
C

S
a

1
b

M
c

C

a

A
R
R
A
A

K
M
B
L
Y
M
T
R
L

1

o
(
f
E
b
a
1
a
e
i
m
o
l

c

S
1

0
d

Forest Ecology and Management 261 (2011) 1696–1705

Contents lists available at ScienceDirect

Forest Ecology and Management

journa l homepage: www.e lsev ier .com/ locate / foreco

omparisons of Mayan forest management, restoration, and conservation

tewart A.W. Diemonta,b,∗, Jessica L. Bohna, Donald D. Rayomea, Sarah J. Kelsena, Kaity Chengc

Department of Environmental Resources Engineering, State University of New York, College of Environmental Science and Forestry,
Forestry Drive, 402 Baker Lab, Syracuse, NY 13210, USA
Department of Agroecology, El Colegio de La Frontera Sur, Carretera Panamericana y Periférico Sur S/N,
aria Auxiliadora San Cristóbal de las Casas, Chiapas, San Cristóbal de Las Casas, Chiapas, Mexico

Department of Forest and Natural Resources Management, State University of New York,
ollege of Environmental Science and Forestry, 1 Forestry Drive, 402 Baker Lab, Syracuse, NY 13210, USA

r t i c l e i n f o

rticle history:
eceived 6 May 2010
eceived in revised form 16 October 2010
ccepted 7 November 2010
vailable online 7 December 2010

eywords:

a b s t r a c t

Numerous communities associated with at least five distinct ethnic Mayan groups in southern Mexico
and Central America continue to rely upon forested areas as integral components of their agricultural
systems. They carefully manage these areas so that forests provide food, raw materials, and animals. Man-
agement practices include removing and planting of woody and herbaceous species, apiculture, and seed
harvest. Mayan agroforestry systems in geographically and ecologically distinct areas of Mesoamerica
were evaluated to better understand traditional agroforestry system components and how indigenous
Mayan agroforestry could be a part of regional forest conservation and restoration. Systems were within
exico
elize
acandon Maya
ucatec Maya
opan Maya

sotsil Maya

Mexican land grant areas (ejidos) or on contested land. Although these systems rely upon different woody
species and management techniques, common among them are: (1) the use of multi-stage and succes-
sional pathways with forest as a part of the larger system, (2) species that are believed by traditional
ecological knowledge (TEK) to accelerate forest regeneration – more than 30 tree species are recognized
and managed as potential facilitators of forest regeneration and (3) direct human consumption of forest

egene
esilience
ocal ecological knowledge (LEK)

products at all stages of r

. Introduction

Environmental degradation in Mesomerica, as in many devel-
ping areas, is severe. For example, in Belize, Nations and Komer
1983) found an annual deforestation rate of 0.3%; by 1993, USAID
ound annual deforestation had climbed to 1.8% (Drew, 1999); and
mch et al. (2005) calculated a total net loss of 10% forest cover
etween 1975 and 1999 in southern Belize. In southern Mexico,
nnual deforestation rates are over 2% (Howard and Homer-Dixon,
996). Between 1990 and 2000, Honduras and Guatemala lost 1%
nd 1.7%, respectively, of the forest annually (FAO, 2001; Tucker
t al., 2005). These figures vary somewhat, but clearly deforestation
n Mesoamerica, a biodiversity hotspot, is rapidly occurring. Land

anagement practices, overwhelmingly dominated by conversion

f forest and grassland to agriculture and ranching, represent a
arge reason for this loss.

Degraded environmental conditions result in socio-political dis-
ord, which escalates with increasing population pressures (Lal,

∗ Corresponding author at: Department of Environmental Resources Engineering,
tate University of New York, College of Environmental Science and Forestry,
Forestry Drive, 402 Baker Lab, Syracuse, NY 13210, USA. Tel.: +1 315 470 4707.

E-mail address: sdiemont@esf.edu (S.A.W. Diemont).

378-1127/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.foreco.2010.11.006
ration.
© 2010 Elsevier B.V. All rights reserved.

1995; Ram, 1997; Campbell and Anaya, 2008) through more com-
plex standards of living (Dong et al., 2008). Struggles such as
these have led to exploration of land management strategies and
research into practices guided by traditional ecological knowl-
edge in the developing neotropics and beyond (Altieri, 1995;
Challenger, 1998; Diemont and Martin, 2009; Martin et al., 2010).
Research has been undertaken on traditional systems as sources
for novel crops (Plotkin, 1988). Challenger (1998) and Altieri
(1995) link an understanding of indigenous systems to sustain-
able land use. Specific to Mesoamerica, Alcorn (1984), Nations
and Nigh (1980), Atran (1993), Levy Tacher et al. (1991) and oth-
ers have described Mayan agroforestry systems. De Clerck and
Negreros-Castillo (2000) and others have examined Mayan home
gardens. Atran (1999) describes the importance of local knowl-
edge and indigenous commons areas. Gomez Pompa and Kaus
(1999) describe the importance of incorporating local perspectives
of resource use into national decision an policy-making. Research
must be continued into local options that will revert land degrada-
tion while providing for subsistence agriculture by the people who

live in these areas (Nicholson et al., 1995; Foroughbakhch et al.,
2001; Li, 2004).

The Mesoamerican Biological Corridor (MBC) (Fig. 1) is an effort
that could be tied to this need for land rights and conservation. Orig-
inally established in 1990 as the Paseo Pantera, with subsequent

dx.doi.org/10.1016/j.foreco.2010.11.006
http://www.sciencedirect.com/science/journal/03781127
http://www.elsevier.com/locate/foreco
mailto:sdiemont@esf.edu
dx.doi.org/10.1016/j.foreco.2010.11.006
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ig. 1. Map of the Mesoamerican Biological Corridor (NASA/SERVIR) showing resear
anto Domingo Las Palmas, Mexico; and Santa Elena, Belize.

ame change and mission revisions in 1997, the MBC aims to pro-
ect critically endangered wildlife species by allowing for migration
hroughout the organized region (Graham, 2003; CCAD-UND/GEF,
003; Ray et al., 2006). The MBC aims to connect national parks,
eserves, and private and communal lands in Mexico, Guatemala,
elize, Honduras, El Salvador, Nicaragua, and Costa Rica. However,
uch of the MBC remains unresolved gap areas, and land under

rivate and communal use for subsistence agriculture. Restoration
nd conservative efforts must be expanded and altered to meet the
ifficulties imposed by the unique socio-political, economic, and
nvironmental intricacies of Mesoamerica if such efforts will be
et with success (Rivera et al., 2002; CCAD-UND/GEF, 2003).
Indigenous swidden agroforestry can be productive (Long and

air, 1999; Nations and Nigh, 1980) while maintaining ecologi-
al integrity (Diemont and Martin, 2005; Diemont et al., 2006a,b;

ang and Young, 2003). Salafsky (1993) found when comparing
groforested to forested areas in Indonesia that over 80% of mam-
als discovered in the forested areas used agroforested areas as
ell. Wang and Young (2003) saw higher migratory bird use in

raditionally agroforested regions compared to non-traditionally
anaged areas in Yunnan, China. Harvey and Gonzalez Villalobos

2007) discovered comparable bird and bat diversity in forested
egions of Talamanca Reserve, Costa Rica, compared to agroforested
reas surrounding the reserve. These facts support the contribu-
ion of indigenous agroforestry for better ecological management
nd conservation (De Clerck and Negreros-Castillo, 2000; Fox et al.,
000). This is a critical time for research into these Mayan practices

n Mesoamerica because the oral traditions that preserve informa-
ion related to these systems are in decline due to the increasing
nfluence of Western culture (McGee, 2002; Diemont and Martin,
009).
One example of Mesoamerican sustainable design is that of the
acandon Maya of Lacanja Chansayab, Chiapas, Mexico. Their sys-
em of agroforestry (Table 1) is complex, productive, and appears
o be based on agroecological principles that promote tools for
oth restoration and conservation (Quintana-Ascencio et al., 1996;
ations Lacanja Chansayab, Mexico; 20 de Noviembre, Mexico; Nuevo Becal, Mexico;

Diemont and Martin, 2009). The Lacandon Maya are indigenous
forest farmers who live in the Lacandon rainforest in the Eastern
lowlands of Chiapas, Mexico (Kashanipour and McGee, 2004). Their
agricultural system employs a multitude of techniques for main-
taining soil fertility and controlling pests, with minimal need for
purchased inputs (Ewell and Merrill-Sands, 1987; Diemont et al.,
2006a,b; Diemont and Martin, 2009). The Lacandon land-use sys-
tem mimics forest succession (Kricher, 1999), while providing for
human needs at all stages of the system (Diemont and Martin,
2009).

In addition to the productivity of the systems, studies have iden-
tified and studied native tree species that the Lacandon use to
restore soil fertility and plant community (Table 2, Levy Tacher
and Golicher, 2004; Diemont et al., 2006a,b). The leaves of the
planted species Ochroma pyramidale, for example, appear to inhibit
soil nematodes, which suggests a hindrance of leaf decay that
accelerates soil organic matter accumulation under O. pyramidale
(Diemont et al., 2006b). As many as 18 other native tree species are
used by the Lacandon to accelerate forest recovery and restoration
in the fallow (Diemont et al., 2006b; Diemont and Martin, 2009).

Over 30 Maya languages are currently spoken, and numerous
agroforestry systems are in use by contemporary Maya living in
Mesoamerica (Gasser, 2006). At least three of those groups, the
Mopan Maya of Belize, the Itza Maya of Peten, Guatemala, and
the Yucatec Maya of the Yucatan Peninsula, Mexico, speak simi-
lar languages to that of the Lacandon Maya (Sharer and Traxler,
2006). Lacandon Maya and the Mopan Maya migrated from Peten,
Guatemala and/or the Yucatan Peninsula, Mexico less than four
centuries ago. Unlike the Mexican Maya groups, which are in ejido,
or community-owned systems, the Mopan Maya are on govern-
ment reservations, which could influence management. In addition

to those with historical and ethnic lines to the Lacandon Maya,
numerous communities have sprung up in the past 50 years in
geographically similar areas to that of the Lacandon Maya commu-
nity of Lacanja Chansayab due to migration (Hernandez Castillo and
Nigh, 1998); one example is the Tsotsil Maya community of Santo
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Table 2
Plant species used by Lacandon, Yucatec, Mopan and Tsotsil Maya to accelerate soil
and plant community succession.

Community Ethnic group Plant species used for
restoration

20 de Noviembre Yucatec Maya Cedrela odorata
Campeche, Mexico Hampea trilobata

Pimenta dioica
Swietenia macrophylla

Nuevo Becal Yucatec Maya Brosimum alicastrum
Campeche, Mexico Tsotsil Maya Bursera simaruba

Cedrela odorata
Lonchocarpus castilloi
Piscidia piscipula
Swietenia macrophylla

Santa Elena Mopan Maya Brosimum alicastrum
Toledo District, Belize Inga spp. (7 species)

Ximenia americana
Unidentified (pu pu te in
Mopan Maya)

Santo Domingo Las Palmas Tsotsil Maya Cecropia obtusifolia
Chiapas, Mexico Cedrela odorata

Croton draco
Inga paterna
Inga pavoniana
Inga punctata
Schizolobium parahyba

Lacanja Chansayab Lacandon Maya Astrocaryum mexicanum
Chiapas, Mexico Belotia mexicana
Diemont et al. (2006b) Brosimum sp

Bucida buceras
Calophyllum brasiliense
Cedrela sp
Cordia alliodora
Dialium guianense
Guatteria anomala
Hampea stipitata
Hibiscus sp
Mucuna pruriens
Ochroma pyramidale
Piper auritum
Piper aduncum
Sapium lateriflorum
Simira salvadorensis
Sterculia apetala
Swietenia macrophylla

Unidentified (pok te in
Lacandon Maya)

Domingo las Palmas. Similar migratory pathways, linguistic simi-
larities, or similar ecoregions open the possibility of understanding
how Mayan management adapts to new situations.

The presence of Mayan systems with geographic or close eth-
nic similarities to the Lacandon Maya allows for investigation of the
question: How have different Maya groups come to rely on the sim-
ilar tools used by the Lacandon: successional systems, forest use,
and restoration species?

The objectives of this study were to:

(1) Describe and compare agroforestry management of the Yucatec
Maya of 20 de Noviembre and Nuevo Becal in the Yucatan of
Mexico, the Mopan Maya of Santa Elena in southern Belize,
and the Tsotsil Maya of Santo Domingo Las Palmas near Lacanja
Chansayab to the agroforestry of the Lacandon Maya of Lacanja
Chansayab, Mexico (Diemont et al., 2006a,b; Diemont and

Martin, 2009).

(2) Determine how tree species were used for ecosystem restora-
tion by the Yucatec Maya of 20 de Noviembre and Nuevo Becal
in Campeche, Mexico, the Mopan Maya of Santa Elena in south-
ern Belize, and the Tsotsil Maya of Santo Domingo Las Palmas,
Chiapas, Mexico.
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. Materials and methods

.1. Study sites

Study sites were selected based on similarity to the Lacandon
aya in terms of ethnographic closeness (Sharer and Traxler, 2006)

o the Lacandon Maya of Lacanja Chansayab (e.g., the Yucatec Maya
nd the Mopan Maya) and geographic closeness to the Lacandon
aya (Tsotsil Maya of Santo Domingo las Palmas (Fig. 1, Breedlove,

973; Hernandez Castillo and Nigh, 1998). Mopan Maya are not
art of an ejido system, community-owned land, but are instead on
overnment reservation land.

The Yucatec Maya community 20 de Noviembre, Mexico (Fig. 1)
s located at 18◦10′39′′N and 89◦15′44′′W. Mean annual rainfall is
076 mm (INEGI, 2010), soils are karstic, and the surrounding veg-
tation is tropical sub-humid forest. Approximately 90% of families
rrived from Dzitbalche in northern Campeche state. The ejido is
ne of the oldest (1969) in the region and encompasses 28,600 ha
Escamilla et al., 2000). Roughly 350 people reside in the commu-
ity, with each family owning a 60–100 ha parcel for personal use;
ther land in the ejido is communally owned and managed.

The ejido land of Nuevo Becal (Fig. 1) is located at 18◦30′40′′N
nd 89◦15′45′′W and covers an area of 53,000 ha. The members are
oth Yucatec and Tsotsil Maya. The ejido was officially established

n 1970 and is currently home to 420 people, allowing family parcel
izes of 300 ha. The surrounding vegetation is tropical sub-humid
orest. Mean annual rainfall is 1076.2 mm, and soils are karstic.

The Tsotsil Maya of Santo Domingo Las Palmas, Mexico (Fig. 1)
elocated to their present ejido and founded their community
pproximately 39 years ago due to conflict over land availability
n the highlands of Chamula, Chiapas, Mexico. The community is
ocated at 16◦08′27′′N and 91◦19′03′′W. The geography is similar
o that of the Lacandon Maya. At the founding of the community,
ach member of the ejido of the Tsotsil Maya community of Santo
omingo Las Palmas, Mexico was granted 20 ha of land for cultiva-

ion.
The Mopan Maya of Santa Elena, Belize, 16◦13′47′′N and

9◦6′31′′W, live on reservation lands granted to them by the
elizean government (Fig. 1). Precipitation is 4100 mm annually.
he Mopan Maya agroforestry system is approximately 30 ha. The
overnment owns all reservation lands and can eliminate any Maya
and rights at any time for any reason (Binford, 2007). The govern-

ent has exercised this power on numerous occasions (Binford,
007; D. Choc, Santa Elena, pers. comm.), granting logging and oil
xploration rights on reservation lands to foreign companies.

The Lacandon community of Lacanja Chansayab, Mexico, is
ocated at 16◦45′30′′N and 91◦08′30′′W and at an elevation of
00 meters. With a population of approximately 400, Lacanja
hansayab is ejido land and is one of three principal communi-
ies of the Lacandon Maya. The predominant soil type is Alfisol
ith a clayey texture and neutral pH. The surrounding vegetation

s lower montane rainforest (Breedlove, 1973), and annual rainfall
s 2500 mm (Diemont et al., 2006a,b).

.2. Field sampling

In the communities of 20 de Noviembre, Mexico; Nuevo Becal,
exico; Santo Domingo Las Palmas, Mexico; and Santa Elena, Belize

ommunity residents were questioned through semi-structured
nterviews during the period between June 2009 and March 2010.
n the case of Lacanja Chansayab, Mexico, data of previous studies
ith similar methods were used (Diemont et al., 2006a,b; Diemont
nd Martin, 2009). Farmers were categorized as “key informants”
Tremblay, 1957) by the village leadership in each community. At
east four farmers were interviewed in each community. Responses
rom each farmer were cross-checked with other key informants
anagement 261 (2011) 1696–1705 1699

in the community, and only responses with consistent agreement
were used for system and management description. All inter-
view questions were digitally voice recorded and simultaneously
written. Farmers in each community were asked to describe the
agroforestry system that they manage, developmental stages, and
key plant species found in each stage. They were also asked to iden-
tify critical species essential for forest restoration. They were asked
to identify those species known to enhance soil fertility or forest
recovery.

Based on interviews, system diagrams (Figs. 2–4) were con-
structed as described in Odum (1996). All system inputs were
determined (circle symbol) and how those system inputs flowed
into system components. The boundary for the system was set at
the farm level. System components were determined to be primary
producer (bullet symbol), consumer (hexagon symbol), or storage
(tank symbol), and flows (arrows) were arranged according to how
energy flowed among system components.

Plant communities in agroforestry plots were sampled as in
Diemont and Martin (2009), and used for evaluating use of forest
restoration and soil enhancing species. Plant community sampling
locations in each field-stage plot were determined using a transect
method, with 10 samples at intersections of a 20-m grid. Sampling
quadrats of 20–30 m2 were assessed for plant community at each
sampling point. In Santo Domingo las Palmas, a 10 by 20 meter
quadrat was assessed. In the quadrats all plants with basal diameter
5 cm or larger were identified and counted. The traditional immedi-
ate use of each plant was determined from interviews with farmers.
Immediately useful species were those plants that the farmers use
for food, medicine, firewood, construction, or raw materials. Farm-
ers were also asked whether the plant grew wild or was planted,
whether the forest is managed for this plants survival and if so how.
Species were identified by Maya or Spanish name and cross refer-
enced with species lists in Nations and Nigh (1980) and Levy Tacher
et al. (2002). Voucher specimens for all plants not previously col-
lected and identified were collected and deposited in the herbarium
at El Colegio de la Frontera Sur, San Cristóbal de Las Casas, Mexico.
From this plant community assessment, plant use and management
is reported here.

3. Results

3.1. Agroforestry systems

3.1.1. 20 de Noviembre, Mexico – Yucatec Maya
Rotational swidden agroforestry is practiced (Fig. 2 and Table 1)

by the Yucatec Maya of 20 de Noviembre, Mexico. Within the sys-
tem are one shrub stage and two forest stages. Approximately
10–15 species are found in the milpa. The milpa, herbaceous stage,
supplies the family’s primary grain and vegetable needs: corn,
beans, squash, tomatoes, jalapeños, with other supplementary
vegetables. No products grown in the milpa are marketed. Milpa
clearing involves manual tree removal and a controlled burn on
2–4 ha of land. Before the burn, a fire barrier in the form of a shal-
low ditch is built to prevent fire spreading. Controlled burns for
clearing occur at the beginning of the rainy season, usually in May
and June to prevent fire spread and to ensure rain for newly planted
seeds. After 2–4 years of harvesting, the milpa is left fallow; no har-
vesting or planting occurs for three years after abandonment. This
fallow period is called quamile or yerba and is meant as a rest for the
soil. After five years, in a stage called collectively arbusto (Spanish

for shrub), nurse trees (see Section 3.2) are planted to encourage
regeneration of a mature forest. Firewood for cooking is the primary
harvestable product from arbusto. As the stand matures and has
aged 10–25 years, bee colonies are located in this secondary forest
to aid in pollination, and to take advantage of the many flowering
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Fig. 2. Agroforestry system diagrams of 20 de Noviembre and Nuevo Becal, Mexico. Odum (1996) diagramming is utilized.

Fig. 3. Agroforestry system diagram of Santa Elena, Belize. Odum (1996) system diagramming is utilized.
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Fig. 4. Production system diagram of Santa Domingo Las

pecies in this stage. Forest products harvested in the secondary
orest include leaves for thatched roofs, timber for homes and fur-
iture, medicines, and wild fruit. As the stage continues to age into
onte or selva baja, reaching maturity at 30 years, the stand struc-

urally resembles areas of primary forest. Yucatec Maya of 20 de
oviembre view this stage as a reserve for future generations to
onvert to milpa, and as a source for income generation through
elective logging and chicle harvesting. After 30 years the forest is
onsidered selva alta (tall jungle), or selva primaria (primary for-
st); it is used for many of the same purposes as the previous stage.
any Yucatec Maya of 20 de Noviembre, Mexico affirm that nurse

rees will accelerate succession to selva alta, or mature forest. This
ycle is repeated with each new milpa cleared for food production
esulting in family parcels that form a mosaic of the different stages
escribed above.

.1.2. Nuevo Becal, Mexico–Yucatec Maya and Tsotsil Maya
Controlled burns are used to clear milpa sites of 4–5 ha for the

raditional crops of corn, beans, squash, and chile; it is the first stage
f the Nuevo Becal agroforestry system (Fig. 2 and Table 1). Sites
re used for 3–4 years before succession to fallow stages. Three suc-
essional stages of fallow, or yerba, are recognized, the 5–10 year
tage, or arbusto, the 10–25 year stage, the acahual, and the 25+
tage, selva alta, a mature forest structurally indistinguishable from
he primary forest, yet recognized by residents as non-primary. In
he arbusto stage, nurse trees are planted to aid in forest regenera-
ion and to provide for wildlife habitat (see Section 3.2). Firewood

nd small amounts of home construction material are the main
arvestable products in this stage. In the acahual stage, no species
ere planted, but diversity of forest product harvesting was high-

st. Wood for charcoal production, furniture and woodcrafts, and
ome building were the dominant products. In the oldest stage,
s, Mexico. Odum (1996) system diagramming is utilized.

chicle collection, medicinal plants, and selected timber were the pri-
mary products. In addition to swidden agroforestry, home gardens,
charcoal production, apiculture, woodcrafts, and a small amount of
cattle ranching were utilized by many families.

3.1.3. Santa Elena, Belize – Mopan Maya
The Mopan Maya of Santa Elena, Belize practice a swidden agro-

forestry system with nine intermittent stages of varying length
(Fig. 3 and Table 1). They have a variety of forest stages, includ-
ing successional regrowth, agroforested areas, and primary forest.
The agroforestry system has two herbaceous stages and four for-
est stages. The system is traditionally initiated with an herbaceous
stage, cux col, dominated by white corn (Zea mays L.) with inter-
mittent Cucurtiba pepo L. and wild food harvests. Cux col is initiated
through communal slash and high-intensity, short-duration burn.
The brown rice monoculture cux arroz is a locally adapted cux
col variant dominated almost exclusively by upland varieties of
Oryza sativa L. Following either stage is cux bo’ole, a Phaseolus vul-
garis (bush bean) stage interplanted with garden crops. Following
herbaceous stages, the first of two shrub stages, a traditional fal-
low known as mehen ca toc, consists of lightly-managed regrowth.
The second shrub stage, bega, is a heavily-managed and suppressed
form of mehen ca toc. This stage includes planted species such as
Pueraria lobata Willd., Arachis spp., and Mucuna pruriens L. utilized
for shading effects and nitrogen fixation. Lands are left fallow for up
to a year and a half, after which time a second corn crop is planted.
However, once planted species are established, succession is sus-

pended in bega areas for up to five years through biannual clearing.
A communal, slash and high-intensity, short-duration burn event
allows bega to be returned to cux col or planted with agroforested
crops. Traditionally, stand self-thinning after 12–15 years allows
mehen ca toc shrub fallow to succeed into secondary regrowth
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nown as nuh cux ca toc. Stands in nuh cux ca toc are lightly managed
or lumber and fuelwood prior to progression. A modified form of
uh cux ca toc, cux cu’cuh, is a heavily-managed agroforested area
ominated by planted cacao (Theobroma spp.). Cacao are shade-
rown with multiple varieties of naturally regenerating Inga spp.
nd planted lumber species such as teak (Tectona grandis Linn F.),
ahogany (Swietenia mahagoni Jacq.), and cedar (Cedrela spp.).

imber and wild plant are harvested intermittently for personal
se throughout the year. Cux cu’cuh can follow any stage within
he system. As stands are thinned and stem dbh values of softwood
ndicator species surpass 100 cm, secondary regrowth progresses
o advanced secondary forest, new nuk che. This stage is attained
fter approximately 20 years since burn event. Mopan also utilize
rimary forest, known as old nuk che, as a commons for selec-
ive timber cuts, hunting, and gathering of food, medicines, and
rewood.

.1.4. Santo Domingo las Palmas, Mexico–Tsotsil Maya
The Tsotsil Maya of Santo Domingo las Palmas, Chiapas, Mexico

ractice various forms of land management, including traditional
groforestry, corn (milpa) farming, and cattle ranching, while main-
aining surrounding communal forest land (Fig. 4 and Table 1).
offee agroforestry sites are highly diverse, and all producers inter-
iewed follow certified organic production practices. Key trees used
ithin the coffee agroforestry sites include various Inga species

aterna/Sam (Inga paterno Harms), Chalum (Inga pavoniana G. Don),
aspirol (Inga punctata Willd.)), which were identified as beneficial
or soil fertility and play an integral role in shading the understory of
he coffee agroforestry systems. The most common species encoun-
ered in the coffee agroforestry sites were Inga pavoniana for shade,
acao (Theobroma cacao L.) for sale, and various Musa spp. for sale
s well. The milpa farming and cattle ranching land uses have lower
iversity, but are commonly practiced by the Tsotsil Maya of Santo
omingo las Palmas, Chiapas, Mexico.

.1.5. Lacanja Chansayab, Mexico – Lacandon Maya
The Lacandon Maya divide their agricultural system into pri-

ary forest (taman che), an herbaceous stage (kor-commonly
nown as milpa), two shrub stages (robir and jurup che-collectively
nown as acahual), and two secondary forest stages (mehen che
nd nu kux che) (Diemont and Martin, 2009) (Table 1). Kor is the
erbaceous stage, a polyculture where upwards of 20 plants are
ultivated. How long a field remains in kor varies with how often
t is tended, ranging from daily to monthly maintenance. More rig-
rous management will allow land to remain in kor for up to 5
ears. Kor transitions to robir (the first fallow shrub stage) when the
acandon stop weeding herbaceous species, but continue to plant
nd remove tree species (Adolfo Chan K’in, Lacanja Chansayab, pers.
omm.). Robir lasts for two years, before the trees mature into jurup
he, the second fallow shrub stage, which is a 2–3 year phase. Fol-
owing jurup che are two secondary forest stages. The first of the
wo secondary forest stages is mehen che, and the second is nu kux
he. Mehen che lasts for ten years, after which it transitions to nu kux
he, which can last from five to 20 years. Taman che is the Lacandon
erm for primary forest.

.2. Native trees for ecosystem restoration

Each community utilized native trees for ecosystem restoration
Table 2). In some cases the seedlings or saplings of these trees were
lanted and in other cases the seedlings emerged naturally within

he plot, and then all of these were protected during management.

Yucatec Maya of 20 de Noviembre, Mexico utilize restoration
pecies or nurse trees in subsistence agroforestry systems within
heir community. Swidden agroforestry techniques require the
egeneration of forest after an area is cleared with a controlled burn
anagement 261 (2011) 1696–1705

for milpa production. They recognize forest regeneration as being
important to prevent soil depletion as well as for the support of
wildlife. They plant nurse trees five to ten years after a controlled
burn to aid in forest regeneration in the previously cleared milpa
and to prevent grasses and weeds from spreading and competing
with forest regeneration. They stated that nurse trees increased
the speed at which a mature forest regenerates because the nurse
trees helped to create a shady environment for forest trees. Four
restoration species were cultivated from seed collected from the
surrounding forest: Swietenia macrophylla King, Cedrela odorata
L., Pimenta dioica (L.) Merr., and Hampea trilobata Standley. After
germination in seed beds, emerged seedlings are transplanted ran-
domly at a density of 1–3 trees per 100 m2 area, depending on the
owner’s land resources. Each of the nurse species used is native,
relatively fast growing, and moderately shade intolerant, reaffirm-
ing their capacity to function as pioneer species in this system.
These planted restoration species were also found growing wild
in the system; S. macrophylla and C. odorata were once abundant
in the Calakmul area, a 723,185 ha. biosphere reserve in the SE of
Campeche, Mexico. Due to over-harvesting primarily by commer-
cial timber companies, these species are relatively rare. Medicinal
use, income generation, timber, spice production, and wildlife sup-
port are additional uses associated with these four species.

Maya of Nuevo Becal, Mexico accelerate forest regeneration of
their swidden agroforestry systems with species useful for restora-
tion. Similarly to the Yucatec Maya of 20 de Noviembre, Mexico,
nurse tree species were affirmed to aid in the regeneration of
forest after milpa production and decrease the amount of time
needed for mature forest to reestablish. Species used for restoration
include Brosimum alicastrum Sw. (Moraceae), Cedrela odorata, Swi-
etenia macrophylla, Piscidia piscipula (L.) Sarg., Lonchocarpus castilloi
Standl, and Bursera simaruba (L.) Sarg. Restoration trees are ger-
minated from seed gathered in the primary forest on community
property. Trees are planted five to ten years after a controlled
burn. Restoration trees are planted at a density of 2–5 trees per
100 m2 area. The factors identified by the Nuevo Becal as to why
these species resulted in faster regeneration of a mature forest
included: rapid growth, native to the region, and creation of a cooler
micro-climate. An additional factor identified in Nuevo Becal was
benefit to wildlife and encouragement of bird species that spread
the seeds of forest species, promoting greater dispersal into the
plot. It was recognized by all community members interviewed that
these species were important to the regeneration of the forest and
the activity was given high priority in their community.

The species most important for soil and forest restoration in the
Mopan Maya community of Santa Elena, Belize are: Inga spp. (b’itz),
Phyllanthus acidus (L.) Skeels (po’ok, wild plum), Brosimum alicas-
trum (chic ox, ramon nut), and an unidentified species called pu pu te
in Mopan. B’itz (Inga spp.), also known as the bri bri tree, ice cream
bean, and cho’chok, are naturally regenerating tree species utilized
by the Mopan Maya of Santa Elena in all forest stages. Mopan uti-
lize multiple b’itz species for soil restoration, lumber, and fuelwood.
The seed pods contain an edible pulp often likened to ice cream
in texture, while the seeds are boiled for food. Mopan farmers in
Santa Elena often use the leaves of Brosimum alicastrum, Phyllan-
thus acidus, and pu pu te to increase soil richness. They believe the
leaves of these species add nutrients to the soil and increase soil
friability. According to Mopan Maya Dionicio Choc these species
“. . .form fertilizer for the ground. . . makes the soil black, rich. . ..”

Various species were identified by the Tsotsil Maya of Santo
Domingo Las Palmas, Mexico as being beneficial for soil fertility

in the fallow: Cecropia obtusifolia Bertol., Cedrela odorata, Croton
draco Schltdl. & Cham., Inga paterno, Inga pavoniana, Inga punctata,
and Schizolobium parahyba (Vell.) S.F. Blake. Of these species, the
three Inga species are intentionally planted and all species are pro-
tected from removal during regular weedings with machete. The
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nga species are used for firewood and shade in their polyculture
groforestry systems. Cedrela odorata is used for the production of
ne furniture and is often planted as a shade species in and around
offee agroforestry sites. C. obtusifolia and I. pavoniana were planted
s firewood.

. Discussion

.1. Mayan agroforestry systems

The agroforestry systems of 20 de Noviembre, Mexico; Nuevo
ecal, Mexico; Santa Elena, Belize; and Santo Domingo Las Palmas,
exico all bear resemblance to the agroforestry system as practiced

y the Lacandon Maya of Lacanja Chansayab, Mexico (see Diemont
nd Martin, 2009). Community members utilize a variety of succes-
ional stages and management areas. They use species for restoring
reas in early successional stages to later successional stages and
lso purposively designed practices or techniques (i.e., transplan-
ation of seedlings or protection of naturally emerged seedlings of
he mentioned species) to restore the forest as soon as possible in
ld milpa fields. They obtain a variety of plant and animal products
rom all stages of succession.

Successional stages and management areas differ among the five
roups. The Lacandon Maya, the Yucatec Maya of 20 de Noviem-
re and the Maya of Nuevo Becal appear to most heavily manage
orest succession; these three communities have the most exten-
ive systems of organized forest plantings. The communities of
anto Domingo Las Palmas, Nuevo Becal, and 20 de Noviembre in
ome cases have arrested succession with cattle ranching. Different
otivations likely have driven these land use pattern changes. The

acandon Maya and the Yucatec Maya are closely related ethno-
raphically (Nations and Nigh, 1980). The Lacandon may have
igrated to the Yucatan Peninsula before migrating to Chiapas two

o three hundred years ago from the Peten, Guatemala. The Mopan
lso have similar migration history, likely coming from the Peten,
uatemala, but the Mopan are not in an ejido system, where they
ave some autonomy; they are instead essentially tenants to the
elizean government. Furthermore, the Belizean government taxes
he Mopan Maya for fair use of trees. In other words, every time they
ut down a tree they must pay a $15 tax on that tree. Therefore
raditional strategies for forest regrowth or grass roots efforts for
estoration are disincentivized in the Belizean system of produc-
ng marketable products. That said, the Mopan system is the most
omplex of the systems studied, with the greatest number of recog-
ized successional stages: nine compared to six for the Lacandon,
nd four in each Yucatec system.

Both the Tsotsil of Santo Domingo Las Palmas and the Yucatec
aya of 20 de Noviembre and Nuevo Becal have pastures to raise

attle. Much of the area surrounding Montes Azules Biosphere
eserve in Chiapas is being converted to cattle ranches. The Santo
omingo community’s practice of cattle ranching is therefore not

urprising. What is more surprising is that the Lacandon Maya, who
lso border Montes Azules Biosphere Reserve, do not practice cat-
le ranching. The Lacandon are the longest permanent residents
f the area (Nations and Nigh, 1980; McGee, 2002) and there-
ore have the longest oral tradition that relates their traditional
nowledge to their ecosystem management. In contrast, the Tsot-
il Maya of Santo Domingo Las Palmas resemble the vast majority
f inhabitants of the area – short term residents, who migrated
rom different ecoregions to settle in the humid lowland tropical

ainforest. The residents of Santo Domingo Las Palmas migrated
rom upland areas of Chiapas, Chamula, where sheep production is
ommon. They have adapted to the new region with agroforestry;
ong cycle agroforestry is less common in the upland mountain-
us areas of Chiapas. Furthermore, in addition to the milpa, which
anagement 261 (2011) 1696–1705 1703

is common in the mountains, they have developed coffee-based
agroforestry. The reason for cattle ranching in Nuevo Becal and 20
de Noviembre is less clear. It is likely more related with developing
a marketable commodity, ranching incentive programs from gov-
ernment and non-governmental organizations, and movement into
mestizo lifestyle than Yucatec Maya culturally learned resource use.

Cattle production is not the only form of production for mar-
ket in these agroforestry systems; coffee production is used by the
Tsotsil Maya in Santo Domingo Las Palmas and cacao by the Mopan
Maya in Santa Elena. In Santo Domingo Las Palmas, coffee produc-
tion dominates the agroforestry, and the trees support the coffee
through shading. In Santa Elena, the cacao field is a relatively new
stage of production, developed during the past two decades, and
is incorporated into the larger agroforestry system. Once again the
reason for these differences is likely due to adaptation to the area
where they are residing. The Mopan Maya have a tradition of over
two hundred years in the area, whereas the Tsotsil have resided
in the wet lowlands of Chiapas for little over fifty years. Further-
more Tsotsil came from a mountainous area that is geographically
distinct from Santo Domingo Las Palmas. Whereas, the Mopan orig-
inated in lowland Guatemala and migrated to an area that has
similar rainfall and topography to the area they left. The same can be
said for the Yucatec of Nuevo Becal, the Yucatec of 20 de Noviembre
and the Lacandon of Lacanja Chansayab. In all cases, their history
in the larger ecoregion where they currently are located is likely
over two hundred years, and perhaps centuries longer. For exam-
ple, there is little difference in rainfall and precipitation between
the Peten, Guatemala and Lacanja Chansayab, Mexico. In the case
of the Yucatec Maya, migration was from North to South within
Campeche, Mexico and they did not pass through large gradients
of precipitation, soil, or climate. In other words, the agforestry that
is being practiced by the Lacandon Maya, the Yucatec Maya, and
the Mopan Maya likely has a very long history in its current form.

This connection to place of the Lacandon, Yucatec, and Mopan
has been shown to be an important factor in cultural memory. These
decendents of ancient culture can more easily maintain and use
the tools that are essentially placed in their laps during the child-
hood and early adulthood. They are appropriate to the ecoregion
where they are. The technology transfer is generational but not
transcultural or transregional. That they have been less likely to
remove traditional forms of their management is likely due most
profoundly to its appropriateness to the needs of their ecoregion.
In the case of the Tsotsil Maya, they were not first equipped with
a long history of traditional ecological knowledge. They therefore
rely far more on coffee and cattle than the other Maya groups.

The critical piece of Maya groups with a long history in the ecore-
gion is forest succession. The Lacandon, Yucatec and Mopan all
rely upon and promote successional pathways of their surrounding
ecosystem. Like Odum et al. (1963) defined ecological engineering,
in the Mayan agroforestry systems human ingenuity is secondary
to the ingenuity and design of nature. They plant certain species,
but largely rely upon the regenerative capacity of nature. Design
and intervention is, however, critical to success, and Mayan agro-
forestry practices have been designed to maintain and promote the
regenerative capacity of forest in their milpa old-fields. In the case
of all groups restoration species are utilized to accelerate regenera-
tion (Sections 3.2 and 4.2), but that is only a portion of the needs for
success. Yucatec Maya relocate bees into fallow areas to both accel-
erate pollination and honey-making. Lacandon have low intensity
burns during early succession. Mopan do considerable clearing dur-
ing the early stages of the succession. Succession is critical, but

like Mitsch and Jorgensen (1989) further defined ecological engi-
neering, humans are really a part of the agro-ecosystem, not apart
from the agro-ecosystem at all stages; the ecosystem is a benefit to
humans and the ecosystem may benefit from humans. Diemont and
Martin (2009), for example, found that structure and some proper-
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ies and dynamics of soils in the Lacandon agroforestry advanced
econdary forest was similar to primary forest. In Nuevo Becal and
0 de Noviembre Yucatec Maya agroforestry advanced secondary
orest does not differ from primary forest in terms of overall bird
ichness (unpublished data).

.2. Native trees for ecosystem restoration

In all agroforestry systems, native trees are used for restora-
ion. The system is not left only to rest, instead fallow is often
ighly managed for regeneration. In the case of the Lacandon over
8 species are used to accelerate regeneration (Table 2, Diemont
t al., 2006b). The Yucatec Maya in Nuevo Becal use six species as
urse trees, the Yucatec Maya in 20 de Noviembre four species, and
opan use ten species (including seven Inga species). Although the

groforestry system is not a swidden system, and although they are
ecent migrants to the area, the Tsotsil Maya of Santo Domingo Las
almas use seven species for system restoration. Of these species,
everal are used at multiple sites.

Brosimum alicastrum was found useful for system restoration
y the Yucatec Maya in Nuevo Becal and by the Mopan in Santa
lena. An unidentified Brosimum sp. (ba am bax in Lacandon) was
lso useful to the Lacandon for restoration. This species, used for
ruit, and planted is likely not B. alicastrum (ox in Lacandon). B.
licastrum is planted in both Nuevo Becal and Santa Elena. Interest-
ngly, Sánchez-Velásquez et al. (2004) used nurse trees of different
pecies to assist in reestablishing B. alicastrum in Western Mexico
orests. Whereas, in southern Mexico in Nuevo Becal, B. alicastrum
s the nurse tree utilized.

Various Inga species are used in both Santo Domingo Las Palmas,
exico and Santa Elena, Belize. Inga spp. is a nitrogen fixer (Rososki,

982; Nichols et al., 2001), so its inclusion for soil regeneration is
ot surprising. The two communities that use Inga spp. are the two
ommunities that produce coffee and cacao, respectively. Inga spp.
s a common shade coffee tree in Mesoamerica (Rososki, 1982). In
anta Elena Inga spp. is recognized as important in other field areas
esides the cacao producing field, such as mehen ca toc and nuh kux
a toc.

Cedrela odorata is used for system regeneration in all communi-
ies except Santa Elena, Belize; however, in Lacanja Chansayab, it
as unclear if Cedrela sp. was C. odorata. Although Yucatec, Tsotsil,

nd likely Lacandon value C. odorata for restoration, Leopold et al.
2001) found survival rates for C. odorata in mixed stand restora-
ion in Costa Rica to be only 40%. Griscom et al. (2005) found similar

ortality rates for C. odorata, 58%, but it was the hardiest of the
hree species they tested in restoration plots in Panama, among
nterolobium cyclocarpum and Copaifera aromatica.

Swietenia macrophylla is a common species used in degraded
ites in Mesoamerica, so its inclusion in plant lists of restoration
pecies in Mayan communities is not surprising. What is surpris-
ng due to its slow growth, reaching commercial size in 100 years
Gullison et al., 1996) is that in Yucatec Maya communities, S.
acrophylla is planted as a nurse species. Both in Nuevo Becal and

0 de Noviembre, S. macrophylla is planted in a polyculture of nurse
rees that includes faster growing species.

.3. Mayan land management, restoration and conservation in
esoamerica

Alcorn (1984), Altieri (1995), Diemont and Martin (2009), and
ations and Nigh (1980), among others, suggest that Mayan ecosys-
em management and traditional ecological knowledge (TEK) is
way forward for sustainable conservation and restoration in
esoamerica. Martin et al. (2010) posit that TEK contains many

ools for ecological engineering. The research presented in this
aper lends further evidence to that idea. At least five Mayan groups
anagement 261 (2011) 1696–1705

use TEK for conservation of their lands, production for consump-
tion, and restoration of early succession patches to late succession
patches. Over thirty tree species are used for restoring ecosys-
tems. Further work is necessary as in Diemont et al. (2006b) and
Levy Tacher and Golicher (2004) to understand function of these
trees in Mayan restoration. These agroecosystems provide service
to the ecosystem, while providing service to humans in terms of
multiple products at all stages of succession. Additional research
is necessary to understand technology transfer mechanisms that
would permit the thousands of migrant communities to learn from
the TEK embedded in the area where people settle. Such transfer
of knowledge within Mesoamerica could, for example, move the
Mesoamerica Biological Corridor closer toward completion.
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