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RESUMEN

Los bosques tropicales estan siendo severamente deforestados y degradados a nivel mundial debido a la
intensificacion de las actividades agricolas y ganaderas, la explotacion de recursos maderables y no
maderables y la expansion e incremento de la poblacion humana; por lo tanto un nimero creciente de
especies y poblaciones estan siendo “forzadas” a habitar en fragmentos pequefios y aislados de bosque.
En estos paisajes fragmentados emergentes, los fragmentos pequefios de bosque pueden ser altamente
valiosos para la conservacion de la biodiversidad. Se prob6 esta hipdtesis evaluando las diferencias en
la diversidad de especies de arboles y la estructura de la vegetacion en 26 fragmentos de bosque
tropical himedo (de 2 a 92 ha) y cuatro areas dentro un bosque continuo en la selva Lacandona,
México. Los fragmentos presentaron comunidades diversas de plantas nativas, incluyendo especies
amenazadas y un nuevo registro para la flora de México. Aunque el nimero de arboles talados
incremento en fragmentos mas pequefios, el tamafio de éstos fue un indicador limitado del area basal
total, de la densidad de arboles, del nimero de especies, géneros y familias, asi como de la
equitatividad de la comunidad. Los fragmentos difirieron altamente en composicion floristica (alta
diversidad beta), independientemente de su tamafio, lo que indica que tienen una contribucion similar a
la diversidad regional de especies. A pesar de las recientes controversias sobre el tema, estos hallazgos
apoyan la idea de que en esta region que alberga un elevado ndmero de especies, un alto grado de
endemismos y que esta siendo intensamente deforestada, los fragmentos pequefios de bosque tropical
himedo son altamente valiosos para la conservacion de la diversidad de especies arboreas y de la
estructura de la vegetacion. Con base en estos resultados, las iniciativas de conservacion nacionales e
internacionales enfocadas exclusivamente en preservar los remanentes de bosque mas grandes
incrementaran las presiones antropogénicas sobre los fragmentos mas pequefios, con consecuencias
negativas para el mantenimiento de la biodiversidad, la conectividad del paisaje y los servicios

ecosistémicos.



ABSTRACT

Tropical forests are being subjected to severe deforestation and degradation worldwide due to
agricultural and cattle ranching intensification, timber and non-timber exploitation, and the expansion
and increase in human population; therefore an increasing number of species and populations are being
‘forced’ to inhabit isolated and small forest patches. In these emerging human-modified landscapes
small forest patches can be highly valuable for biodiversity conservation. This hypothesis was tested by
evaluating differences in tree species diversity and vegetation structure in 26 small forest patches (2 to
92 ha) and four areas within a continuous forest in the Lacandon rainforest, Mexico. These patches
contained diverse communities of native plants, including endangered species and a new record for the
Mexican flora. Although the number of logged trees increased in smaller patches, patch size was a poor
indicator of total basal area, stem, species, genus, and family densities, and community evenness. Yet
patches strongly differed in floristic composition (high B-diversity), independently of patch size,
indicating that patches of different sizes had a similar contribution to the regional species diversity.
Despite recent controversies on the topic, these findings support the idea that in the Lacandon
biodiversity hotspot, small forest patches are highly valuable for the conservation of tree species
diversity and vegetation structure. Based on these results, national and international conservation
initiatives focused exclusively on preserving large forest remnants will increase the anthropogenic
pressures on the small, but highly valuable, forest patches with negative consequences for the

maintenance ~ of  biodiversity, landscape  connectivity  and ecosystem  services.



1. INTRODUCCION

La demanda por tierras para agricultura, ganaderia y asentamientos humanos ha propiciado la
pérdida de grandes areas forestales en todo el mundo (FAO, 2012). Este proceso ha sido méas evidente
en los bosques tropicales (también conocidos en México como selvas tropicales) (FAO, 2012; Gibbs et
al., 2010), particularmente en el Neotrdpico (Aide et al., 2013; Corlett y Primack, 2008). De hecho,
debido al crecimiento de la poblacion humana y a la creciente demanda global de alimentos y
combustibles bajo la tendencia actual de consumo vinculada a sistemas de produccién agropecuaria y
politicas econdmicas, gubernamentales e institucionales débiles y mal enfocadas (Aide et al., 2013;
Butler y Laurance, 2008; Geist y Lambin, 2002; Koh y Lee, 2012), se espera que este proceso de
cambio de uso del suelo no cambie en los proximos afios (Sala et al., 2000). Esta situacion representa
una gran amenaza para la biodiversidad ya que los bosques tropicales resguardan una proporcion
mayoritaria de la diversidad global (Dirzo y Raven, 2003). Al mismo tiempo, la deforestacion de los
bosques tropicales puede amenazar el bienestar humano, ya que se depende en gran medida de los
bienes y servicios que esta gran biodiversidad provee (Diaz et al., 2006).

La deforestacion de los bosques tropicales altera las caracteristicas espaciales de los paisajes. En
particular, la deforestacion suele ir acompafiada de un proceso de fragmentacion, lo que incrementa el
namero de fragmentos de bosque remanente, reduce su tamafio e incrementa su grado de aislamiento
(Fahrig, 2003). La matriz que rodea a estos fragmentos puede ser mas o0 menos heterogénea,
dependiendo del tipo de actividad antropogénica dominante en el paisaje. Por ejemplo, en Suramérica,
el cultivo extensivo (latifundios) de cafia de azucar, soya y pastizales ganaderos, han originado paisajes
dominados por matrices muy homogéneas (e.g., Melo et al., 2013). Sin embargo, los paisajes
Mesoamericanos son tipicamente mas heterogéneos, ya que aqui los latifundios extensos son escasos.

Por ejemplo se estima que el 80% de los bosques mexicanos son propiedad de comunidades locales e



indigenas (Boege, 2009), lo que ha permitido que el uso de la tierra sea mas diverso, con pequefias
parcelas dedicadas a diferentes actividades (e.g., cultivos agroforestales, cultivos anuales, pastizales,
asentamientos humanos) (DeClerck et al., 2010; Harvey et al., 2008). Ademas, se ha observado otro
escenario en donde debido al éxodo de campesinos a la ciudad y al fenémeno migratorio de carécter
interestatal e internacional, muchas de estas parcelas estan siendo abandonadas, lo que ha fomentado la
expansion de bosques secundarios por medio de la regeneracion del bosque en muchas tierras
abandonadas (Aide et al., 2013; CONABIO, 2013; FAO, 2009).

La respuesta de las especies a las alteraciones en las caracteristicas espaciales dentro y entre
paisajes es muy variable. Esta variabilidad depende de las caracteristicas bioldgicas y ecoldgicas de las
especies (Ewers y Didham, 2006; Henle et al., 2004), de la cantidad de habitat remanente (Andrén,
1994; Fahrig, 2013, 2003; Pardini et al., 2010) y del manejo histdrico y contemporaneo del paisaje
(Gardner et al., 2009; Melo et al., 2013). Mientras que algunos trabajos demuestran que en paisajes
fragmentados puede haber una pérdida significativa de la diversidad genética (Keller y Largiader,
2003), filogenética (Santos et al., 2010), funcional (Barragan et al., 2011), taxonémica (Gibbons et al.,
2000; Kruess y Tscharntke, 1994; Owens y Bennett, 2000; Turner, 1996) y de ecosistemas (Hoekstra et
al., 2005; Woodruff, 2001), otros estudios han puesto en duda estos hallazgos, demostrando que una
proporcién mayoritaria de la biodiversidad taxondmica y filogenética puede estar inmersa en paisajes
fragmentados (e.g., Arroyo-Rodriguez et al., 2012, 2009; Castillo-Campos y Laborde, 2004; Guevara et
al., 1994). La poca consistencia en los resultados obtenidos en paisajes fragmentados con diferentes
condiciones y caracteristicas ha dificultado conocer su efectividad relativa para conservar la
biodiversidad. Por otra parte, se ha sugerido que el abandono de tierras va a permitir que la
biodiversidad se recupere en un futuro cercano (Edwards et al., 2011; Lugo, 2013; Mendenhall et al.,
2012; Norden et al., 2009; Turner et al., 1994; Wright y Muller-Landau, 2006). Sin embargo,

evidencias de paisajes severamente deforestados desde hace mas de 200 afios en Brasil sugieren que la



sucesion secundaria puede detenerse, de forma que los fragmentos de bosque abandonados nunca
recuperan la diversidad original de plantas (Melo et al., 2013; Santos et al., 2008; Tabarelli et al.,
2012). Esto puede estar relacionado con el impacto de amenazas cronicas (e.g., tala selectiva, caceria)
que altera la diversidad de plantas y animales, asi como con la eliminacion y alteracién de procesos
ecoldgicos clave (e.g., dispersién de semillas) que pueden limitar el flujo génico dentro y entre
fragmentos y la efectividad en el reclutamiento de plantulas, impactando fuertemente en la
regeneracion de estos ecosistemas (Melo et al., 2013; revisado por Tabarelli et al., 2013; Turner y
Corlett, 1996). Asi, parece que la enorme variabilidad entre paisajes tropicales en las caracteristicas
ecoldgicas, biogeograficas y del régimen e intensidad de disturbios (Chazdon, 2003; Corlett y Primack,
2006; Metz et al., 2008) no han permitido conocer cudl es el valor de los fragmentos de bosque para la
conservacion de las especies en paisajes fragmentados.

Esta cuestion es particularmente importante debido a que las reservas forestales tropicales estan
teniendo poca efectividad para conservar la diversidad y los procesos ecosistémicos (Laurance et al.,
2012). Aunque ha existido un incremento considerable del numero (y superficie) de areas protegidas en
el mundo (Naughton-Treves et al.,, 2005), la cantidad de bosques tropicales protegidos,
aproximadamente una cuarta parte del total mundial (Chape et al., 2005; Nelson y Chomitz, 2011), no
es suficiente para garantizar la conservacion de la enorme biodiversidad que alberga este bioma (e.g.,
Sanchez-Azofeifa et al., 1999). De hecho, recientemente se ha puesto en evidencia que un elevado
numero de reservas forestales tropicales en el mundo estan experimentando un serio proceso de perdida
de diversidad taxondémica y funcional debido al impacto de presiones antropogénicas ejercidas dentro y
fuera de estas reservas (Laurance et al., 2012). Estos hallazgos sugieren que existe una fuerte
interdependencia de la biodiversidad tropical dentro y fuera de las reservas, por lo que el destino de la
biodiversidad dentro de las reservas depende del manejo y conservacion de las especies fuera de las

reservas (Laurance et al., 2012; ver también el programa Man and the Biosphere (MAB)-UNESCO).



Dado que una gran proporcién de la diversidad se encuentra fuera de las reservas (Melo et al., 2013;
Tabarelli et al., 2013), es necesario identificar y posteriormente proteger areas con gran valor de
conservacion fuera de ellas (también ver Chazdon et al., 2009). Es bajo este contexto que resulta
crucial evaluar la capacidad de los fragmentos de bosque tropical para mantener diversidad de especies
y estructura de la vegetacion, particularmente en regiones tropicales que resguarden mayor diversidad
(Turner y Corlett, 1996).

La pérdida y fragmentacion del hébitat no sélo tiene efectos negativos en la diversidad de
especies ya que también puede afectar la estructura de las comunidades al alterar la dindmica de
distintos procesos ecoldgicos (Laurance, 2002). Estudios realizados con plantas tropicales en
fragmentos dentro de un paisaje experimentalmente fragmentado han reportado incrementos en la
mortalidad de &rboles (Laurance et al., 2000), apertura de claros en el dosel (Laurance et al., 1998a),
recambio de especies (Laurance et al., 2006), reclutamiento de individuos (Laurance et al., 1998b) y
reducciones en biomasa (Laurance et al., 1998c) y densidad de plantulas (Benitez-Malvido, 1998) que
producen modificaciones en el nimero de especies, composicién y estructura de la vegetacion. De
hecho, la alteracion de estos procesos podria ser mas aguda en fragmentos pequefios de habitat, ya que
a diferencia de grandes remanentes, éstos son mas vulnerables a eventos de estocasticidad ambiental,
e.g., perturbacion por huracanes e incendios (Laurance y Curran, 2008), cambios microcliméaticos
acentuados por los efectos de borde (Laurance, 1991), invasion de especies de plantas provenientes de
elementos de la matriz adyacentes (Janzen, 1983) y a disturbios ocasionados por actividades humanas
como la caceria (Chiarello, 1999) y tala selectiva (Ferraz et al., 2005).

La selva Lacandona, en el estado de Chiapas, es uno de los mayores remanentes de bosque
tropical himedo de México (Ramirez, 2011). Esta region también abarca partes de Guatemala y Belice,
por lo que estd catalogada como uno de los remanentes de bosque humedo mas importantes en

Mesoamérica (Mendoza y Dirzo, 1999). Ademas, la selva Lacandona desempefia un papel muy



importante ya que cumple la funcién de corredor bioldgico al facilitar el movimiento, dispersion y
migracion de especies a través de Centroamérica y México (Arriaga et al., 2000). Aungue en México la
selva Lacandona sélo representa el 0.6% de la extension territorial (Arriaga et al., 2000), esta region
alberga una enorme proporcién de la diversidad de especies de plantas y animales del pais (Martinez et
al., 1994; Medellin, 1994). Por ejemplo, se ha documentado la presencia de 3400 especies de plantas
vasculares y se estima que la riqueza total de especies podria ser considerablemente mayor (Martinez et
al., 1994). No obstante, tal diversidad de especies se ha visto amenazada debido a los procesos de
deforestacion y fragmentacion conducidos principalmente por las actividades de cambio de uso de
suelo en la region (Mendoza y Dirzo, 1999). Con la finalidad de proteger a la selva Lacandona el
gobierno mexicano decretd el establecimiento de la Reserva de la Biosfera Montes Azules, la cual
representa y protege el remanente de bosque mas grande en la region.

A pesar de que varios estudios han descrito la composicion y estructura de la vegetacion en la
selva Lacandona (Martinez et al., 1994; Meave et al., 2008) y en la region de Marqués de Comillas (el
area de estudio) (Ibarra-Manriquez y Martinez-Ramos, 2002; van Breugel et al., 2006), estos han sido
realizados en fragmentos de vegetacion secundaria y dentro de la Estacion Bioldgica Chajul (un area de
bosque continuo bien preservada). Por lo tanto, el presente estudio es el primero en analizar la
diversidad de especies y estructura de la vegetacion en un gran nimero de fragmentos de vegetacion
primaria de diferentes tamafios distribuidos a lo largo de toda la region de Marqués de Comillas con el

propdsito de determinar su valor de conservacion para la diversidad regional de especies.



2. OBJETIVOS

Obijetivo general

Evaluar la importancia de los fragmentos pequefios de bosque tropical humedo para la
conservacion de la diversidad de &rboles y la estructura de la vegetacion en la selva Lacandona,

Chiapas, México.

Obijetivos particulares

1. Determinar si la diversidad de especies y la estructura de la vegetacién estan relacionadas con el
tamario del fragmento.
2. Examinar la contribucion relativa de los fragmentos de bosque pequefios a la diversidad regional

de especies arbdreas.



3. HIPOTESIS Y PREDICCIONES

La hipotesis propuesta en este estudio establece que los fragmentos pequefios de bosque son muy

valiosos para la conservacion de la diversidad y la estructura de la vegetacién debido a que:

1. La pérdiday fragmentacion del bosque tropical himedo de la region de Marqués de Comillas (area
de estudio) son eventos relativamente recientes, aprox. 40 afos (Aguilar y Mora, 1992), y la
longevidad de la mayoria de los arboles en este ecosistema supera los 40 afios (Laurance et al.,

2004).

2. El porcentaje de cobertura forestal remanente en Marqués de Comillas es relativamente alto
(aproximadamente 40%), comparado con los umbrales de cobertura forestal por debajo de los
cuales se han reportado cambios bruscos en poblaciones y comunidades (< 30% de cobertura
forestal: Andrén, 1994; Bascompte y Solé, 1996; Fahrig, 2003; < 11% Arroyo-Rodriguez et al.,

2009).

3. La matriz que rodea a los fragmentos de bosque en el area de estudio es muy heterogénea (i.e.,
mantiene diferentes tipos de cultivo, bosques secundarios en diferentes etapas de regeneracion,
pastizales, asentamientos humanos), y existen evidencias que indican que el mantenimiento de
matrices heterogeneas puede favorecer la persistencia de la diversidad al favorecer el movimiento
de individuos y la disponibilidad de recursos (Fahrig et al., 2011; Harvey et al., 2006). Ademas, los
efectos de borde pueden ser menores cuando la estructura y composicion de la matriz es mas

similar al habitat original (Murcia, 1995).



4. Finalmente, la regién ain mantiene la mayoria de la fauna original (i.e., no ha experimentado un
proceso de defaunacion severo) (Garmendia et al., 2013; Naranjo y Bodmer, 2007), lo que puede
favorecer la persistencia de procesos ecoldgicos clave para el mantenimiento de la diversidad de
plantas (e.g., herbivoria, polinizacion, dispersion y depredacion de semillas) (Beck et al., 2013;

Dirzo y Miranda, 1991; Stoner et al., 2007).

Por todo lo anterior se espera que los fragmentos de bosque pequefios sean muy valiosos para la
conservacion de la diversidad y la estructura de la vegetacion. Esto implica que: (1) las correlaciones
entre el tamafio del fragmento y la diversidad de especies y la estructura de la vegetacion seran débiles;
(2) la similitud en la composicion de especies entre fragmentos serd baja (i.e., no habra ocurrido un
proceso de homogenizacion bidtica; Tabarelli et al., 2012); y (3) fragmentos grandes y pequefios

acumularan un namero similar de especies.
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5. SMALL RAINFOREST PATCHES ARE HIGHLY VALUABLE FOR THE
CONSERVATION OF TREE DIVERSITY AND VEGETATION STRUCTURE IN A
BIODIVERSITY HOTSPOT

Manuel A. Hernandez-Ruedas, Victor Arroyo-Rodriguez, Jorge A. Meave, Miguel Martinez-Ramos,
Guillermo lbarra-Manriquez, Esteban Martinez, Gilberto Jamangapé, Felipe P. L. Melo, Braulio A.

Santos

» Manuscrito en revision (PLoS ONE)

5.1. Introduction

Approximately 83% of earth’s land surface has been altered by human action (Sanderson et al.,
2002), leading to the rapid destruction and modification of terrestrial ecosystems. In the tropics, habitat
loss and degradation actually represent the major drivers of biodiversity loss (Laurance, 2013; Pimm
and Raven, 2000). Although declines in genetic (Struebig et al., 2011), phylogenetic (Santos et al.,
2010), and species diversities (Turner, 1996) have been documented in human-modified tropical
landscapes, the effectiveness of these landscapes in retaining large subsets of biodiversity and forest
structure is still controversial (Chazdon et al., 2009; Gardner et al., 2009; Melo et al., 2013; Turner and
Corlett, 1996).

Controversy may arise from cross-continental differences in biogeography, disturbance regimes,
and ecological interactions that together determine the tolerance of tropical biota to landscape
modifications (Calderon-Aguilera et al., 2012; Corlett and Primack, 2006; Melo et al., 2013). At local
spatial scale, the value of old-growth forest patches for the conservation of species diversity in
fragmented landscapes depends on the landscape spatial context (e.g., total forest cover, connectivity,

total forest edge, matrix characteristics, age, and historic use of the landscape), as well as on patch
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attributes such as size, shape, and isolation (Arroyo-Rodriguez et al., 2009; Ewers and Didham, 2006;
Fahrig, 2003).

Different theoretical approaches have emphasized the importance of preserving larger habitat
remnants because species richness is expected to be higher than in smaller remnants (MacArthur and
Wilson, 1967) or because metapopulation persistence tends to increase with patch size (Hanski, 1999).
However, a recent global assessment of protected areas from world’s major tropical forest regions
reveals that most such areas are experiencing erosion of taxonomic and functional biodiversity,
independently of their size (Laurance et al., 2012). In fact, a growing number of studies have
questioned the importance of patch size as the main predictor of species richness, suggesting that both
large and small patches can maintain similar numbers of species (Pardini et al., 2010; Prugh et al.,
2008).

Studies with tropical plants have reported increased tree mortality rates near forest patch edges
(Laurance et al., 2000, 1997), particularly among shade-tolerant species (Laurance et al., 2006; Santos
et al., 2008). This process may result in declines in density and/or diversity of tree species in smaller
forest patches (Silva and Tabarelli, 2000; Tabarelli et al., 2012), particularly near forest edges
(Laurance et al., 2006; Santos et al., 2008). Logging and tree mortality can alter vegetation structure, as
they usually lead to the collapse of tree biomass and the increment in stem density, particularly for
pioneer tree species (Broadbent et al.,, 2008; Laurance et al., 2006). However, under certain
circumstances (e.g., in recently fragmented landscapes with lower deforestation levels), small and large
forest patches can maintain similar tree species diversities (Arroyo-Rodriguez et al., 2012, 2009). It is
therefore necessary to conduct more studies to assess the importance of small patches for the
conservation of tree species diversity and vegetation structure in different landscapes and regions,
particularly within tropical biodiversity hotspots (Arroyo-Rodriguez et al., 2009; Melo et al., 2013;

Turner and Corlett, 1996).
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The Mesoamerican region is considered among the most important tropical biodiversity hotspots
because of their high number of species and high rates of deforestation (Myers et al., 2000). The
Lacandon rainforest contributes greatly to the floristic diversity of Mesoamerica, especially the
Mexican portion of this forest, in which ca. 3000 vascular plant species have been recorded (Martinez
et al., 1994). Furthermore, new plant species are constantly described and added to the Lacandon’s
flora (e.g., Ibarra-Manriquez et al., 2012; Ramirez-Roa and Martinez, 2011; Santos et al., 2009;
Schutzman and Vovides, 1998). Unfortunately, the rapid loss and fragmentation of this forest
(Mendoza and Dirzo, 1999) are seriously threatening this extraordinary biodiversity.

Several studies have described the composition and vegetation structure of the Mexican
Lacandon rainforest (Ibarra-Manriquez and Martinez-Ramos, 2002; Martinez et al., 1994; Meave et al.,
2008; van Breugel et al., 2006); however, most of them have been carried out in regenerating forest
patches or within the Chajul Biological Station; an area of well-preserved continuous forest. In this
paper we assess the value of small old-growth forest patches (< 100 ha) for the maintenance of tree
diversity and vegetation structure in the region. Specifically, we first evaluate whether tree species
diversity and vegetation structure were related to patch size. Then, we examine the relative contribution
of small forest patches to regional diversity.

Theoretical and empirical evidences indicate that the value of small patches for biodiversity
conservation in human-modified landscapes is higher in recently fragmented landscapes (e.g., Melo et
al., 2013), with higher remaining forest cover (Arroyo-Rodriguez et al., 2009; Fahrig, 2003; Pardini et
al., 2010), and embedded in a heterogeneous landscape matrix (Ewers and Didham, 2006; Fahrig et al.,
2011). The maintenance of biodiversity is also dependent on the ‘health’ of food webs (Gardner et al.,
2009). Thus, because deforestation in the Marqués de Comillas region (our study area) is a relatively
recent event (< 40 years ago), the remaining forest cover is relatively high (ca. 40%; Fig. 1), the matrix

that surrounds the forest patches is very heterogeneous (see Methods), and the region still maintains
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their original fauna (i.e., the region has not experienced a significant defaunation process; Garmendia et
al., 2013), we hypothesized that small rainforest patches would be highly valuable for the conservation
of tree diversity and vegetation structure. This hypothesis implies weak correlations between patch size

and vegetation attributes, and a very high contribution of small forest patches to regional diversity.

5.2. Materials and methods
5.2.1. Study area

The Lacandon rainforest comprises parts of Belize, Guatemala, and Mexico, and represents one
of the largest areas of tropical rainforest (ca. 800 000 ha) in Mesoamerica (Arriaga et al., 2000). The
study was carried out in the Mexican portion of the Lacandon rainforest, in southern Chiapas, Mexico
(16°04'-16°21'N, 90°40’-91°06'W; Fig. 1). The climate is warm and humid, with a mean annual
temperature of 24.1 °C and average annual rainfall of 2875 mm. Rainfall is strongly concentrated in
June-September (range: 406-585 mm/mo). Elevation ranges from 100 to 200 m a.s.l., although in the
southwestern part some elevations rise to 400 m.

In 1978, the Mexican government created the Montes Azules Biosphere Reserve (MABR),
encompassing 331 200 ha of continuous and well-preserved forest. Outside this reserve, the Marqués
de Comillas Subregion (MCS) encompasses 203 999 ha of disturbed forests and human settlements.
The dominant vegetation types in both regions are semi-deciduous tropical rainforest and lowland
tropical rainforest (Martinez, 2003; Martinez et al., 1994). During the 1970s, the MCS suffered a
colonization process by a multicultural population (Aguilar and Mora, 1992), and it has been largely
deforested since, especially between 1984 and 1986 (Martinez, 2003), owing to national policies that
promoted agroforestry, agriculture, and cattle ranching. The main cause of the massive deforestation in
the MCS was the so-called ‘Plan Piloto Forestal de Marqués de Comillas’, resulting in tree down-

cutting in 30% of the area during 1998 and 1999 (Martinez, 2003). Nowadays, approximately 40% of
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Figure 1. (A) Map of Mesoamerica hotspot of biodiversity, showing (B) the Montes Azules Biosphere Reserve and Marqués de Comillas Subregion.
Location of study site in Lacandon rainforest, Southern Mexico (C), showing the 26 forest patches in the fragmented landscape of Marqués de Comillas
Subregion and four reference areas within the continuous forest of Montes Azules Biosphere Reserve.
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old-growth forest cover remains as remnant patches of variable sizes (from 0.5-1500 ha) embedded in a
heterogeneous matrix of secondary forests, human settlements, cattle pastures, and crop fields.

The study was conducted in two adjacent areas separated by the Lacantin River: the continuous
forest of MABR and the fragmented forest of MCS (Fig. 1). In the MCS, we selected 26 isolated old-
growth forest patches (ranging from 2 to 92 ha). The forest patches were selected according to the
following criteria: (1) they represented discrete forest masses separated by other land uses (mainly
cattle pastures and crop fields); (2) they were separated from each other as much as possible to increase
independence among them; and (3) they were all located between 100 and 250 m a.s.l. to avoid changes
in vegetation associated with altitudinal gradients (Martinez-Ramos, 2006). The size of all forest
patches was calculated using recent SPOT-5 satellite images (acquired on March 2011) and Quantum
GIS 1.7.4. (Quantum GIS Development Team, 2012). In addition, we selected four buffer areas of 100
ha within the continuous forest of MABR as reference sites (i.e., 100% of old-growth forest cover),
which were spaced 4 km apart (on average) and at least 1 km from the nearest edge of the Lacantln

River (Fig. 1).

5.2.2. Vegetation sampling

We used a modification of Gentry’s (1982) protocol to sample vegetation in the 30 study sites.
The modification consisted in recording only tree species (including palms but excluding lianas) with a
diameter at breast height (dbh) > 2.5 ¢cm in ten 50 x 2-m transects randomly located at each site (i.e.,
0.1 ha per site). Plant specimens not identified in the field were collected for their identification at the
National Herbarium of Mexico (MEXU, UNAM, Mexico City). Species names followed the Missouri
Botanical Garden electronic database (Tropicos, 2013). To assess differences among sites in tree

mortality and logging, we also recorded the number of dead and logged trees within transects.
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5.2.3. Data analyses

We summed up the data of the 10 transects from each site and considered the sites as independent
samples for the following analyses (see Arroyo-Rodriguez et al., 2009). In particular, we recorded the
number of families, genera, species, stems, and dead and logged trees within each site. We also
estimated the total basal area by summing the basal area of all stems (assuming the stem cross-section
area as a circle). To assess the inventory completeness within each site, we employed the coverage

estimator suggested by Chao and Jost (2012), which is a less biased estimator of sample completeness:

C.Anzl_ﬁ[ (n_l)fl l
n [(
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where f; and f, are the number of singletons and doubletons in the sample, respectively, and n is the
number of individuals. Because the mean (£ SD) sample coverage per site was 88 + 3%, we assumed
that our sampling was accurate with our sampling effort (Chao and Jost, 2012). However, to control for
differences in sample coverage among sites, we based our analyses on the density of species, genera,
and families (i.e., numbers per 0.1 ha).

We also assessed changes in community evenness among sites using the evenness factor (EF)
proposed by Jost (2010): EF = 2D/S, where 2D is the inverse Simpson concentration (interpreted as the
number of dominant species in the community; Chao et al., 2012) and S is the total number of species
in the sample. This index ranges between 1 (when all species are equally common) and nearly 1/S
(when the community is totally dominated by one species; Jost, 2010). Roughly speaking, EF can be
interpreted as the proportion of dominant species in the community (Jost, 2010).

To test whether tree species diversity and vegetation structure were related to patch size, we
performed linear regression models between patch size (logio-transformed), taken as the independent
variable, and all vegetation attributes (i.e., density of species, genera, families, stems, and dead and
logged trees, total basal area, and EF per site), taken as response variables. Reference sites were

included in the models assuming that they covered 100 ha. To evaluate the changes in species
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composition across sites, we estimated two measures of compositional similarity, the Jaccard index
based on the presence and absence of each species, and the abundance-based Bray-Curtis index. Hence,
we performed a non-metric multidimensional scaling (NMDS) using the Bray-Curtis index to assess
the overall differences in species composition among sites. We also used Mantel tests to assess whether
variations in floristic composition between sites (Bray-Curtis index) were related to patch location (i.e.,
log-transformed inter-site isolation distances) and/or to differences between sites in size. P-values were
calculated using the distribution of the R coefficients obtained from 10 000 permutations.

Finally, to assess the contribution of small forest patches to regional diversity, we used
cumulative species-area curves. The sites were ordered based on their area from small to large, and
then from large to small (Quinn and Harrison, 1988). Following Arroyo-Rodriguez et al. (2009) and
Fischer and Lindenmayer (2002), we plotted the cumulative number of species versus the number of
sites added to compare the cumulative observed number of species in the small to large and large to
small curves. To evaluate the effect of habitat subdivision on tree species diversity, we calculated the
Saturation Index (SI) of Quinn and Harrison (1988) using the procedure used by Cook (1995). The
index ranges from -1 to +1, where positive values indicate that collections of small forest patches
contain more species than fewer larger patches with the same sample intensity, and negative values

indicate the opposite.

5.3. Results

We recorded 6222 trees from 55 families, 144 genera, and 228 species (including 24
morphospecies) in a total area of 3 ha (online Appendix Table S1). The average (+ SD) number of
families per site (0.1 ha) was 28 £ 5 (ranging from 18 to 35 families). The mean number of genera was
50 £ 9 per 0.1 ha (ranging from 26 to 64 genera) and the mean number of species was 59 + 12 per 0.1

ha (ranging from 31 to 76 species). Stem density averaged 207 + 34 stems/0.1 ha (ranging from 140 to
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279 stems). The average number of dead and logged trees were 15 + 6 (ranging from 7 to 28 trees) and
4 + 4 (ranging from 0 to 15 trees) per 0.1 ha, respectively. Total basal area was 101.4 m?/3 ha,
averaging 3.4 £ 0.87 m2/0.1 ha (ranging from 1.98 to 5.54 m?). Finally, the evenness factor averaged
0.29 ranging from 0.13 to 0.63 (Table 1).

Overall, the four largest families in the region were Fabaceae (27 species), Rubiaceae (13),
Malvaceae (11), and Moraceae (10), which combined accounted for 30% of all species recorded. In
contrast, 25 families (46%) were represented by only one species. Acanthaceae, Asteraceae,
Cannabaceae, Malpighiaceae, and Nyctaginaceae (9% of all families) were recorded in only one forest
patch, and Passifloraceae (2%) was exclusive to a single continuous forest area. The most diverse
genus was Piper (Piperaceae) with six species, whereas 106 genera (75%) were represented by a single
species. Moreover, 36 species (16% of all species) were singletons (i.e., represented by a single
individual) distributed in 18 study sites (Table S1).

All species were native to the region. Eleven out of the 204 species (5%) are classified within a
risk category by the Mexican government: Bactris major, listed as species subjected to special
protection; Astronium graveolens, Bravaisia integerrima, Calophyllum brasiliense, Cryosophila
stauracantha, Geonoma interrupta, Guatteria anomala, Magnolia mexicana, and Spondias radlkoferi,
listed as threatened species; and Ormosia isthmensis and Vatairea lundellii, listed as endangered
species (SEMARNAT, 2010). All these species were recorded in forest patches (Table S1).
Furthermore, we reported for the first time the occurrence of Ouratea crassinervia Engl. (Ochnaceae)
for the Mexican flora (see online Appendix 1). This species was recorded in two areas within the
continuous forest and in two forest patches (Table S1).

Analyzing the full set of sites (n = 30), there were no significant relationships between patch size
and vegetation attributes: density of families (R? -0.04, P = 0.92), genera (R? =-0.02, P = 0.47), species

(R2 < 0.00, P =0.28), stems (R2 = -0.02, P = 0.50), and dead trees (Rz < 0.00, P = 0.28), basal area
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Table 1. Vegetation attributes in 26 forest patches (FP) and 4 reference sites within a continuous forest (CF) sampled in the southeastern portion of the
fragmented Lacandon rainforest, Mexico.

Vegetation characteristics*

Sites Size (ha) # families  #genera  # species # stems # dead trees  # logged trees BA (m?) EF
FP1 2.4 34 56 65 260 18 15 3.00 0.39
FP2 2.8 18 33 38 168 13 4 3.67 0.35
FP3 4.8 26 32 36 209 16 0 3.93 0.37
FP4 5.7 26 51 58 197 12 4 2.57 0.42
FP5 6 33 55 67 228 21 3 3.40 0.47
FP6 12.7 27 49 58 185 13 10 2.79 0.50
FP7 12.7 29 59 72 193 17 5 4.35 0.54
FP8 14.5 27 51 58 214 22 2 3.84 0.56
FP9 18 22 36 43 140 7 7 3.36 0.17
FP10 20.3 31 50 66 231 9 5 2.70 0.50
FP11 20.6 35 57 68 216 28 7 2.67 0.55
FP12 22.4 32 54 62 192 19 3 431 0.39
FP13 28.1 35 59 68 199 12 5 4.15 0.52
FP14 33 19 26 31 174 10 2 4.84 0.29
FP15 33.2 34 61 76 237 24 0 1.98 0.54
FP16 33.2 29 46 55 206 9 3 2.65 0.33
FP17 33.4 26 47 59 165 13 0 3.57 0.41
FP18 37.8 28 51 59 151 10 4 2.95 0.63
FP19 37.8 35 64 75 239 18 0 2.48 0.27
FP20 42.3 29 57 69 209 11 6 3.54 0.47
FP21 51.3 22 43 47 154 8 7 2.57 0.59
FP22 62.9 33 49 64 229 28 10 3.85 0.41
FP23 65.5 25 53 63 238 10 1 5.11 0.36
FP24 72.1 29 48 60 255 8 1 3.32 0.23
FP25 75.9 28 51 58 233 17 1 3.02 0.44
FP26 91.9 24 45 52 279 14 0 2.29 0.13
CF1 100 30 61 74 198 11 1 2.14 0.39
CF2 100 25 38 51 228 11 1 3.40 0.18
CF3 100 33 57 70 212 17 0 5.54 0.50
CF4 100 24 46 55 183 8 0 3.36 0.25
Total 55 144 228 6222 434 107 101.37 0.29
Mean + SD 28 +4.7 50£9.2 59+115 207335 15+5.8 4+37 3.38 £ 0.87 0.41+£0.13

*The number of families, genera, species, stems, dead trees, and logged trees are indicated, as well as basal area (BA m?) and the evenness factor (EF) estimated

for ten 50 x 2-m transects (0.1 ha) per site. Sites are arranged in order of increasing size.
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(Rz2 =-0.04, P = 0.91) and evenness factor (R2 = 0.01, P = 0.26). Only the density of logged trees was
negatively correlated with patch size (R? = 0.18, P = 0.01). Based on the presence and absence of
species within the sites (Jaccard index), we found that on average they shared 27 + 9% species (mean +
SD), indicating a high species turnover among sites. Considering the abundance of individuals, the
NMDS ordination showed a large variation in species composition among sites, and this variation was
not related to patch size (Fig. 2). Furthermore, the Mantel tests revealed a non-significant correlation
between floristic similarity and differences in size among sites (r =-0.03, P = 0.5), and a significant but

very weak correlation between floristic similarity and geographic distances among sites (r = 0.15, P =

0.004).
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Figure 2. Non-metric multidimensional scaling ordination of tree species across each site sampled in the
fragmented Lacandon rainforest, Mexico. Dot size is directly proportional to site size. CF = continuous forest.
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The cumulative species-area curves displayed similar patterns of species accumulation in both
treatments, either from small to large and large to small (Fig. 3). The difference between the integrals
of both curves showed a slightly negative Saturation Index (SI = -0.003), indicating that regardless of
whether small or large patches were added first, the resulting species accumulation curves were

indistinguishable.
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Figure 3. Cumulative number of species sampled in 0.1 per site versus the number of patches added. Patches
were added from small to large or large to small, respectively, and then corresponding cumulative species counts
were obtained. The value of Saturation Index is also indicated.
5.4. Discussion
5.4.1. The conservation value of small forest patches

Our analyses indicate that small forest patches (< 100 ha) in the fragmented Lacandon rainforest

are highly valuable for the conservation of tree species diversity and vegetation structure. First, these

patches maintained diverse communities of native tree species, including endangered taxa and new
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records for the Mexican flora (also see Ibarra-Manriquez et al., 2012; Santos et al., 2009; Schutzman
and Vovides, 1998). Furthermore, 34 species (15%) are used by the Lacandon people for food and
other activities (Nations and Nigh, 1980). Second, patch size was a poor indicator of tree species
diversity and vegetation structure, indicating that even the smallest forest patches were highly similar
to continuous forest sites in terms of total basal area, stem, species, genus, and family densities, and
community evenness. Finally, each patch conserved a particular floristic composition (i.e., high B-
diversity among sites), which was not determined by differences in patch size. Thus, the preservation of
both small and large patches is necessary for conserving regional plant species diversity.

These findings concur with several studies that have documented the importance of small forest
patches for biodiversity conservation (e.g., Arroyo-Rodriguez et al., 2009; Fischer and Lindenmayer,
2002; Kellman et al., 1996; Santos et al., 2007; Turner and Corlett, 1996). In fact, these patches can
also maintain high levels of tree phylogenetic diversity (Arroyo-Rodriguez et al., 2012; Santos et al.,
2010), suggesting that ecosystem function and stability can also be maintained (Cavender-Bares et al.,
2009). The conservation of a vegetation structure similar to that found in the largest forest remnants
can also be crucial in providing suitable environmental conditions required by many closed-canopy
forest animal groups such as mammals (Garmendia et al., 2013), birds (Watson et al., 2004), insects
(Navarrete and Halffter, 2008), and amphibians and reptiles (Urbina-Cardona et al., 2006). For
example, the occurrence of howler monkeys (Alouatta palliata) in very small (< 10 ha) forest patches
at Los Tuxtlas, Mexico, is limited to the patches with higher density of large trees and larger basal area
(Arroyo-Rodriguez et al., 2007). In the Yucatan Peninsula, Mexico, the distribution of many mammal
species is also positively associated with tree basal area (Urquiza-Haas et al., 2009). The preservation
of these animal species can be critical for maintaining key ecological processes such as seed dispersal,

seed predation, and pollination (Turner and Corlett, 1996).
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The importance of small patches goes beyond their values as species reservoirs, as they can also
act as buffer zones in which some management practices can be allowed, reducing the pressure over the
largest patches. This has been actually recommended as a conservation strategy to mitigate the impact
of human activities within large tropical protected areas (Laurance et al., 2012). Even the smallest
patches can also contribute to landscape connectivity, because a set of several small patches distributed
across the landscape may serve as stepping stones, increasing the connectivity among patches and
enhancing inter-patch animal and plant dispersal (Ranta et al., 1998). For example, in the fragmented
region of Los Tuxtlas, Mexico, forest patches can provide roosting sites, food resources, and refuge for
many species of birds and mammals during their movement across the landscape (Estrada et al., 1994;
Estrada and Coates-Estrada, 2002). In addition, the maintenance of small patches in the landscape has
positive effects on key ecosystem services such as pollination and seed dispersal by animals (Bodin et

al., 2006; Tewksbury et al., 2002).

5.4.2. Controversy on the effectiveness of fragmented landscapes in retaining biodiversity

Our findings contrast with studies carried out in other fragmented tropical landscapes. For
example, several studies from South American fragmented rainforests indicate that many tree species
can disappear from small forest patches surrounded by pastures or sugarcane fields, particularly those
with large seeds, emergent and/or shade tolerant (Laurance et al., 2006; Santos et al., 2008; Silva and
Tabarelli, 2000; Tabarelli et al., 2012). This local plant extirpation has been mainly related to edge
effects, i.e., to altered biotic and abiotic conditions near forest edges (e.g., Laurance et al., 2006; Santos
et al., 2008). Several studies have reported that a number of disturbance-adapted native species (e.g.,
short- and long-lived light-demanding species) can dominate plant communities in fragmented forests

with pronounced edge effects (Janzen, 1983; Laurance et al., 2006; Santos et al., 2012), reducing
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community evenness and contributing to increased levels of floristic homogenization (i.e., reduced p-
diversity) across multiple spatial scales (L6bo et al., 2011; Tabarelli et al., 2012).

These contrasting findings may be related to the fact that the maintenance of species in forest
patches largely depends on the landscape spatial pattern (Melo et al., 2013). For example, several
studies have demonstrated that species extirpation in smaller forest patches is only evident below a
given threshold of landscape forest cover (e.g., < 11%, Arroyo-Rodriguez et al., 2009; < 10-30%:
Andrén, 1994; < 20%: Fahrig, 1998), and our study region has a notably greater remaining forest cover
(ca. 40%). Thus, immigration rates are probably high across the landscape because of the close
proximity among patches, allowing for enough flow to maintain populations in small and large patches,
and for quick recovery from local species losses, i.e., high ecological resilience (Pardini et al., 2010).
Also, the availability of large patches in the region (> 500 ha in many cases) may allow the
maintenance of large populations, which are expected to have a lower probability of extinction (Fischer
and Lindenmayer, 2007; Hanski, 1999) and can help to maintain source-sink dynamics (Dunning et al.,
1992).

The ability of small forest patches to maintain biodiversity also depends on the landscape matrix
(Ewers and Didham, 2006; Fahrig et al., 2011; Melo et al., 2013), as edge effects largely depend on the
type of matrix that surrounds forest patches (Mesquita et al., 1999; Murcia, 1995). In contrast to South
American fragmented landscapes that are dominated by agricultural matrices of intensive uses (e.g.,
pastures and monocultures), in the Lacandon rainforest the matrix is highly heterogeneous, with
patches of cattle pastures, secondary forests in various successional stages, agricultural lands (e.g., tree
crops, corn, beans, oil palm, rubber) and human settlements. This kind of matrix can reduce negative
edge effects (Murcia, 1995), as it is more permeable, increasing landscape connectivity, biodiversity
persistence and recovery in fragmented tropical landscapes (Fischer et al., 2011; Melo et al., 2013;

Perfecto et al., 2009). In this sense, the increase in tree mortality rates reported in forest patches has

30



been mainly related to edge effects, i.e., to the changes in environmental conditions near forest edges
(Laurance et al., 1997, 2000; Mesquita et al., 1999). However, in fragmented landscapes with a
relatively high forest cover and a heterogeneous matrix we may expect such environmental changes to
be attenuated (Mesquita et al., 1999; Pinto et al., 2010). Thus, these processes, in conjunction with the
fact that many tropical trees are long-lived (Martinez-Ramos and Alvarez-Buylla, 1998), can contribute
to prevent tree mortality and maintain the overall patterns of vegetation structure even in the smallest

patches, at least in the short-term.

5.4.3. Conclusions and future directions

This paper documents that small forest patches are highly valuable for the conservation of tree
species diversity and vegetation structure in the Lacandon rainforest. This means that a half century of
human occupancy in the region has not resulted in significant changes in tree assemblages within small
forest patches. Unfortunately, the long-term existence of these patches is uncertain, as the focus of
national and international conservation efforts has been to safeguard the largest forest remnants. In
particular, economic mechanisms and incentives such as the payments for ecosystem services (PES)
have been increasingly implemented as a promissory conservation approach in this and many other
Mexican forests (CONAFOR, 2010). Yet in the Lacandon region, the recently created ‘Programa
Especial Selva Lacandona 2013 (CONAFOR, 2013) only offers economic benefits (ca. 77
US$/ha/year) to landowners and local communities (ejidos) that are preserving > 25 ha of forest. Below
this area, local people cannot apply to this program, limiting the economic and ecological value of
small forest patches.

This situation will obviously increase the anthropogenic pressures on these small, but highly
valuable forest patches. For example, as we found in this study, logging can increase in smaller

patches. Also, there is an increasing promotion of the production of oil palm (Elaeis guineensis)
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plantations in the region through the strategic project ‘Trépico Himedo’ (SAGARPA, 2013). Only in
the Marqués de Comillas region, 1384 ha have been devoted to the production of oil palm (SIAP, 2011)
and the expansion and intensification of this crop in the region has increased in recent years. Thus, one
may reasonably predict that human pressure and forest degradation will increase within many small
forest patches in the coming years.

Nonetheless, we are not arguing that funding and other conservation efforts of larger forest
patches should be re-directed towards smaller ones. The great value of large blocks of original
ecosystem for conservation is incontrovertible, but what is quite questionable is the exclusion of
smaller forest patches from conservation initiatives. In the tropical rainforest of Mexico, either in the
Gulf of Mexico or in the Lacandon region, not protecting smaller forest patches is a waste of
biodiversity. We stress that future conservation and management initiatives should consider the
importance of protecting both small- and large-sized forest patches (Arroyo-Rodriguez et al., 2012,

2009).
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5.6. Supporting information

5.6.1. Appendix 1, novelty for the Lacandon rainforest flora, Chiapas, Mexico

Ouratea crassinervia Engl. (Ochnaceae)

Trees or shrubs that are characterized by its largest leaf blades chartaceous (30-54 x 6.5-13.5
cm), dull above, oblanceolate, subauriculate at the base and the marginserrulate towards the acuminate
apex. This species is well known from primary and secondary forests in Nicaragua, Costa Rica,
Panama and Brazil, and until now it had not been recorded for Mexico (Whitefoord 2011). Up to now,
seven species of the genus Ouratea had been recognized for the Mesoamerican flora in Mexico of
which only three species occurred in the Lacandon region (Martinez et al. 1994; Whitefoord 2011).
However, we recorded O. crassinervia in four sites of old-growth tropical rainforest in Mexico near the
border with Guatemala. The voucher collection was deposited at the National Herbarium of Mexico
(MEXU), Instituto de Biologia, Universidad Nacional Auténoma de México, with the voucher

numbers: MEXU-1360766, MEXU-1360767.
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5.6.2. Tree species list, Lacandon rainforest, Chiapas, Mexico

Table S1 Check list of the tree species recorded in 26 forest patches and 4 reference sites within a continuous
forest located in the Lacandon rainforest, Chiapas, Mexico. Plant names followed the Missouri Botanical Garden
electronic database (Tropicos) available at http://www.tropicos.org. Abundance and proportion of occupied
forest patches (FP) and continuous forest (CF) sites by each species are also indicated.

Family Species CF FP Total
Acanthaceae Bravaisia integerrima (Spreng.) Standl.* - 7 (0.04) 7
Anacardiaceae Astronium graveolens Jacg.* 1(0.25) 16(0.31) 17
Mosquitoxylum jamaicense Krug & Urb. - 1(0.04) 1
Spondias mombin L. 1(0.25) 8(0.15) 9
Spondias radlkoferi Donn. Sm.* 5(0.75) 64 (0.69) 69
Annonaceae Annona scleroderma Saff. 2(0.25) 2(0.08) 4
Cymbopetalum mayanum Lundell 9(0.75) 41 (0.69) 50
Guatteria anomala R.E. Fr.* - 2 (0.04) 2
Guatteria sp. 2(0.25) 14 (0.27) 16
Mosannona depressa (Baill.) Chatrou - 1(0.04) 1
Xylopia frutescens Aubl. 1(0.25) 35(0.38) 36
Apocynaceae Stemmadenia donnell-smithii (Rose) Woodson 2 (0.25) - 2
Stemmadenia litoralis (Kunth) L. Allorge 5(0.50) 23(0.42) 28
Tabernaemontana alba Mill. - 28 (.50) 28
Thevetia ahouai (L.) A. DC. 3(0.50) 17(0.42) 20
Avraliaceae Dendropanax arboreus (L.) Decne. & Planch. - 26 (0.54) 26
Oreopanax peltatus Linden - 14 (0.15) 14
Schefflera morototoni (Aubl.) Maguire, Steyerm. & Frodin 3(0.50) 1(0.04) 4
Arecaceae Attalea rostrata Oerst. - 2 (0.08) 2
Bactris major Jacg.* - 63 (0.15) 63
Bactris mexicana Mart. 14 (1.00) (3%‘:’3) 159
Chamaedorea tepejilote Liebm. 4(0.50) 39(0.31) 43
Cryosophila stauracantha (Heynh.) R. Evans* 8 (0.50) 16 (0.08) 24
Geonoma interrupta (Ruiz & Pav.) Mart.* 17 (1.00) 40 (0.50) 57
Sabal mauritiiformis (H. Karst.) Griseb. & H. Wendl. - 9(0.19) 9
Sabal mexicana Mart. - 3 (0.08) 3
Asparagaceae Dracaena americana Donn. Sm. - 6 (0.19) 6
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Asteraceae

Bignoniaceae

Boraginaceae

Burseraceae

Calophyllaceae
Cannabaceae
Capparaceae

Caricaceae

Celastraceae

Chrysobalanaceae

Clethraceae
Clusiaceae
Combretaceae
Elaeocarpaceae
Erythroxylaceae

Euphorbiaceae

Critonia morifolia (Mill.) R.M. King & H. Rob.

Amphitecna apiculata A.H. Gentry
Handroanthus guayacan (Seem.) S. O. Grose
Tabebuia rosea (Bertol.) A. DC.

Cordia alliodora (Ruiz & Pav.) Oken

Cordia bicolor A. DC.

Cordia diversifolia Pav. ex DC.

Cordia sp.

Bursera simaruba (L.) Sarg.

Protium confusum (Rose) Pittier
Protium multiramiflorum Lundell

Calophyllum brasiliense Cambess.*

Trema micrantha (L.) Blume

Capparis quiriguensis Standl.

Carica papaya L.

Jacaratia dolichaula (Donn. Sm.) Woodson
Crossopetalum parviflorum (Hemsl.) Lundell
Crossopetalum sp. 1

Crossopetalum sp. 2

Hirtella americana L.

Hirtella racemosa Lam.
Licania hypoleuca Benth.

Licania platypus (Hemsl.) Fritsch
Clethra occidentalis (L.) Kuntze
Garcinia intermedia (Pittier) Hammel
Terminalia amazonia (J.F. Gmel.) Exell
Sloanea tuerckheimii Donn. Sm.
Erythroxylum macrophyllum Cav.
Acalypha diversifolia Jacq.

Alchornea latifolia Sw.

Croton draco Schltdl. & Cham.

Croton schiedeanus Schitdl.

Croton sp.

1(0.25)

1(0.25)

27 (1.00)
3(0.50)

4 (0.75)
16 (0.75)
4 (0.75)
7 (0.50)
13 (0.75)
4 (0.25)
3 (0.50)
2 (0.25)
1(0.25)
5 (0.50)
2 (0.25)
4 (0.75)
2 (0.25)
1(0.25)
4 (0.50)

1(0.04)
55 (0.65)
1(0.04)
1(0.04)
3(0.04)
29 (0.54)
6 (0.15)
1(0.04)
37 (0.50)

80 (0.35)

130
(0.85)

25 (0.35)
1(0.04)
7 (0.08)
1(0.04)
29 (0.54)
1(0.04)
49 (0.54)
5 (0.15)
37 (0.38)

38 (0.42)

123
(0.62)

16 (0.31)
8 (0.08)
18 (0.23)
68 (0.54)
12 (0.23)
8 (0.15)
50 (0.35)
28 (0.38)
81 (0.73)
2 (0.08)

1
60

157
28

33

65

44
51

127

19
10
19
73
12
10
54
30

85
2
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Fabaceae

Hypericaceae
Lacistemataceae

Lauraceae

Sapium lateriflorum Hemsl.

Sebastiania longicuspis Standl.

Albizia leucocalyx (Britton & Rose) L. Rico
Cojoba arborea (L.) Britton & Rose
Cojoba graciliflora (S.F. Blake) Britton & Rose
Dalbergia glabra (Mill.) Standl.

Dalbergia glomerata Hemsl.

Dialium guianense (Aubl.) Sandwith
Erythrina folkersii Krukoff & Moldenke
Hymenaea courbaril L.

Indigofera suffruticosa Mill.

Inga pavoniana G. Don

Inga punctata Willd.

Inga thibaudiana DC.

Lonchocarpus cruentus Lundell
Lonchocarpus guatemalensis Benth.

Lonchocarpus rugosus Benth.

Mariosousa usumacintensis (Lundell) Seigler & Ebinger

Ormosia isthmensis Standl.*

Pithecellobium macrandrium Donn. Sm.
Platymiscium dimorphandrum Donn. Sm.
Pterocarpus rohrii Vahl

Schizolobium parahyba (Vell.) S.F. Blake
Senegalia polyphylla (DC.) Britton

Swartzia guatemalensis (Donn. Sm.) Pittier
Vachellia cornigera (L.) Seigler & Ebinger
Vachellia mayana (Lundell) Seigler & Ebinger
Vatairea lundellii (Standl.) Killip ex Record*
Zygia peckii (B.L. Rob.) Britton & Rose
Vismia camparaguey Sprague & L. Riley
Lacistema aggregatum (P.J. Bergius) Rusby
Licaria caudata (Lundell) Kosterm.

Licaria excelsa Kosterm.

1(0.25)
2 (0.50)

1(0.25)
1(0.25)
38 (1.00)
1(0.25)
1(0.25)

3(0.75)

3(0.25)

2 (0.25)
1(0.25)
1(0.25)
2 (0.50)
2 (0.25)
3(0.75)
1(0.25)
3(0.25)
3(0.50)

9 (0.25)
2 (0.50)
1(0.25)

22 (0.31)
8 (0.15)
15 (0.27)
8 (0.19)
1(0.04)
8 (0.23)

20 (0.23)

162
(0.88)

9 (0.27)
9 (0.23)
46 (0.69)
13 (0.31)
29 (0.31)
29 (0.46)
8 (0.23)
4(0.12)
8(0.27)
4(0.12)
24 (0.46)
6 (0.19)
8(0.27)
71 (0.50)
1(0.04)
6 (0.15)
47 (0.38)
10 (0.19)
38 (0.58)
35 (0.38)
8(0.12)
79 (0.65)
10 (0.23)
17 (0.38)

22

17

21
200
10

49
13
32
29
10

26

11
72

47
10
41
35

88
12
18
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Magnoliaceae
Malpighiaceae

Malvaceae

Melastomataceae

Meliaceae

Monimiaceae

Moraceae

Nectandra ambigens (S.F. Blake) C.K. Allen
Nectandra belizensis (Lundell) C.K. Allen
Nectandra reticulata (Ruiz & Pav.) Mez
Nectandra salicifolia (Kunth) Nees
Ocotea sp.

Magnolia mexicana DC.*

Byrsonima crassifolia (L.) Kunth

Ceiba pentandra (L.) Gaertn.

Guazuma ulmifolia Lam.

Hampea stipitata S. Watson

Luehea seemannii Triana & Planch.
Luehea speciosa Willd.

Mortoniodendron sulcatum Lundell
Pachira aquatica Aubl.

Quararibea funebris (La Llave) Vischer
Quararibea yunckeri Standl.

Theobroma cacao L.

Trichospermum mexicanum (DC.) Baill.

Bellucia pentamera Naudin

Conostegia xalapensis (Bonpl.) D. Don ex DC.

Miconia argentea (Sw.) DC.

Miconia fulvostellata L.O. Williams
Miconia trinervia (Sw.) D. Don ex Loudon
Mouriri gleasoniana Standl.

Mouriri myrtilloides (Sw.) Poir.
Guarea glabra Vahl

Guarea grandifolia DC.
Swietenia macrophylla King
Trichilia erythrocarpa Lundell
Mollinedia viridiflora Tul.

Brosimum alicastrum Sw.

Brosimum guianense (Aubl.) Huber

Castilla elastica Sessé

3 (0.50)
4(0.75)
12 (0.75)
2 (0.50)
2 (0.25)

1(0.25)
1(0.25)
1(0.25)
4 (0.50)
3 (0.50)
11 (0.75)
1(0.25)

15 (0.75)

5 (0.75)

116
(1.00)

1(0.25)

5 (0.50)
4 (0.50)
9 (1.00)
16 (0.75)
9 (0.75)

2 (0.08)
14 (0.38)
41 (0.73)
61 (0.65)
16 (0.35)
6 (0.08)
1(0.04)
1(0.04)
2 (0.08)
13 (0.23)
1(0.04)
45 (0.31)
23 (0.50)
26 (0.19)
56 (0.54)
11 (0.04)
30 (0.31)
4(0.12)
2 (0.08)
96 (0.58)
1(0.04)
24 (0.31)
7 (0.19)

12 (0.27)

195
(0.77)

16 (0.42)
19 (0.15)
10 (0.15)

51 (0.46)

104
(0.73)

49 (0.65)
126(0.81)

2

111

24

17
311

17
19
15
55

113

65
135
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Myristicaceae

Myrtaceae

Nyctaginaceae

Ochnaceae

Passifloraceae

Piperaceae

Polygonaceae

Primulaceae

Rhizophoraceae

Rubiaceae

Clarisia biflora Ruiz & Pav.

Ficus insipida Willd.

Ficus maxima Mill.

Ficus popenoei Standl.

Pseudolmedia glabrata (Liebm.) C.C. Berg
Trophis mexicana (Liebm.) Bureau
Trophis racemosa (L.) Urb.

Virola koschnyi Warb.

Eugenia acapulcensis Steud.

Eugenia aeruginea DC.

Eugenia capuli (Schitdl. & Cham.) Hook. & Arn.

Eugenia nigrita Lundell
Psidium friedrichsthalianum (O. Berg) Nied.
Neea stenophylla Standl.
Ouratea crassinervia Engl.
Ouratea lucens (Kunth) Engl.
Erblichia odorata Seem.
Piper aduncum L.

Piper aequale Vahl

Piper auritum Kunth

Piper hispidum Sw.

Piper sp. 1

Piper sp.2

Coccoloba belizensis Standl.
Ardisia conzattii S.F. Blake

Parathesis lenticellata Lundell
Cassipourea guianensis Aubl.

Alibertia edulis (Rich.) A. Rich. ex DC.
Amaioua corymbosa Kunth
Blepharidium guatemalense Standl.
Faramea occidentalis (L.) A. Rich.
Genipa americana L.

Guettarda tikalana Lundell

21 (1.00)
3(0.50)
1(0.25)
1(0.25)

1(0.25)
3 (0.50)
2 (0.50)
1(0.25)
3(0.25)
1(0.25)
14 (0.75)

4 (1.00)

1(0.25)

1(0.25)

5 (0.50)

10 (1.00)

29 (0.42)
4 (0.08)
4 (0.15)
1(0.04)
92 (0.81)
2 (0.04)
17 (0.42)
17 (0.35)
4 (0.15)
10 (0.19)
2 (0.08)
26 (0.38)
1(0.04)
3(0.08)
11 (0.23)
2 (0.08)
13 (0.23)
14 (0.08)
6 (0.12)
13 (0.35)
1(0.04)
15 (0.12)
37 (0.23)

5(0.19)

136
(0.77)

51 (0.54)
14(0.19)
57 (0.54)
60 (0.38)
1(0.04)
2 (0.04)

29

113

137
o1
19
57
70
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Rutaceae

Salicaceae

Sapindaceae

Sapotaceae

Simaroubaceae
Siparunaceae

Solanaceae

Palicourea tetragona (Donn. Sm.) C.M. Taylor & Lorence

Posoqueria latifolia (Rudge) Schult.
Psychotria carthagenensis Jacqg.

Psychotria limonensis K. Krause

Psychotria trichotoma M. Martens & Galeotti
Randia armata (Sw.) DC.

Sabicea villosa Schult.

Zanthoxylum acuminatum (Sw.) Sw.
Zanthoxylum caribaeum Lam.

Zanthoxylum riedelianum Engl.

Casearia corymbosa Kunth

Casearia sp.

Casearia sylvestris Sw.

Casearia tremula (Griseb.) Griseb. ex C. Wright
Lunania mexicana Brandegee
Pleuranthodendron lindenii (Turcz.) Sleumer
Zuelania guidonia (Sw.) Britton & Millsp.
Allophylus camptostachys Radlk.

Cupania belizensis Standl.

Cupania dentata DC.

Cupania glabra Sw.

Matayba glaberrima Radlk.

Talisia oliviformis (Kunth) Radlk.

Chrysophyllum mexicanum Brandegee ex Standl.

Manilkara zapota (L.) P. Royen

Pouteria campechiana (Kunth) Baehni
Pouteria durlandii (Standl.) Baehni

Pouteria sapota (Jacq.) H.E. Moore & Stearn
Pouteria sp. 1

Pouteria sp. 2

Quassia amara L.

Siparuna thecaphora (Poepp. & Endl.) A. DC.

Cestrum racemosum Ruiz & Pav.

4 (0.75)
3 (0.50)
12 (1.00)
7 (0.75)
1(0.25)
3 (0.50)
1(0.25)

2 (0.25)

2 (0.25)
1(0.25)
5 (0.75)
1(0.25)

12 (0.25)
4 (0.50)
1(0.25)
2 (0.25)
2 (0.50)
3(0.25)
6 (0.75)
1(0.25)
6 (0.50)
27 (0.75)

1(0.25)

4(0.12)
64 (0.77)
78 (0.73)
12 (0.27)
12 (0.12)
15 (0.27)
8 (0.23)
15 (0.27)
13 (0.23)
15 (0.35)
1(0.04)
23 (0.31)
1(0.04)
19 (0.35)
9 (0.19)
32 (0.38)
19 (0.12)
2 (0.04)
79 (0.46)
4(0.12)
15 (0.35)
8 (0.19)
2 (0.04)
4 (0.15)
94 (0.92)
3 (0.08)
43 (0.58)
7 (0.04)
34 (0.23)
17 (0.38)
3(0.12)

8
67
90
19
13
18

17
13
15

25

24

33
19

91

17
10

100

49
34
34
18
3
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Ulmaceae

Urticaceae

Violaceae

Vochysiaceae

Morphospecies

Lycianthes heteroclita (Sendtn.) Bitter

Solanum schlechtendalianum Walp.
Ampelocera hottlei (Standl.) Standl.

Cecropia obtusifolia Bertol.
Cecropia peltata L.

Myriocarpa longipes Liebm.
Pourouma bicolor Mart.

Urera glabriuscula V.W. Steinm.
Urera rzedowskii V.W. Steinm.

Orthion subsessile (Standl.) Steyerm. & Standl.
Rinorea hummelii Sprague

Vochysia guatemalensis Donn. Sm.
Species 1
Species 2
Species 3
Species 4
Species 5
Species 6
Species 7
Species 8
Species 9
Species 10
Species 11
Species 12
Species 13
Species 14
Species 15
Species 16
Species 17
Species 18
Species 19
Species 20
Species 21

1(0.25) 1(0.04)

- 5 (0.15)

130
(0.69)

- 1(0.04)
1(0.25) 31(0.42)
2(0.25) 3(0.08)

- 9(0.12)
3(0.25) 5(0.04)

- 1(0.04

- 6 (0.19)

226
(0.38)

3(0.25) 86 (0.54)
- 1(0.04)
- 1(0.04)
2 (0.50) -
6(0.50) 27 (0.42)
3(0.50) 35 (0.50)
10 (0.75) 29 (0.42)
8(0.50) 33 (0.46)
1(0.25) 5 (0.15)

43 (1.00)

62 (0.50)

- 2 (0.04)
1(0.25) -
- 2 (0.08)
1(0.25) 27 (0.50)
- 1(0.04)
- 6 (0.04)
- 3 (0.04)
- 1 (0.04)
- 1(0.04)
1(0.25) -
1(0.25) -
1(0.25) 2(0.08)
- 5(0.12)

173

1
32

o = 00 O O

288
89

13 I N N e 2 T
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Species 22 - 2 (0.08) 2
Species 23 - 5(0.08) 5
Species 24 - 2 (0.04) 2

5.6.3. Literature Cited

Martinez, E., Ramos, C.H., Chiang, F., 1994. Lista floristica de la Lacandona, Chiapas. Bol. Soc. Bot.
Mex. 54, 99-177.

Tropicos, 2013. Tropicos.org. Missouri Botanical Garden. http://www.tropicos.org. (accessed August
2013).

Whitefoord, C., 2011. Ochnaceae, in: Davidse, G., Sousa-Sanchez, M., Knapp, S., Chiang, F., (Eds.),
Flora Mesoamericana. Universidad Nacional Auténoma de México, Mexico City, pp. 1-26.
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6. CONCLUSIONES

Los resultados de este estudio demuestran que los fragmentos pequefios de bosque tropical
hdamedo en la region de Marqués de Comillas, selva Lacandona, Chiapas, México, son muy importantes
para la conservacion de la diversidad de especies de arboles y la estructura de la vegetacion. Por tanto,
después de casi medio siglo de pérdida y fragmentacion de hébitat en esta region, la diversidad de
arboles y la estructura de la vegetacion parecen no haber sufrido alteraciones significativas dentro de
los fragmentos de estudio. Estos hallazgos difieren de los supuestos de la teoria de biogeografia de islas
(TBI; MacArthur y Wilson, 1967) y de la teoria metapoblacional (TM; Hanski, 1999) que enfatizan la
importancia de preservar remanentes de habitat mas grandes ya que se espera que el nimero de
especies (TBI) y la persistencia de la metapoblacion (TM) se incrementen dentro de estos remanentes y
en el paisaje. Esta aparente contradiccion con el presente estudio puede ser explicada por al menos tres
factores principales, que en conjunto, pueden estar contribuyendo al mantenimiento de la biodiversidad
de plantas. Primero, los eventos de perturbacién en la region son relativamente recientes, por tanto,
considerando que la mayoria de los arboles del bosque tropical son especies longevas, entonces los
cambios en la riqueza de especies original ocasionados por la pérdida y fragmentaciéon del bosque
todavia no son evidentes. Segundo, los eventos de perturbacién han sido de baja intensidad, lo que ha
permitido mantener una gran proporcién de la cobertura forestal original (ca. 40%) y una matriz muy
heterogénea. Ambos patrones pueden favorecer la persistencia de las especies, la dispersion de semillas
y la regeneracion del bosque (e.g., Chazdon, 2003; Melo et al., 2013). Finalmente, la region no ha
experimentado un proceso de defaunacion severo (Garmendia et al., 2013; Naranjo y Bodmer, 2007), lo
que puede contribuir al mantenimiento de los procesos ecologicos en los que los animales estan
involucrados, tales como la polinizacion, dispersion y depredacion de semillas y la herbivoria (Beck et
al., 2013; Dirzo y Miranda, 1991; Stoner et al., 2007). Todos estos procesos son fundamentales para la

regeneracion natural del bosque y el mantenimiento de la diversidad de plantas (Wang y Smith, 2002).
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El valor de los fragmentos va mas alla de su papel como reservorios de diversidad. Por ejemplo,
estos fragmentos pueden contribuir a mantener la conectividad del paisaje al funcionar como
corredores biologicos o sitios de paso (stepping stones) y brindar recursos complementarios y
suplementarios fundamentales para la supervivencia de muchas especies de animales (Asensio et al.,
2009; Dunning et al., 1992). Adicionalmente, la presencia de estos fragmentos en el paisaje puede tener
repercusiones importantes para el bienestar de los seres humanos ya que intervienen en el
mantenimiento de servicios ecosistémicos, e.g., los fragmentos favorecen el proceso de polinizacion en
cultivos agricolas y dispersion de semillas (Bodin et al., 2006; Ricketts, 2004), suministran un amplia
gama de recursos naturales (e.g., alimentos, medicinas, materiales de construccion), actlian como zonas
de amortiguamiento reduciendo el impacto de las actividades humanas sobre los remanentes mas
grandes de bosque Y las areas protegidas, ademas de ser las fuentes de propagulos mas importantes para
la restauracion del bosque en campos agricolas o ganaderos que se quieran restaurar en el futuro. Si
bien estos fragmentos han demostrado actuar como refugios de especies durante un periodo de tiempo
considerable, probablemente en un futuro no puedan desempefiarse de la misma forma (ver Turner et
al., 1996).

A pesar de que en esta region han sido implementadas diversas estrategias para disminuir los
procesos de deforestacion y el cambio de uso de suelo, éstas parecen no estar teniendo éxito ya que las
tasas de deforestacién contintan incrementandose (Mora, 2008). En este sentido, es fundamental
emprender estrategias de conservacion y manejo mas efectivas. EI Programa de Pago por Servicios
Ambientales (PSA) que implementa la Comision Nacional Forestal en la region (CONAFOR, 2013)
parece ser una herramienta atractiva, ya que provee de incentivos econdmicos a las personas
interesadas en conservar los remanentes de bosque maduro. Sin embargo, el llamado ‘Programa
Especial Selva Lacandona 2013’ (CONAFOR, 2013) sélo ofrece recursos econdmicos a las personas y

grupos de personas que conserven > 25 ha de bosque. El tamafio no es el Gnico criterio que considera la
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CONAFOR para dar estos recursos, sino que dan prioridad a los fragmentos que estan localizados en
posiciones geograficas especificas (e.g., entre fragmentos de mayor tamafio) o que contribuyen a
proteger cuerpos de agua. Por tanto, las personas que cuenten con parcelas de bosque maduro menores
a 25 ha y ubicadas en determinados lugares no pueden aplicar a este programa, lo que puede ‘orillar’ a
estas personas a buscar alternativas econdmicas para estos remanentes, como su tala para desarrollar
actividades agricolas o ganaderas. En este sentido, cabe destacar la creciente promocion y la eventual
aceptacion de la poblacion por los programas de reconversion productiva que impulsan el
establecimiento y expansion de monocultivos de palma de aceite (Elaeis guineensis), arbol de hule
(Hevea brasiliensis) y limén persa (Citrus latifolia) en la region. Por tanto, se puede esperar que las
personas que son excluidas de los programas de PSA vean particularmente atractivos estos nuevos
programas de reconversion productiva, amenazando el mantenimiento de los fragmentos mas pequefios
de bosque a largo plazo. Considerando que el no conservar los fragmentos pequefios puede tener serias
repercusiones en la biodiversidad, los servicios ecosistémicos y el bienestar del hombre, una manera
efectiva de contrarrestar esta situacion seria la inclusion en los programas de PSA de todas las personas
interesadas en conservar sus parcelas de bosque maduro, sin importar su tamafio. Paralelamente, es
fundamental promover otros tipos de actividades econdémicas que sean menos dafiinas para la
biodiversidad, como el ecoturismo y los sistemas agroforestales (e.g., cultivos de sombra como el
cacao, el cardamomo, las palmas, y plantas ornamentales como las heliconias y las orquideas). Estas
estrategias dificilmente tendran éxito a largo plazo si no van acompafadas de programas intensos y
extensos de educacion ambiental, enfocandose en los tomadores de decisiones, hombres de negocios, la
comunidad cientifica en general y en los nifios y adolescentes que decidiran el futuro de la

biodiversidad en la region durante los proximos afios.
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