-forest cycle of the ethnohistoric and contemporary reports demonstrates
how available resources were used to fulfill daily requisites of food, condiments, fiber,
oils, fuel, gum, furnishings, supplies, medicine, toys, construction materials for
buildings, household utensils for cooking, spinning, baskets, and habitat for animals.
In short, all the everyday requirements of life. These resources can be projected back
in time: the entire landscape with its soil characteristics, geological assets, and min-
erals were part of the environmental interaction to meet human needs in the past, and
these have implications for the future.

To develop and maintain a landscape that reliably and dependably provides for
everyday needs requires observation, skill, and knowledge. The Maya intensive agri-
cultural and forestry system is based on dynamic engagement with natural processes,
which minimized risk over time and maximized effects of labor and skill across space.
Land cover practices engaged with natural processes ensured a vibrant conversion
from annual crops to perennial trees. Forest garden practice mitigated effects of
rainfall variation and built soil fertility with each phase of the high-performance cycle.
The land cover provided by the forest-field mosaic conserved water and managed
biodiversity, all while providing necessities for the populace (cf. [65]).

The milpa cycle, as a subsistence system, retains significant complexity and
depends upon every aspect of the landscape, from the open forest gap through sec-
ondary growth gradients to the closed canopy forest. Without clearing to initiate the
annual milpa, there would be no opportunity to select and stock the regenerating
forest. This managed landscape results in integral perennial investments and creates
the forest garden [26, 66, 67]. The horizontal and vertical distributions of forest
products are sustained by the management of the milpa forest garden cycle, which
depends on the knowledge and skill of the forest managers.
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The Maya forest today is the cumulative result of selection across millennia, the
product of trial and error experimentation, which demonstrates masterful long-term
interactions with nature and the cultivation of biological “capital.” In the ancient
world, managing forests for daily requisites was based on proximity to essential
resources that fulfilled the diversity of daily, weekly, seasonal as well as ceremonial
needs. Understanding the forest as a spatial composite is key to appreciating how the
Maya managed and used resources.

The Mesoamerican and Maya forest, with 24,000 indigenous plants and associated
habitats, has persisted as a hotspot of conservation today [42]. The biodiversity rec-
ognized in the contemporary Maya forest is the outcome of consistent and regular
attention to selection emphasizing resources that sustained Maya life. With the impo-
sition of ecological imperialism, the inappropriate and unsustainable “conventional”
farming of cattle ranches and plowed fields is expanding at the expense of the forest to
maximize short-term profits. All the while, the greatest threat to the value of the Maya
forest is the loss of the active management of traditional Maya farmers.

Key Websites for Tropical Plants

https://www.tropicos.org

http://www.worldfloraonline.org/

https://www.cabi.org

https://plants.sc.egov.usda.gov/java/

http://www.maya-ethnobotany.org

https://www.backyardnature.net

http://powo.science.kew.org

http://swbiodiversity.org/seinet/

https://www.fnps.org

https://www.wildflower.org/plants/

https://www.regionalconservation.org

https://www.inaturalist.org

https://www.rareflora.com

https://www.itis.gov

https://toptropicals.com/catalog

https://www.rainforest-alliance.org

http://www.palmpedia.net/wiki/Main_Page

https://www.cicy.mx/sitios/flora%20digital/indice_busqueda.php herbario@cicy.mx

https://mayaforestgardeners.org/

Acknowledgements

Our foray into the favored trees of the Maya has demonstrated how little we know.
Our list, compiled and discussed with Master Forest Gardeners, is woefully incom-
plete and barely captures the essence of the values we have glimpsed. The compilation

12

Ecotheology - Sustainability and Religions of the World



starts from the literature, not from our citizen scientists, consequently it can only be a
reflection of what researchers, not Master Maya Forest Gardeners, can identify.
Narciso Torres and Alfonso Tzul literally spent hours across many days with us
discussing the compilation of names we had gathered. Can you imagine if we began
with their list? It is a world of possibilities and we must thank them for their magnan-
imous nature to share what little we may grasp. We must also thank our research
team, especially Sherman Horn, for their salient comments and suggestions.

Appendix A: Favored Trees

The Maya forest is a garden supplying all the requirements of everyday life. A
search through the literature on Maya land use, the milpa cycle and plant characteris-
tics, reveals a conservation ethic that bears on a world of uses that include the
following: beverage, construction, dye, fiber, food, foraging, fuel, fumigant, furni-
ture, gum, latex, medicine, oil, ornament, poison, products, resin, ritual, smoking,
spice, tannin. The dominant trees of the Maya forest are show in bold.

The online link for the supplementary table Appendix A: https://cdn.intechopen.
com/public/docs/266251.xlsx
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