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Abstract

Plant invasions, affecting ecosystem recovery and household economics, are an important part of land-use change in the Calakmul region, Mexico, closely related to ecosystem
function and homogenization of landscapes. Bracken fern has increased four-fold from
1985 to 2001; such increase impedes regular succession of the vegetation and affects
the amount of areas under forest opened for cultivation. The distribution of bracken
fern in the region is characterized by low density of bracken in land-sparse areas where
intensive cultivation is predominant and a high density in land-surplus areas characterized
by less intensive cultivation (former large-scale agricultural and cattle projects). Bracken
fern can be seen as a perturbation, similar to drought, to which farmers must decide if
and how to allocate their labor and capital. The apparent rewards to combating bracken
fern, given its high labor costs, are low compared to off-farm and NGO- and statesponsored and state-subsidized activities. Where the latter are a significant option and
land pressures are low, the investment is not made. In contrast, where commercial chili
cultivation is important and land pressures are high, the investment is made. The labor
invested does not intensify cultivation as much as it helps to alleviate a perturbation on
production or loss of land.
Keywords: bracken, Calakmul, Mexico, invasive species.

Resumen

Las especies invasoras que afectan la recuperación de ecosistemas y las economías familiares son componentes importantes en los cambios de uso de la tierra en la región
de Calakmul, México y están directamente relacionadas con las funciones del ecosistema
y la homogenización del paisaje. El helecho ha incrementado cerca de cuatro niveles de
magnitud entre 1985 y 2001; este incremento impide el proceso de sucesión de la vegetación y afecta las tazas de deforestación. La distribución del helecho en la región está
caracterizada por áreas de densidad baja de invasión donde predominan actividades de
agricultura intensa, y por áreas de alta densidad donde las actividades agrícolas son de
tipo extensivo, como la ganadería. Esta situación y sus respuestas son consistentes con el
comportamiento del pequeño agricultor quien combina actividades de mercado y subsistencia. El helecho puede ser visto como un disturbio, similar a la sequía, donde los agricultores deben decidir si invierten y cuanto en términos de mano de obra y capital. Los
beneficios aparentes de combatir la invasión del helecho dado los altos costos en mano
de obra, pueden ser considerados bajos si se comparan con salarios no relacionados
con la agricultura y los subsidios invertidos por ONGs y proyectos del estado. Cuando
esto último es una opción importante y el terreno no es una limitante, la inversión para
combatir el helecho no es realizada. En contraste, en áreas donde cultivos comerciales
de chile son importantes y terreno es esencial, la inversión es hecha. La mano de obra
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invertida más que intensificar los procesos de cultivo, alivia los niveles de disturbios en la
producción o en la pérdida de terreno.
Palabras clave: Helecho, Calakmul, México, especies invasoras.

Introduction

Research on plant invasions is advancing most rapidly within the disciplines of
ecology and economics. It centers on how plant invasions affect ecosystem structure, environmental productivity, biotic diversity, and human welfare (Elton 1958; Hobbs 2000;
Mooney and Hobbs 2000; Lodge 1993; D’Antonio and Kark 2002, Finoff et al. 2005,
Pimentel et al 2002, Sutherst 2000; Vitousek 1994; Vitousek et al. 1997). While ecological
research recognizes the human-environment relationships embedded in plant invasions,
most attention until now has focused on the ecological and economic consequences
(Hobbs 2000; Pimentel et al. 2002). Research linking the biological nature of invasions
with social, economic, and cultural causes of land transformation has enjoyed much less
attention (Robbins 2004: Schneider 2004).
The relation between human activities and the presence of invasive species is
complex (Hobbs 2000). Disturbances are part of ecosystem dynamics, nevertheless human alteration of such disturbance regimes results in the introduction of novel disturbances that produce changes in the system settings (e. g. resource availability), and
that more often increase the opportunities for invasion (Vitousek et al. 1997). Land-use
change has clearly exacerbated the adverse effects of invasive species on native biodiversity by creating suitable habitats for such species, from which they can either permanently
or temporarily invade remaining indigenous habitats. However, cases where human activities actually restrain such processes of invasion are not very well documented. The
process of bracken fern invasion in the southern Yucatán provides a good example in
which human activities not only promote, but also restrain its dispersion.
Plant invasions, affecting ecosystem recovery and household economics, are an
important element of land-use change in the region, closely related to ecosystem function and landscapes (Schneider 2004). Bracken fern has increased four-fold in the area
since 1985, associated directly with human disturbance, primarily agricultural activities.
Once established, bracken fern’s persistence is supported by fire, mostly incidental burns
from the large amount of swidden fires set every year to clear farm and pasture lands. Its
impacts include impediment of forest succession and farmland fallow, reduction in biotic
diversity, and high labor costs to combat its spread. The general assumption drawn from
the literature links this invasion to land degradation (Suazo 1998), but the spatial distribution of bracken fern and its relation with land use suggests a more complex process
involving land-use strategies, land degradation, and fire regimes. This paper focuses on
explaining the relations of land use and current distribution of bracken fern in the Calakmul region. First, a description of the ecology of bracken fern is presented, followed
by a characterization of the study region.

Bracken fern (Pteridium aquilinum (L.) Kuhn)

Bracken fern is distributed all over the world. It is considered an invasive species
because of its tendency to spread out of control, producing a monoculture that discourages the growth of other plant species, thus posing a direct threat to biological diversity
(Pakeman and Marrs 2002). It has the tendency to form dense thickets precluding the
regeneration of other plants and becomes a troublesome weed, difficult to eradicate because of its persistent underground rhizome (Fletcher and Kirkwood 1979). An example
of a region affected by the invasion is Great Britain, where at least 3,600 km2 of the
invasive species was reported in the mid-1990s, located mostly on uplands and upland
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margins where grazing is the main form of land management (Pakeman et al. 1996).
Bracken fern establishes itself on areas dominated by fires, deforestation, and
agricultural activities (Page 1986), causing severe problems to both farmers and conservationists (Schneider, 2004; Pakeman et al. 1994). The main strategies for bracken to
flourish and disperse are: high resistance to diseases and pests (Cooper-Driver 1990),
the presence of allelopathic substances (Gliessman and Muller 1976), vegetative reproduction (Page 1986), the high density of the frond canopy and litter suppressing of
the ground flora, and tolerance to a broad range of climatic and edaphic conditions
(Gliessman and Muller 1976). Another factor contributing to bracken fern invasion is the
resistance of the rhizome to fire and adverse weather conditions, allowing the colony to
spread vegetatively (Fletcher and Kirkwood 1979).
The dynamics and current distribution of the invasions in the tropics have been
minimally addressed. In Mexico bracken is reported in areas of Chiapas and Yucatán
(Schneider 2004; Suazo 1998; Vitkay and Pérez-Salicrup 2001), but research explaining
current process of invasion is modest, although its disruption of land uses is well known.
The considerable success of bracken fern invasions in tropical regions is due in part to
its biology, specifically its dispersion mechanisms. Bracken fern rhizomes run deep into
the soil and are the main factor responsible for colony expansion. Spores are dispersed
all through the year and once the individuals are established, deep rhizomes allow their
local persistence. Characteristics such as resistance to fire, tolerance to long dry periods,
low susceptibility to diseases, carcinogenic effects on potential predators (e. g. cattle) and
high rates of dispersion, make it very difficult to eradicate. Bracken fern patches tend to
be large (> 0.5 ha to 40 ha) and homogeneous due mainly to a frequent fire regime. Areas
covered by the fern are, of course, distinctive structurally from forest and other disturbed
land covers in the region, which allows the detection, and differentiation in remote sensing analysis (Schneider 2004).
The process of invasion starts with the presence of few individuals distributed in
small patches with no more than a few square meters controlled by the shadowing effect
of secondary vegetation. The spread of bracken occurs mostly when surrounding land
is cleared either through fires or for agricultural activities. In Yucatán, the invasion starts
with few plants at the edges of secondary forest and agricultural areas. Areas left in fallow
usually control the growth of bracken but large clearance either for pasture of large scale
agriculture allows for these small patches to spread.

Southern Yucatán and bracken fern invasion

The study region is roughly 22,000 km2 of land comprising southwestern Quintana Roo and southeastern Campeche, north of the Mexican-Guatemalan border (Figure
1). The region is part of the largest expanse of tropical forest remaining in MexicoCentral America and has been labeled a “hot spot” of tropical deforestation (Achard et
al.1998; Peréz-Salicrup 2004). The region’s topography is characterized by undulating
uplands combined with karstic sinks (bajos). The well-drained uplands dominate, ranging
from an elevation of 100 meters on the eastern and western sides and rising to 350 m in
the center of the region. The area is covered throughout by thin rendzinas or mollisols.
Bajos hold water during the wet season, fostered by the buildup of vertisols of thick
clay. Total annual rainfall varies significantly from the southeast to the northwest, ranging
from approximately 1,400 mm to 900 mm. A seasonal deciduous forest covers the region
with two main types: upland forest (selva mediana) and wetland forest (selva baja inundable
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Figure 1. Southern Yucatán Peninsular Region (adapted from Schneider, 2004)
or bajo).
This region was once a portion of the Maya lowlands, and was nearly completely
deforested one thousand years ago during the Classic Period of Maya domination (A. D.
100-900) (Turner 1983). Following the collapse of Maya civilization in A. D. 800-1000,
the region experienced a period largely free of settlement that, continuing past the birth
of the Mexican nation-state in 1821, allowed the return of the forests. Although altered
in species composition, the forest remained largely unpopulated until recently. The region was significantly logged of its hardwoods (Spanish cedar and mahogany) in the mid1900s, followed by extensive colonization from various parts in Mexico. With an increase
of the population from 2,500 in 1960 to approximately 35,000 at the present time, the
southern Yucatán peninsular region finds itself in a human-use struggle to find a balance
between the agricultural needs of the new settlements and broader aims to preserve the
region as a biotic reserve and biological corridor (Klepeis 2001; Turner et al. 2001).
The dominant land tenure system in the region is the ejido: communally managed
land granted by the Mexican government to farmers. Most agriculture within ejidos is
based on swidden techniques with continuous rotation through forest fallow (Klepeis et
al. 2004). The agricultural system referred to locally as milpa, is dominated by maize but
is often intercropped with squash and beans. In recent years, a growing number of farmers have begun to produce commercial crops, most notably jalapeño peppers (chili) and
pasture (Keys 2004). However, the chili market is highly volatile, occasionally generating
negative returns for farmers, and farmers often plant pasture even though they do not
currently own any cattle, only with the expectation they might in the future (Klepeis and
Vance 2003). While the incorporation of such uses has increased the complexity and
variation of swidden practices, traditional crop-fallow cycle in the region is 3 years of
agricultural cultivation followed by 9 to 12 years of forest fallow.
Deforestation rate in the region was approximately 3.8% from 1987 to 1997 with
significant sub-regional variations in amount and rates of loss (Roy Chowdhury and
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Schneider 2004). The east- and west-central edges of the region have been substantially deforested for the longest period, but at the moment significantly higher rates of
deforestation are found along the southeastern edge of the Calakmul Biosphere Reserve.
Larger areas deforested in the early 1970s have undergone secondary succession and
the location of cultivated lands appears to be shifting to successional forests instead of
primary forest, indicating a shortening of fallow cycles (Roy Chowdhury and Schneider,
2004). Significantly, much of this shift is linked to the emergence of market jalapeño
(chili) production, as it is woven into milpa or undertaken through more permanent kinds
of cultivation (Keys, 2004). Land pressures created from market oriented agriculture
or the spread of invasive flora create various problems which conflict with the need of
preserving mature forest in the region for conservation and archeo-tourism programs
(Primack et al. 1998; Turner et al. 2004).

Regional patterns of bracken fern presence and their linkages to land
management

Analysis of remote-sensed imagery-based data for the last 15 years reveals a fourfold increase, and significantly new regional distribution of bracken fern (Schneider
2004). The results of such analysis are here assessed with regard to prevalent land tenure
and land use, the size and age of the ejidos, and ejido distribution in the region. At least
four types of land tenure exist in the region: ejido land (largely usufruct), private land
(largely ranches), forest extensions (ampliaciones) and National Land, the latter assigned
exclusively to the Calakmul Biosphere Reserve. Figure 2 shows the relative density of
bracken fern and its increase in the last 15 years in each of the main land tenure regimes
in the region.

Figure 2. Change in bracken fern cover (percentage of total area) in the Calakmul
region distributed by land tenure system from 1987 to 2001.
Private lands have the highest density and largest increase, followed by ejido land; bracken fern is almost absent in forest extensions and in the Calakmul Biosphere Reserve. This
result is expected because the invasive species requires disturbance to establish itself and
the major human disturbance on the landscape has taken place in ejidos and on ranches.
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Private ranchers clear considerable land but do not necessarily invest the labor to maintain the pasture that they have created. In turn, the opened areas are ready for bracken
fern to invade, which is then promoted by intended burning to combat brush and incidental burns from milpa fires that usually burn around the ranches.
The extent and density of bracken in the ejidos imply a more complex relation
involving size and distribution of the ejidos. The general trend is that the larger the ejido,
the larger the amount of land under bracken fern invasion. Of 115 agricultural ejidos in
the study region, more than half (72), mostly in the western and northern parts of the
region, are covered with less than 1 km2 of bracken fern, 36 ejidos have between 1 and 5
km2, and 7 have more than 5 km.2 The last seven ejidos contribute 45% of the total cover
of bracken fern in the region, and they are located mostly in the eastern part (Table 1).
Area of the
ejido

Total number
of ejidos

Total area
(km2)

Total area
under bracken
fern (km2)

Average density of bracken
fern

< 50 km2

76 (2 QR*)

2,026

57

2.60%

50-150 km2

25 (2 QR)

2,056

54

2.77%

> 150 km

14 (5 QR)

5,181

98

2.12%

2

*Number of ejidos in the state of Quintana Roo
Table 1. Area under bracken fern in 2001 distributed by size of the ejido in the region
of Calakmul.
The ejidos in the state of Quintana Roo have a different land-use history. They are typically the oldest settled and they provide substantial hectares per ejidatario, in some cases
averaging more than 100 ha. This part of the region also appears to be most affected
by hurricane blow-down of forest, including the devastating impacts of Hurricane Janet
in 1955 (Whigman et al. 2003). Very recently, these ejidos appear to be de-emphasizing
subsistence cultivation, and shifting mainly to cattle ranching.
It is not clear if there is a positive relation between year of establishment, or the
age of the ejido, and bracken fern invasion. Older ejidos have witnessed 2-3 or more
swidden cycles and studies indicate that successional growth on lands experiencing this
many cycles may have reduced soil fertility (Read and Lawrence 2003). If more “exhausted” cropped lands are more prone to fern invasion, a positive relation should exist
between the age of the ejido and the amount of areas under bracken fern. However, the
results in Figure 3 indicate that the amount and density of fern are independent of the
age of the ejidos, suggesting that bracken fern is not necessarily related to long periods
of disturbance, or resource depletion.
Regional patterns indicate that there is a strong relation between human activities
and the area under bracken, as well as the persistence of bracken fern (biophysical factors
are indeed critical but are not addressed in this paper). It is important to uncover what
kind of land management practices promote or deter the invasion, as well as to understand the effects of the invasion on the livelihoods of local communities. These issues
are explored below through the case study of two ejidos.

Ejido-level patterns of bracken fern invasion

The two ejidos examined here were selected using information on fern density derived from 1997 satellite data. The selected ejidos represent low (ejido 1) and high density
(ejido 2) of fern invasion respectively (Figure 4). A stratified random sample of 46 farm
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Figure 3. Change in bracken fern cover in ejidos in the Calakmul region distributed by
the time the ejido was established.
ers in the two villages was selected for interview; the interviews were conducted between
January and June 2002. The farmers selected for interview were derived from the official
lists of ejidatarios, which were obtained from the principal ejido official (Comisario Ejidal).
The lists were then divided between ejidatarios with and without fern on their lands, and
farmers selected randomly from each category. A standardized questionnaire was administered to the ejidatarios; the questionnaire being used to elicit the socio-economic and
land-use history. Farmers were asked questions about their immigration history, off-farm
employment, the demographic composition of their households, their farm production,
inputs, and fallow cycle, and bracken fern issues. In addition, each interview involved a
guided tour of the agricultural plots of the respondent. Using a global positioning system
(GPS), a geo-referenced sketch map detailing the configuration of the land and its uses
was created, permitting linkages to the remotely sensed data and providing the spatial
context for the land-use history obtained from the farmers.

Characterization of ejidos

The two ejidos chosen for the detailed study are distinctive not just in terms of
their location, area and bracken fern density, but also in terms of their land-use history
and current land management practices (see Figure 4).

A. Low density fern: Ejido 1

This ejido has a total area of 50 km2 with a population of 300. It is located in
the southern part of the region, 15 km west of the southern road on the edge of the
Calakmul Biosphere Reserve. The ejido was established in 1984 and the founders were
mainly pobladores (farmers without land granted to them but who live on the ejido) from
the neighboring ejido, the first to embark on commercial chili production in the region
(Keys, 2004). The farmers’ basic activity is the milpa combined with chili (most of the
ejidatarios had experience with chili before arriving in the ejido), and very few farmers
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Figure 4. Regional land-cover in 2001 for the ejidos of study.

have cattle. The ejido is one of the most recently established in the area (1985) granted
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just before the creation of the Calakmul Biosphere Reserve (CBR). At least 20% of the
ejido falls in the buffer zone of the CBR. A total of 84 ejidatarios have land rights with
only 40 ha of land assigned to each, a small amount compared to other ejidos in the
region. Current agriculture is located within secondary growth vegetation, owing to strict
regulations by the CBR forbidding the cutting of more forest; the CBR awards apoyos or
subsidies to the ejido to offset this limitation. Fallow cycles average two consecutive years
of cropping per parcel and at least four years of fallow (2:4) (Table 3). Some chili plots
are mechanized—prepared by disking with the Sociedad de Apoyo Rural’s tractor, which is
subsidized by the state.
The area under bracken fern is modest, very recent in its emergence, and located
close to the center of the village (Figure 4). The average plot area of fern is around 3 ha,
smaller than the average milpa plot of 5 ha (Table 2).
Ejido 1

Ejido 2

Area of ejido (km )

54

932

Area under bracken fern
in 2001 (ha)

190

3800

Area under forest extensions (km2)

0

389

Land allocated per ejidatario (ha)

40

100

Total population

311

3,668

Total number of ejidatarios

84

464

19%

46%

15

31

2

Percentage of ejidatarios
affected by bracken fern
Number people interviewed

Table 2. Description of ejidos use in the study.
The fern plots are usually surrounded by old secondary vegetation or forest, which inhibit the expansion of the species. Only 19% of the ejidatarios have bracken fern on their
parcels. Deforestation rates in the last 15 years are higher than for the whole region (1.3%
compared to 0.3 %); however most of the deforestation had occurred between 1985 and
1996. From 1996 to 2001, areas of secondary growth have been brought into areas for
cultivation. Patches of fern bigger than 1 ha are usually abandoned, and farmers avoid
burning these patches and the areas surrounding them.
Farmers attempt agriculture on lands invaded by bracken fern due to their soil
characteristics, especially after burning. Ejidatarios have tried milpas and agro-forestry
on the areas invaded. To do so require at least twice as much labor and yields one-third
the harvest compared to normal milpas. Those farmers willing to undertake the extra
labor and lower yields on fern plots are initially attempting to eradicate the invasion and
move to a parcel with a better location. Due to the lack of success at removing the invasion, they use whatever external income is obtained in order to move to a better parcel.
Land pressures in ejido 1 are sufficiently high to warrant this response as well as management practices aimed at combating the spread of the fern. In addition to “fire protec-

100

Journal of Latin American Geography

tion”, farmers also cut bracken fern when it appears in their fields, attempting to keep it
from spreading. Weeding is an important activity during milpa cultivation; an interesting
result from the study shows that farmers not affected by larger bracken fern areas spend
more working days weeding regular milpas and have a slightly shorter crop-fallow cycle
than farmers with areas of bracken (Table 3).

Average fern area (ha)

Ejido 1 n=10

Ejido 2 n=24

3

19

Average milpa area (ha)

5

3

Percentage of farmers attempting milpa in bracken
areas

80

70

Maize yields in bracken
area

120 kg/ha

255 kg/ha

Maize yields in regular
milpa area

750 kg/ha

663 kg/ha

Number of working days
per ha land weeding in fern
areas (jornales)

4

6

Number of times weeding per ha of bracken fern
(chapeos)

4

4

Number of working days
per ha land weeding in regular milpas (jornales)

6

6

Number of times weeding
per ha of milpa (chapeos)

1

1

Average crop-fallow cycle
for regular milpa1

2:5

2:6

Average crop-fallow cycle
for regular milpa for farmers with parcels not affected by bracken fern

2:4

2:4

2:6 crop-fallow cycle correspond to 2 years of cultivation (one harvest/yr) and 6 years
of (bush fallow).
1

Table 3. Labor and maize yields in areas affected by bracken fern invasion in 2 ejidos in
the region of Calakmul.

B. High density bracken: Ejido 2

This is one of the largest ejidos in the region and possesses the highest amount of
bracken fern: 38 km2 (Table 2). It is one of the oldest ejidos, not only in the region but
in the entire country (Klepeis 2000). It was established in 1941 as a forestry community
with extremely large household holdings and forest set asides. Located on the eastern
edge of the study region, its 932 km2, including 389 km2 of forest extensions, are in the
state of Quintana Roo. It once held the largest wet rice agricultural program in the state
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(1980 during the Mexican Oil boom), but the bajo (wetland forest) area cleared for it is
now in pasture for a livestock program. Currently, 9% of the ejido’s land cover is under
agriculture and 22% is covered by secondary growth. The main changes in that part of
the region over the last 15 years are the decrease in agricultural land and the increase of
bracken fern, such that the fern areas exceed cultivated areas. Bracken fern plots are large
and conspicuous; their average size is 19 ha, and 46% of ejidatarios are affected by the
invasion (Table 2). Ejido 2 reports the highest area cleared for agriculture between 19301960: 4,500 ha—twice as much compared to any ejido in the region, such as the ejido
Silvituc: 2,655 ha located in the western part of the region (Klepeis 2000).
Ejido 2 lies within the center of the pathway of the 1955 hurricane Janet, whichdevastated much of the forest (Whigman et al. 2003). Many trees were blown down in
major swaths following highway 186 to the west. The dead biomass promoted one of the
largest fires reported in the region. (Most farmers interviewed reported these fires as the
most extreme that they ever experienced.) These fires opened large areas for potential
bracken invasion, although confirmation that bracken problems began at this an explanation is a faster recover of secondary vegetation after the hurricane compare to land clear
for agricultural activities time does not yet exist. Accounting for the subsequent largescale projects there, approximately 50 % of the ejido area outside of the forest extension
areas has been disturbed, a high percentage compared to the previous ejido where the
values range from 20% to 30%. The deforestation rate between 1985 and 2001 was low,
an annual rate of 0.1% below the regional deforestation rate, showing that in the last 15
years mostly secondary areas have been used for agriculture.
A program to encourage large-scale agriculture, Plan de Desmonte Nacional
(National Deforestation Plan), was promoted during the presidency of Luis Echeverría (1970-76). Its goal was to promote large-scale agriculture in order to increase crop
production and farmers’ income. The landscape was highly influenced by this and subsequent programs. Farmers initially cleared up to 300 ha for maize and reported yields of
up to 4 tons/ha, compared to the average good yield of 1 ton/ha. These areas shifted
quickly to cattle ranching projects, mostly managed by ejido members who thought the
venture would be more profitable than cultivation. Some of the ranching projects ended
due to the end of subsidies and internal management conflicts.
Former cattle ranching projects sponsored by a municipal-level government program to assist ejidatarios or farmers present a clear example of the implications of land
clearing for bracken fern invasion. One example is the project Sociedad Ganadera La Redonda.1 Beginning in the early 1980s, a group of 12 farmers cleared approximately 200
ha used for maize mixed with pasture. After two years the land was managed in such
way that agriculture was minimal and the land was mostly cover by pasture grasses. The
project persisted until 1987 when it ended due mainly to internal conflicts among its
members. Cattle were sold and the land was abandoned and promptly invaded by bracken
fern. The land cleared for pasture but unmanaged provides an ideal condition for bracken
fern—minimal competition for light from lack of secondary vegetation and dry biomass
receptive to incidental burning from swidden fires surrounding the abandoned ranch. In
this case, the invaded lands were under no specific farmers’ control and were of no value
to any individual household. Therefore, no one attempted to combat the fern. Firmly
established, the fern’s fire ecology and well established rhizome ensures its persistence in
the near term. Land-use histories and the significance of cultivation to total household
income do seem to be important in regard to bracken fern distinctions. Indeed, some
bracken fern stands in the region have existed for more than 25 years, and not necessarily on abandoned, large-scale projects. Much individually controlled farm land has long
been invaded and the fern has persisted, in part because the size of the areas invaded
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are too large to warrant the labor necessary to combat it (farmers attempting to remove
bracken need between 4-6 extra working days to weed bracken versus one day to weed a
regular milpa: Table 3) given the amount of lands controlled per household (100 ha per
farmer) and the diversification of activities in the ejido (half of farmers in this ejido are
involved in off-farm activities).
In summary, this old ejido has ejidatarios with surplus land as well as various past
large-scale production experiments in which no individual household controls the abandoned lands. Bracken fern has invaded these commons and many farm plots, persisting
for several decades. The reduction of the economic importance of milpa linked to agricultural subsidies (e. g. PROCAMPO’s payments2) and the increase in off-farm income
such as small businesses (e. g. tiendas) and remittances from family members working in
nearby regions such Cancún, has allowed indirectly the fern to flourish unattended.

C. Comparisons between the ejidos

The land-use history and current land conditions of these two case-study ejidos
may be contrasted (Tables 2 and 3). One, a relatively new ejido characterized by high
land pressures, strong involvement in cropping, has the highest percentage of forest
and lowest percentage of bracken fern areas. The oldest ejido characterized by low land
pressures and a more recently disinvestment in cropping, has the highest percentage of
bracken fern invasion.
Virtually no difference exists between the ejidos with regard to how milpas are
cultivated. The use of areas under old secondary vegetation is preferred, and areas are
burned before planting and weeding, at least once during the season. Low density ejido
however shows the highest level of farmers involved in milpa and slightly shorter fallow
cycles (Table 3). Keys (2004) reports that chili and milpa are commonly conflated in
the zonas chileras, where ejido 1 is located. Farmers interviewed in this study, however,
implied that their chili parcels were separate (presumably the intensive or mechanized
chili lands) from their milpa parcels. Fallow cycles varies only slightly from the land-rich
ejido 2 farmers to the land-stressed ejido 1 farmers --2 years cultivation, 5 years fallow
in average, much shorter cycle than the one reported by other for the region (Klepeis et
al. 2004).
Land-use histories and the significance of cultivation in total household income
do seem to be important with regard to bracken fern distinctions. Ejido 2 is one of the
oldest settlements in the eastern part of the region and has experienced a variety of
programs that fostered the opening of large areas of land, either for cultivation or cattle.
In either case, the land that has been open and not kept for either practice (cattle/agriculture) had facilitated the invasion by bracken fern.
In each ejido, farmers have attempted to cultivate maize in parcels affected by
bracken. Various farmers claimed that by engaging high labor costs by weeding the fern
three or four times during the cropping cycle, they could generate reasonable yields. Interestingly, however, the reported overall yields on bracken fern parcels are significantly
lower than on “normal” lands, and almost all farmers reported abandoning bracken-parcel milpas after two years of cultivation and not returning to them (Table 3).
Observations hint that well kept pasture land resists bracken fern invasion, the
combination of maintained and fire control limit the spread bracken fern. It’s important
to point out that some of the largest areas invaded in former cattle ranches that lack the
proper maintenance and where cattle has been removed. Combating bracken fern appears to be the same everywhere. It involves cutting the fern as it appears in a plot, which
is usually done during weeding. Once the other vegetation reaches a sufficient height and
density, its shade tends to retard the fern’s growth and expansion. The species grows
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so rapidly, however, that several weedings must be undertaken before crops or bushy
vegetation can create sufficient shade as well as to avoid fires, which are promoted by the
large amount of dry biomass created by the fern. Respondents note that controlling fire
(reducing incidental burning) and maintaining forest edges also helps to control the fern.
Crown shade on edges tends to reduce the fern permitting regeneration of other species
and the spreading of forest over time. Recently, some effort has been given to disking
and planting large fern areas with pasture grass, on the basis that a thick grass will choke
out the fern. It is not yet clear if the labor required to control the fern’s regeneration
compared to the pasture is worthwhile.
Overall, it would appear that bracken fern has the potential to invade virtually
any piece of open land. It tends to become dominant in large areas of land cleared for
agriculture, in those cases where large areas have been cleared, for reasons such as high
labor costs, scarcity of cheap and successful herbicides, local land managers decide not
to combat the invasion. The decision to do so, thus reducing the density of fern, appears
to be related to ejidos and households that have high land pressures and it relies primarily
on cultivation for subsistence and income generation. Also is important to point out that
bracken fern invasion is not just a linear process driven by land management. The invasion also shapes ejidatarios’ decisions; the existence of areas of bracken fern in particular
configurations has prompted communities of farmers to organize the landscape around
decisions they make in combating the spread of the invasive. In one of the ejidos in the
region (not part of this study) the farmers have decided recently not to allow burning or
agricultural activities around a large bracken fern plot encouraging secondary vegetation
around it. Remote sensing data shows that the size of the patch has been constant since
they implemented such practice (Schneider, 2004a).
Conclusions
Regional results indicate a strong relation between the scale and type of human
activity and the presence and dominance of bracken fern. For the most part, larger and
older ejidos contain more and greater proportions of fern-dominated land. Even though
ecological constrains such fire play a critical role in promoting and controlling bracken
fern invasion, land-use analysis presented here indicates the following: bracken fern easily spreads across the landscape, especially as pathways are opened by land clearance for
agricultural production. Unless farmers attack it during its initial invasion stage, bracken
fern will dominate the parcel in question. Its dominance appears to be related to largesized parcels that are regularly burned. This large size probably reflects land abundance,
tenure, and household economics, more so than the physical qualities of space occupied.
For the most part, cooperative and communal projects clearing large amounts of continuous terrain have taken place in the older and larger ejidos in which households have
up to 100 ha in usufruct land. In such land surplus conditions, there is little incentive to
combat bracken fern on non-household land or even to invest the scale of labor needed
on household lands, given other, viable options for production. Alternatively, where
land is scarce and the household economy dependent largely on cultivation, the fern is
attacked through labor.
Bracken fern can be seen as a perturbation, similar to drought, to which farmers must decide if and how to allocate their labor and capital. The apparent rewards to
combating bracken fern, given its high labor costs, are low compared to off-farm employment and NGO- and state-sponsored or state-subsidized activities. Where the latter are
a significant option and land pressures are low, farmers do not invest in the control of
bracken fern invasion. In contrast, where commercial chili cultivation is important and
land pressures are high, the investment is made. This pattern of responses is consistent
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with induced intensification themes (Turner and Ali 1996; Laney 2002). In this case, the
labor invested does not intensify cultivation as much as it helps to alleviate a perturbation
to production or loss of land.
Human linkages to plant invasions are mostly studied in term of impacts, especially those that could be measured economically. Current patterns of plant invasions
suggest a more complex relation with people -changes in land-use and human-environment disturbance provide opportunities for the invasion, and invading species can, in
turn, force changes in land use, specifically modifications in management. In the case
of bracken fern in the southern Yucatán, changes in land management practice do not
seem to be affected; availability of land is large even in areas where bracken is most aggressively present. Once a threshold is reached in terms of bracken fern invasion (more
than a couple of hectares of area invaded), land is usually abandoned, but swidden agricultural practices continue on other parcels, including pasture creation. If bracken fern
affects land used for cultivation, households must reconfigure their cultivated landscape
to account for the lands spared of the invasion, with ramifications for crop-fallow cycles
and alternative land uses. Changes depend on the existing patterns of land-use and landcover, which involve critical points when a small amount of land-use land-cover change
significantly alters the feedback processes and leads to a new patterns on the landscape.
Bracken fern invasion in Yucatán is a case of such processes.
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Notes
1

At least three other similar projects were established at the same time in the ejido.

PROCAMPO (Programa de Apoyo Directo al Campo) is a rural support program developed
by the government to provide payments to ejidatarios for the continued cultivation of a
fixed area of land. The program awarded the first payment is 1994. The number of hectares receiving payment is based on the area that was cultivated in 1994. Crops included
are maize, beans, wheat, sorghum, rice and cotton (Klepeis and Vance 2003).
2

References
Cooper-Driver, G. 1990. Defense strategies in bracken (Pteridium aquilinum (L.) Kuhn),
Annals of the Missouri Botanical Garden 77: 281-286.
D’Antonio, C. M., and S. Kark. 2002. Impacts and Extent of Biotic Invasions in Terrestrial Ecosystems, Trends in Ecology and Evolution 17(5): 202–204.
Elton, C. S. 1958. The ecology and invasions by animals and plants. London: Methuen.
Fletcher, W. W. and R. C. Kirkwood. 1979. The Bracken Fern (Pteridium aquilinum (L.)
Kuhn; its biology and Control, in The experimental biology of ferns. A. F. Dyer (ed.). pp. 591-

Invasive species and land-use in Mexico

105

635. London: Academic Press.
Gliessman, S. R. and C. H. Muller. 1976. Allelopathy in a broad spectrum of environments as illustrated by bracken, Botanical Journal of the Linnean Society 73: 95-104.
Hobbs, R. J. 2000. Land-use changes and invasions, in Invasive species in a changing world. H.
A. Mooney and R. J. Hobbs (eds.). pp 55-65. Washington DC: Island Press.
Keys, E. 2004. Jalapeño Pepper Cultivation: Emergent Commercial Land-Use of the Region, in Integrated Land-Change Science and Tropical Deforestation in the Southern Yucatán: Final
Frontiers. B. L. Turner II, J. Geoghegan and D. Foster (eds.), Oxford Geographical and
Environmental Studies. pp. 207-220. Oxford: Oxford University Press.
Klepeis, P. 2000. Deforesting the once deforested: a land-use/land-cover history of the
southern Yucatan peninsular region. Doctoral dissertation, Graduate School of Geography, Clark University.
Klepeis, P. and R. Roy Chowdhury. 2004. Institutions, Organizations, and Policy Affecting Land Change: Complexity Within and Beyond the Ejido, in Integrated Land-Change
Science and Tropical Deforestation in the Southern Yucatán: Final Frontiers. B. L. Turner II, J.
Geoghegan and D. Foster (eds.), Oxford Geographical and Environmental Studies. pp:
105-141. Oxford: Clarendon Press of Oxford University Press.
Klepeis, P. and B. L. Turner, II. 2001. Integrated land history and global change science:
The example of the southern Yucatán peninsular region project, Land Use Policy 18: 2739.
Klepeis, P., Vance, C., Keys, E., Mendoza, P. M., Turner II, B. L. 2004. Subsistence Sustained: Swidden or Milpa Cultivation, in Integrated Land-Change Science and Tropical Deforestation in the Southern Yucatán: Final Frontiers. B. L. Turner II, J. Geoghegan and D. Foster
(eds.), Oxford Geographical and Environmental Studies. pp.189-206. Oxford: Oxford
University Press.
Lawrence, D. and D. Foster. 2004. Recovery of Nutrient Cycling and Ecosystem Properties following Swidden Cultivation: Regional and Stand-Level Constraints, in Integrated
Land-Change Science and Tropical Deforestation in the Southern Yucatán: Final Frontiers. B. L.
Turner II, J. Geoghegan and D. Foster (eds.), Oxford Geographical and Environmental
Studies. pp. 81-104. Oxford: Oxford University Press.
Lodge, D. M. 1993. Biological invasions: lessons for ecology, Trends in Ecology and Evolution 8(4): 133-137.
Mooney, H. A. 1999. The Global Invasive Species Programme (GISP), Biological Invasions
1: 97-98.
Mooney, H. A. and R. J. Hobbs (eds.). 2000. Invasive species in a changing world. Washington,
DC: Island Press.
Page, C. N. 1986. The strategies of bracken as permanent ecological opportunist, in
Bracken: Ecology, land use and control technology, R. T. Smith and J. A. Taylor (eds.), pp. 173180. Carnforth, England: Parthenon Press.

106

Journal of Latin American Geography

Pakeman, R. J., Marrs, R. H., Jacob, P. J. 1994. A model of bracken fern (Pteridium aquilinum) growth and the effects of control strategies and changing climate, Journal of applied
ecology 31: 145-154.
Pérez-Salicrup, D. R. 2004. Forest Types and their Implications, in Integrated Land-Change
Science and Tropical Deforestation in the Southern Yucatán: Final Frontiers. B. L. Turner II, J.
Geoghegan and D. Foster (eds.), Oxford Geographical and Environmental Studies. pp.
63-80. Oxford: Oxford University Press.
__________. 2001. Forest types in the Southern Yucatan Peninsula: Effects of long and short term
land use on regional diversity. Tropical Ecosystems: Structure, Diversity and Human Welfare.
Proceedings of the International Conference on Tropical Ecosystems, New Dehli: Oxford-IBH.: 142.
Pérez-Salicrup, D. R. and D. F. Foster. 2000. Forest types and forest succession in Southern Yucatan, Mexico, in M. J. Wade (ed.), Evolution 2000, Bloomington, IN. CD on Indiana University Conferences.
Primack, R. B., Bray, D., Galletti, H. A., Ponciano, I. 1998. Timber, Tourists, and Temples:
Conservation and Development in the Maya Forests of Belize, Guatemala, and Mexico. Washington,
D.C.: Island Press.
Read, L. and D. Lawrence. 2003. Recovery of biomass following shifting cultivation in
dry tropical forests of the Yucatan, Ecological Applications 13(1): 85-97.
Robbins, P. 2001. Tracking Invasive Land Covers in India, or why our landscapes have
never been modern, Annals of the Association of American Geographers 91(4): 637-659.
Roy Chowdhury, R. and Schneider. L. C. 2004. Land-Cover/Use in the southern Yucatán
peninsular region, Mexico: Classification and Change Analysis, in Integrated Land-Change
Science and Tropical Deforestation in the Southern Yucatán: Final Frontiers. B. L. Turner II, J.
Geoghegan and D. Foster (eds.), Oxford Geographical and Environmental Studies. pp.
105-141. Oxford: Oxford University Press.
Rymer, L. 1976. The history and ethnobotany of bracken, Botanical Journal of the Linnean
Society 73: 151-176.
Schneider, L. C. 2004a.
�����������������������������������������������������������������
Understanding Bracken Fern Invasion in the Southern Yucatan Peninsular Region through Integrated Land Change Science. Doctoral dissertation,
Graduate School of Geography, Clark University.
__________. 2004b. Bracken fern invasion in southern Yucatán: a case for land–change
science, Geographical Review, 94(2): 229-241.
Suazo, I. 1998. Aspectos ecológicos de la especie invasora Pteridium aquilinum (L.) Kuhn
en una selva humeda de la region de Chajul, Chiapas, Mexico, Facultad de Biologia. Morelia,
Michoacán, Universidad Michoacana de San Nicolas de Hidalgo: 114.
Sutherst, R. W. 2000. Climate Change and Invasive Species: A conceptual framework,

Invasive species and land-use in Mexico

107

in Invasive species in a changing world. H. A. Mooney and R. J. Hobbs (eds.), pp. 211-240.
Washington, DC: Island Press.
Taylor, J. A. 1990. The bracken problem: a global perspective, in Bracken Biology and Management. J. Thompson and R. T. Smith. Sydney (eds.), pp. 3-19. Australian Institute of
Agricultural Science.
Turner, B. L., II. 1983. Once Beneath the Forest: Prehistoric Terracing in the Río Bec Region of the
Maya Lowlands. Boulder, CO: Westview Press.
Turner, B. L. II and A. M. S. Ali. 1996. Induced intensification: agricultural change in
Bangladesh with implications for Malthus and Boserup, Proceedings of the National Academy
of Science 93: 14984-14991.
Turner II, B.L., Chowdhury, R.R., Foster, D., Geoghegan, J., Keys, E., P. Klepeis, P.,
Lawrence, D., Manson, S., Mendoza, P.M., Ogneva-Himmelberger, Y., Plotkin, A. B.,
Pérez Salicrup, D., Savitsky, B., Schmook, Schneider, L., Vance, C., Cortina Villar, S. 2001.
Deforestation in the southern Yucatan peninsular region: an integrative approach, Forest
Ecology and Management 154: 353-370.
Turner II, B. L., Geoghegan, J., Foster, D. 2004. Three Frontiers of the Southern Yucatán Peninsular Region and SYPR Project, in Integrated Land-Change Science and Tropical
Deforestation in the Southern Yucatán: Final Frontiers. B. L. Turner II, J. Geoghegan and D.
Foster (eds.), Oxford Geographical and Environmental Studies. pp. 1-20. Oxford: Oxford University Press.
Vitousek, P. M., Mooney, H. A., Lubchenco, J., Melillo, J. M. 1997. Human domination of
earth’s ecosystems, Science 277: 494-500.
Vitousek, P. M. 1994. Beyond global warming: ecology and global change, Ecology 75(7):
1861-1876.
Vitkay, K. and D. Pérez-Salicrup. 2001. Effect of Sabal mexicana palms on Pteridium aquilinum Invaded Fields in the Southern Yucatan, in M. J. Wade (ed.), Evolution 2000, Bloomington, IN. CD on Indiana University Conferences.
Whigham, D. F., Olnsted, I., Cano, E.C., Curtis, A. B. 2003. Impacts of hurricanes on
the forest of Quintana Roo, Yucatan Peninsula, Mexico, in The Lowland Maya Area: Three
Millenia at the Human-Willand Interface. A. Gomez-Pompa, M. F. Allen, S. L. Fedick and J. J.
Jimenez-Osornio (eds.), pp. 197-218. New York: The Harworth Press.

