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Resumen general

El paisaje en la comunidad de Lacanha-Chansayab en Chiapas, México es
excepcional dentro del contexto regional, al presentar una matriz de selva
interrumpida por pequefas areas de milpas o vegetacion secundaria. Este paisaje
heterogéneo, determina la estructura de la comunidad de los murciélagos, en

términos de la disponibilidad de alimento y refugios.

La presente tesis se enfoco en evaluar y analizar el efecto de la matriz de selva
sobre la comunidad de murciélagos y la dispersion de semillas en parches de
bosque secundario bajo manejo tradicional lacandén. El primer objetivo de la tesis
fue evaluar la diversidad, abundancia, riqueza y la contribucion a la diversidad total
de los murciélagos en bosques secundarios, dominados por O. pyramidale y
rodeados parcial (<35%) y mayormente (>85%) por selva. También, se evaluo la
estructura y composicion de la vegetacion secundaria y de las areas con selva en
relacion con la presencia de los murciélagos. El segundo objetivo fue evaluar la
diversidad y abundancia de semillas dispersadas por murciélagos en la selva y
parches de bosque secundario con diferente proporcion de selva circundante, y se

relaciond la disponibilidad de alimento con la dispersion de semillas.

La diversidad y riqueza de los murciélagos fueron mayores en la selva, y la
diversidad de murciélagos entre la selva y los parches de bosque secundario
mayormente rodeados de selva fue similar. El bosque secundario parcialmente

rodeado de selva presentd una menor diversidad en relacion con las otras



condiciones. La diversidad y riqueza de murciélagos y la contribucién total a la
diversidad estuvieron correlacionadas positivamente con la proporcion de selva
que rodea a los bosques secundarios, mientras que la abundancia de murciélagos

fue positivamente correlacionada con la cobertura de dosel.

La diversidad y riqueza de semillas dispersadas por los murciélagos en la selva
fue similar a la encontrada en parches rodeados mayormente por selva. Ademas,
en estas condiciones se encontré una mayor abundancia de murciélagos
dispersando semillas de especies sucesionales tardias en comparacion con la
registrada en los parches parcialmente rodeados por selva, donde los murciélagos
dispersaron principalmente semillas de arbustos y arboles de etapas sucesionales
tempranas. Dos murciélagos frugivoros grandes (Artibeus lituratus y A.
Jjamaicensis) fueron mas abundantes en la selva y parches mayormente rodeados
por selva. Estas especies dispersaron semillas de arboles de diferentes etapas
sucesionales como Cecropia spp, Ficus spp y Brosimum alicastrum. En cambio la
dispersién de semillas por los murciélagos pequefos (Carollia sowelliy C.
perspicillata) en bosques secundarios con menor proporcién de selva, fue
dominada por especies de etapas sucesionales tempranas (Piper auritum'y Piper
aduncum). Para ambos procesos es probable que los murciélagos contribuyan

con la dispersion de semillas que favorece la regeneracion de la selva.
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Introduccion

México es uno de los cinco paises mas ricos en biodiversidad en el mundo (Myers
et al. 2000), e incluye el area megadiversa en la Selva Lacandona, Chiapas
(Mendoza y Dirzo 1999). En esta regién la mayoria de los mamiferos son
murciélagos (57%), con una riqueza que abarca aproximadamente 60 especies
(Medellin 1994). El impacto de las actividades humanas sobre las selvas
mexicanas ha sido intenso desde tiempos prehispanicos (Amram 1937), y se ha
acentuado sobre todo en afos recientes. En particular, en la Selva Lacandona en
el estado de Chiapas, el 23% de su area total se ha convertido en potreros, milpas
y bosque secundario en menos de 20 afios (Mendoza y Dirzo 1999), como
consecuencia de un fuerte proceso de colonizacion con el establecimiento de
numerosos centros de poblacidon humana, la expansion de las vias de
comunicacion, la tala inmoderada de las masas forestales y la apertura de nuevas
areas de selva para su aprovechamiento agropecuario (Miranda 1952, Muench

1978, Nations y Night 1980).

Los murciélagos desempefian un papel importante dentro de los ecosistemas
tropicales al formar parte en los procesos de polinizacion, dispersion de semillas, y
como depredadores (Fleming 1988, Thies y Kalko 2004) en la regulacién de
algunas poblaciones de invertebrados (Kalka et al. 2008), con lo cual coadyuvan
de manera singular en la salud de estos ecosistemas (Kunz et al. 2011). La
pérdida del habitat y otros fenbmenos asociados a la fragmentacion del paisaje,

tienen efectos ecoldgicos importantes sobre la estructura y composicién de la flora
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y la fauna. Estos cambios pueden afectar no sélo a los murciélagos, sino también
a los procesos ecoldgicos en los que estos mamiferos participan. La capacidad
adaptativa de los murciélagos les ha permitido habitar y prosperar en una gran
variedad de ecosistemas tanto en la region tropical como en las zonas templadas
(Nowak 1991). Sin embargo, la diversidad de murciélagos se ha visto afectada por
la fragmentacion de los ecosistemas tropicales (Silver et al. 2002), al limitar la
disponibilidad de refugios vy sitios de forrajeo para estos mamiferos (Kunz y
Lumsden 2003, Rodriguez-Herrera et al. 2007). No obstante, algunas especies se
han adaptado y proliferan en paisajes fragmentados en donde han sido capaces
de encontrar alimento y refugio (Burkey 1989). De esta manera, la presencia del
disturbio viene a jugar un papel determinante en la modificacion de este tipo de
paisajes y en los procesos de adaptacion de las especies a su medio. Este
proceso constituye la parte fundamental de la hipotesis de disturbio intermedio
(HDI), en donde la diversidad puede variar segun la intensidad, frecuencia y el
tiempo transcurrido desde el ultimo disturbio (Connell 1978). Asi, un disturbio de
baja intensidad libera pocos recursos que permiten la llegada y establecimiento de
especies oportunistas. En el otro extremo, un disturbio de alta intensidad, si bien
libera una gran cantidad luz y otros de recursos, generando condiciones que
excluyen a las especies tipicas del ecosistema original (Sheil y Burslem 2003) y
que implica un aumento de la diversidad de las especies colonizadoras. El
disturbio intermedio por un lado permite la liberacion de recursos suficientes para
que prosperen las especies oportunistas y a su vez permite que se conserven las
condiciones favorables para la sobrevivencia de las especies originales del

ecosistema. Lo anterior implica un aumento de la diversidad a una escala a nivel
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paisaje. La mayoria de los murciélagos frugivoros prefieren forrajear cerca de sus
refugios con el objeto de reducir el costo energético (Heithaus y Fleming 1978), y
por lo tanto, la distancia entre el refugio y el area de forrajeo es un factor

importante que afecta la dispersion de semillas en paisajes fragmentados.

Una de las causas principales de la conversiéon de areas forestales tropicales es
su aprovechamiento agropecuario con el uso de roza-tumba-quema (rtq). Esta
practica permite, de manera rapida y efectiva, la conversién de la selva en areas
agricolas y eventualmente a bosques secundarios, por lo que es muy probable
que en las siguientes décadas los bosques secundarios ocupen un alto porcentaje
del area total de los bosques en el mundo (Castelletta et al. 2000). El
aprovechamiento de las selvas mediante la rtq tiene como consecuencia la
fragmentacion del paisaje, que inicialmente consiste en la perforacion de la
cubierta vegetal y posteriormente en la formacién de remanentes de selva
inmersos en una matriz de bosque secundario; estos fragmentos de selva son
ademas el ultimo refugio para muchas especies de fauna y flora, entre ellos los
murciélagos (Schulze et al. 2000). La gran mayoria de bosques secundarios estan
rodeados por areas agricolas o potreros (Gorchov 1993). Por lo que la mayoria de
estudios con murciélagos (Bernard y Fenton 2003, Galindo-Gonzalez y Sosa 2003,
Gorressen y Willig 2004) se han realizado en paisajes constituidos, principalmente,
por una matriz de areas agropecuarias o bosque secundario en fases

sucesionales incipientes y con parches, remanentes o fragmentos de selva.

La etnia maya-lacandona de la comunidad de Lacanha Chansayab en Chiapas,
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México, utiliza un manejo tradicional de sus recursos mediante el sistema de
produccion agricola de rtq. EI manejo del paisaje incluye la conservacion de la
selva, aprovechando pequefias areas adentro de la matriz de selva para la
produccion milpera (cultivo de maiz, frijol, calabaza). El sistema de rtq lacandon se
sustenta en una serie de técnicas que los agricultores han desarrollado a partir de
su conocimiento ecoldgico tradicional sobre las especies vegetales y animales de
la regién (Amram 1937, Gadgil et al 1993). Los terrenos comunales en Lacanha
presentan una alta heterogeneidad espacial, formada por una matriz de selva
interrumpida por pequefios parches de 0.5 a 1.0 ha de areas agricolas (milpas) y
bosque secundario que permiten una mayor diversidad de flora y fauna, en
comparacion con lo que se podria encontrar en un area homogénea compuesta
sé6lo por selva (eg., Gascon et al. 1999). Cabe destacar que esta condicion, matriz
de selva interrumpida por pequefias areas de milpas o vegetacion secundaria, es
excepcional dentro del contexto del paisaje regional, donde predomina una
situacién inversa. Es decir, una matriz de areas agropecuarias y bosque
secundario interrumpida con pequenos relictos de selva. A escala de paisaje, la
variedad de parches de bosques de diferentes etapas sucesionales puede
promover la diversidad de murciélagos, en congruencia con la HDI, al contener
una mayor variedad de nichos en relacion a un area homogénea (selva) poco
perturbada. El bosque secundario que se encuentra como parte del paisaje de
Lacanha puede variar en cuanto a la composicion de sus arboles dominantes. Sin
embargo, se puede reconocer la preferencia de algunos agricultores tradicionales
para procurar la rapida recuperacion de sus bosques secundarios, después del

aprovechamiento agricola, mediante la siembra, al final del periodo de cultivo, de
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un arbol que en maya lacandén nombran Chujum y que comunmente es conocido
como Balsa (Ochroma pyramidale - Malvaceae) (Anénimo 1999). Esta especie es
nativa, de rapido crecimiento y se comercializa en Sur América; Ochroma
pyramidale es capaz de enriquecer los suelos agotados por la agricultura y la
ganaderia, asi como de rehabilitar areas degradadas a consecuencia de un
historial de uso con quemas frecuentes (Levy-Tacher 2000, Levy-Tachery

Golicher 2004, Diemont et al. 2006, Douterlungne et al. 2010).

Por la sensibilidad de los murciélagos a los cambios en el habitat (Fenton et al.
1992, Medellin et al. 2000, Schulze et al. 2000), es probable que las condiciones
en los bosques secundarios dominados por O. pyramidale afecten su llegada y
comportamiento en comparacion con las areas de selva. Los bosques secundarios
dominados por ésta especie podrian presentar diferencias en cuanto a estructura,
diversidad y abundancia de ciertas especies vegetales, con respecto a bosques
secundarios (mixtos), sin dominancia de O. pyramidale con el mismo periodo de
descanso o vegetacion madura. Diferencias en estructura y composiciéon como la
diversidad de plantas, densidad de arboles y apertura del dosel han sido
encontrados como factores que afectan la comunidad de murciélagos (Crome y
Richards 1988, Medellin et al. 2000, Kalko y Handley 2001, Gorresen y Willig
2004, Ford et al. 2005, Castro-Luna et al. 2007a). Es posible que en los bosques
secundarios dominados por O. pyramidale que se distinguen por generar un dosel
mas abierto en comparacion con los bosques secundarios mixtos, la entrada y
transito de ciertas especies o grupos de murciélagos pueda ser favorecida u

obstaculizada. A su vez, la presencia de murciélagos puede verse afectada por la
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menor disponibilidad de refugios en areas de bosque secundario en comparacion
con la selva, sin embargo, el bosque secundario puede proveer recursos
importantes para los murciélagos, en particular para el grupo de los frugivoros
(Castro-Luna et al. 2007b, Soriano y Ochoa 2001). Bajo estas condiciones los
murciélagos facilitan la sucesion secundaria al dispersar semillas de especies de
las etapas sucesionales tempranas (Gorchov et al. 1993) y tardias, contribuyendo
asi a la recuperacion de areas perturbadas en la regién tropical (Galindo-Gonzalez
et al. 2000). Dentro de este contexto, la matriz de selva funciona como fuente
potencial de semillas que contribuye al proceso de regeneracién (McClanahan

1986).

El presente estudio tiene como finalidad describir y evaluar la comunidad de
murciélagos en un paisaje manejado por los lacandones con predominio la selva
alta perennifolia. La selva madura de los alrededores de la comunidad Lacanha ha
sido intervenida por los lacandones actuales y sus ancestros, y es mas similar a la
vegetacion original o primaria que los bosques secundarios por la duracion
sucesional. Los bosques secundarios en la comunidad de Lacanha han sido
desarrollados en terrenos anteriormente usados con fines agricolas por un tiempo
menor a 50 afos. Asi, el paisaje conservado de los terrenos comunales de
Lacanha donde abunda la selva y la presencia de bosque secundario dominados
por O. pyramidale, nos dieron la oportunidad de realizar una serie de
investigaciones que nos permitieron reconocer la abundancia y diversidad de
murciélagos en bosques secundarios manejados por humanos , en contraste con

la selva. Otro de los intereses de esta investigacion es avanzar en el
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entendimiento de la participacion de los murciélagos durante el proceso de
regeneracion de la selva que sirva para el desarrollo de acciones futuras de

restauracion.

En primera instancia, se realizaron recorridos de campo identificando dos
condiciones dominantes del paisaje de Lacanja Chansayab: la selva y los bosques
secundarios, donde se pretendia estudiar el comportamiento de los murciélagos.
Fue a partir de esta experiencia que se reconocié lo diverso y complejo que era el
contexto biolégico donde vivian los lacandones, asi como las multiples
posibilidades para el desarrollo de la tesis doctoral. Mi interés por considerar a la
selva, ademas de su estado de conservacion y su amplia representacion en el
paisaje de Lacanha, fue por su importancia como refugio para un gran numero de
murciélagos. En estas dos condiciones, selva y bosques secundarios, se comenzo
la busqueda de areas de muestreo propicias para la investigacion. Uno de los
primeros hallazgos importantes fueron los parches de bosque secundario
dominados por O. pyramidale, aislados o conectados con otros bosques
secundarios o colindantes con milpas. Asi, la primer parte de esta investigacion se
enfoco a reconocer la influencia que podria tener la proporcion de selva alrededor
de estos bosques dominados por O. pyramidale para la comunidad de
murciélagos. A partir de este acercamiento se llevé a cabo la segunda parte de
este proyecto, la cual consistié en evaluar el efecto de la mayor o menor
proporcion de la selva sobre la dispersion de semillas por los murciélagos

frugivoros en parches de bosque secundario dominado por O. pyramidale.
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Objetivo general

Determinar el efecto del tipo de matriz circundante presente en bosque secundario
manejado con Ochroma pyramidale, sobre la composicion y estructura de la
comunidad de murciélagos y evaluar su papel en la regeneracion de la selva a
través de sus habilidades de dispersion de semillas, en la comunidad Lacanha,

Chiapas, México.

Hipotesis generales

1. La proporcién de selva alrededor de los bosques secundarios dominados por O.
pyramidale en la comunidad Lacanha, Chiapas, México, afecta positivamente la
diversidad y riqueza de murciélagos y la dispersion de semillas de la etapa

sucesional tardia, debido a la disponibilidad de frutos de esta etapa sucesional.

2. La mayor apertura del dosel en los bosques secundarios afecta negativamente

la abundancia de murciélagos en la comunidad Lacanha, Chiapas, México.

Objetivos particulares
Capitulo Il

Objetivo

e Evaluar el efecto de los bosques secundarios dominados por O. pyramidale
rodeados parcial o mayormente por selva sobre la comunidad de

murciélagos.

Capitulo Il

Objetivo:
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Evaluar la diversidad y abundancia de semillas dispersadas por
murciélagos frugivoros en selva y bosques secundarios dominados por O.

pyramidale rodeados parcial o mayormente por selva.
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Descripcion general del area de estudio

Este estudio fue ejecutado en los terrenos de la subcomunidad de Lacanha-
Chansayab en el margen occidental de la Reserva de la Biosfera Montes Azules,
Chiapas, México (16° 45’ 00” N, 91° 08’ 00” O) con un elevacion de 350 m.s.n.m.
(Andénimo 1974). Los suelos predominantes, de acuerdo con la clasificacion
FAO/UNESCO son aerisoles humicos, asociados con rendzina en las areas
calizas, o con regozol éutrico en las areas de areniscas; son suelos constituidos
por series paralelas de conglomerados formadas por calizas y areniscas
(Andénimo, 1974).

El clima es calido humedo (Am) con lluvias abundantes en verano y parte del
otofio, y una temporada seca corta (marzo-mayo). La temperatura media anual es
de 25°C y la precipitacion media anual es de 2300 a 2500 mm (Garcia 1973,
Andnimo 1974, Muench 1978).

La actividad principal de la etnia maya-lacandona de la comunidad Lacanha ha
sido el manejo sustentable de sus recursos mediante el sistema de produccion
agricola de rtq (Nations y Nigh 1980). Sin embargo, la participacion de los
agricultores en el ecoturismo o en empleos fuera de la comunidad ha cambiado las
actividades principales, resultando en un impacto antropogénico relativamente
bajo sobre la selva. Por lo tanto, ha sido posible mantener una mayor area
continua de selva alta perennifolia, bosque tropical perennifolio (Pennington y
Sarukhan 1968, Miranda y Hernandez 1963, Rzedowski 1978), o bosque lluvioso
de montafa baja (Breedlove 1973). Segun la clasificaciéon lacandona de la
vegetacion, en la comunidad Lacanha-Chansayab existen dos tipos de vegetacion

madura, monte alto y chaparral, y el resto de la cobertura vegetal lo conforman los
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bosque secundario y las milpas que se derivan de ellos. EI monte alto corresponde
a la selva alta perennifolia donde destacan las especies Brosimum alicastrum,
Aspidosperma megalocarpon, Dialium guianense, Ficus spp., Erblichia xylocarpa,
Guatteria anomala, Poulsenia armata, Terminalia amazonia y Swietenia
macrophylla. El chaparral es un tipo de vegetacion con arboles de menor talla (de
20 a 30 m de altura) en relacién a la selva alta perennifolia, en donde abundan las
lianas y bejucos. Se presenta en rodales de hasta cinco ha dentro del monte alto,
en lugares con inundaciones estacionales, cerca de los rios y en suelo con alto
contenido de materia organica (Levy 2000). El paisaje esta constituido por parches

de bosque secundario y milpas embebidos en una matriz de vegetacion madura

(Fig 1).

En los parches de bosque secundario se reconoce una técnica desarrollada por
los agricultores tradicionales que permite una acelerada recuperacion de la selva
después de su aprovechamiento agricola (Levy-Tacher y Golicher 2004, Levy-
Tacher et al. 2000), la cual se sustenta en la utilizacion del arbol Ochroma
pyramidale, una especie nativa de interés comercial y de rapido crecimiento,
capaz de enriquecer los suelos agotados por la agricultura y la ganaderia, asi
como de rehabilitar areas degradadas a consecuencia de un historial de uso con
quemas frecuentes (Levy-Tacher 2000, Levy-Tacher y Golicher 2004,
Douterlungne et al. 2010). En 2004, se comprobé que el O. pyramidale acelera
notablemente el funcionamiento del ecosistema selvatico, al identificarse un

aumento de 5% de la materia organica del suelo, bajo la copa de densas
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poblaciones de este arbol, en comparaciéon con areas compuestas por otras

especies arboéreas (Levy y Golicher, 2004).

164545 N

Parches de bosque
secundario mayonnente
rodeado por selva

Parches de bosque
secundario parcialmente
rodeado por selva

—
0Om 100m

91° 08 00 O

Matriz de selva
Pastizal y areas agricola
Infraestructura

Sitios de selva alrededor de parches de bosque secundario parcialmente rodeado

Sitios de selva alrededor de parches de bosque secundario mayormente rodeado

Parches de Ochroma pyramidale mayormente rodeado por selva

EE[[]E N

Parches de Ochironia pyviramidale parcialmente rodeado por selva
Rio
Carretera

Fig. 1. Area del estudio y las posiciones geograficas de los sitios en la comunidad de
Lacanha, Chansayab en el estado de Chiapas, México.
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Capitulo I

Efecto de la calidad de la matriz de la selva en la
estructura del ensamble de murciélagos en parches de
bosque secundario

Tropical rainforest matrix quality affects bat assemblage
structure in secondary forest patches

Articulo publicado en linea en octubre 2, 2012, Journal of Mammalogy.

doi: http://dx.doi.org/10.1644/12-MAMM-A-005.1
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We studied the Phyllostomidae bat assemblage structure in patches of secondary
forest dominated by Ochroma pyramidale pioneer trees, largely (>85%) or partially
(<35%) surrounded by a matrix of tropical rainforest, to test 3 hypotheses: 1).
highest bat diversity and richness is observed in the matrix rainforest in
comparison to secondary forest patches; 2). the proportion of rainforest
surrounding secondary forest positively affects bat diversity and richness; and 3).
canopy openness is an important structural variable negatively affecting bat
abundance. Rainforest control sites had the highest bat species diversity and
richness, and contributed more to total diversity. Bat diversity was similar between
secondary forest patches largely enclosed by rainforest and their controls, but
higher diversity, richness, and contribution to total diversity were recorded in
largely enclosed patches compared to partially enclosed patches. Partially
enclosed patches were dominated by 2 small frugivorous understory bat species
(Carollia sowelli and Carollia perspicillata), whereas largely enclosed patches were
dominated by 2 large-bodied, canopy-dwelling, frugivorous bats (Artibeus lituratus
and Artibeus jamaicensis), which primarily feed on figs, a tree species that is
abundant in rainforest. Bat diversity, richness, and contribution to total diversity
were positively correlated with the proportion of area with rainforest, and bat

abundance was negatively correlated with canopy openness.

Key words: Chiroptera, matrix habitat, Ochroma pyramidale, Phyllostomidae,
slash and burn, spatial configuration, vegetation structure
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The importance of maintaining fragments of tropical rainforest in an unfavorable
matrix of degraded areas for the conservation of intact fauna assemblages has
been confirmed in several studies (Faria et al. 2006, Galindo-Gonzalez and Sosa
2003, Harvey and Gonzalez Villalobos 2007). However, the continuing destruction
and isolation of rainforest will favor generalist species, increase colonization by
invasive species (Umetsu and Pardini 2007), and reduce immigration rates and
species richness (Doak and Mills 1994, Simberloff 1988), as matrices of
agricultural fields or secondary forest restrict movement to suitable habitat patches.
A dominating and extensive matrix of rainforest can, however, increase animal
diversity (MacArthur and Wilson 1967). We define matrix as a connected area of
dominating surface in a landscape; the response to the matrix depends on the
species of interest. Mobile species, such as bats, are generally able to cross open
areas, but the reduction in traveling and foraging activity in matrices of agricultural
lands suggests the importance of forest cover in determining the matrix as either

favorable or non-favorable (Medina et al. 2007, Schulze et al. 2000,).

Bats play an important role in the regulation of insect herbivory (Kalka et al. 2008,
Van Bael et al. 2003) and in seed dispersion and pollination (Fleming and Sosa
1994, Galindo-Gonzalez et al. 2000, Kelm et al. 2008, Kunz et al. 2011), and
thereby modify plant community composition (Brown and Hutchings 1997,
Laurance 1994, Tocher et al. 1997). Hence, the destruction of a matrix of rainforest
can trigger important cascading effects (Fahrig 2001, Vandermeer and Carvajal
2001). Slash and burn agriculture has frequently perforated original rainforest

matrices, creating singular isolated or multiple connected patches of secondary
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forest and agricultural fields. Clearing rainforest or felling trees by logging or
natural causes influence rainforest dynamics, changing the community composition
and vegetation structure. According to the intermediate disturbance hypothesis
these impacts can favor local species richness and diversity of floral and faunal
species (Collins 1987, Connell 1978, Wilkinson 1999). However, in the case of
bats, highest bat species richness (Estrada and Coates-Estrada 2002) and
diversity (Castro-Luna et al. 2007) have been recorded in areas of low disturbance
continuous forest or forest fragments of remaining rainforest. Continuous areas of
late successional rainforest are important refuges for Phyllostominae bats (Kunz
and Lumsden 2003, Rodriguez-Herrera et al. 2007), and hold important forage
areas for most habitat-dependent, large-bodied bat species (Faria et al. 2006,
Galindo-Gonzalez 2004, Schulze et al. 2000), which are usually absent in areas of
higher disturbance. Areas of higher disturbance such as secondary forest can
attract bat species tolerant to landscape modification, usually smaller bodied

species, which are indicators of forest disturbance (Schulze et al. 2000).

The configuration and composition of disturbed areas and the remaining rainforest
influence landscape heterogeneity, and therefore the bat community structure
through species-specific reactions to changes in availability of foraging habitat and
refuges. Their response to landscape characteristics depends on the scale and the
sensitivity of the bat species, such as their home-range size and day-to-day
movement patterns (Gorresen et al. 2005). The species’ sensitivity to disturbance,
such as small patches of secondary forest immersed in a matrix of rainforest, is

expected to differ among bat species, depending on their home range size, which
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is related to the species’ body mass (Kelt and van Vuren 1999) and their capacity

to tolerate different degrees of disturbances (Galindo-Gonzalez 2004).

The spatial layout of disturbed areas and the importance of a favorable matrix have
often been confounded in previous studies (Castro-Luna et al. 2007, Vargas-
Contreras et al. 2009). Moreover, structural and compositional differences such as
plant diversity and woody cover can affect bat assemblage (Kalko and Handley
2001, Medellin et al. 2000), but mostly the influence of canopy openness is an
important factor negatively affecting bat abundance (Castro-Luna et al. 2007,
Crome and Richards 1988, Ford et al. 2005, Gorresen and Willig 2004). In this
paper we quantify the impact of changes in the matrix layout, the spatial settings of
secondary forest patches in a matrix of rainforest, and variation in forest
composition and vegetation structure on bat assemblages. We tested whether: 1).
highest bat diversity and richness is observed in the matrix rainforest in
comparison to secondary forest patches, which is in contrast to the predictions
derived from the intermediate disturbance hypothesis; 2). the proportion of
continuous rainforest surrounding secondary forest patches favors bat diversity,
richness, and abundance of disturbance-sensitive (large-bodied) bat species; and
3). increasing canopy cover favors bat abundance. To test these hypotheses, we
studied the diversity, richness, and abundance of bat species in patches of
secondary forest largely enclosed by rainforest, patches of secondary forest only
partially enclosed, and control sites within the rainforest matrix, and related bat

community structure to changes in vegetation structure and composition.
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Materials and Methods

The study was carried out in the Maya Lacandon community of Lacanha
Chansayab on the margin of Montes Azules Biosphere reserve, Chiapas, Mexico
(16°46°08”N, 91°08’12”W) with an elevation of 350 m asl. The climate is humid and
warm with a mean annual temperature of 24.7 °C and a mean annual precipitation
of >2,000 mm (Pennington and Sarukhan 2005). The farmers of this community
sustainably manage natural resources using a traditional slash and burn system
(Nations and Nigh 1980). The involvement of farmers in ecotourism (Hernandez
Cruz et al. 2005), employment outside the community (Diemont et al. 2006), and its
relatively small population size (ca. 500 inhabitants) results in a low anthropogenic
impact on the rainforest, maintaining a continuous area of rainforest. The
predominant vegetation consists of evergreen rainforest with dominant species
such as Dialium guianense, Brosimum alicastrum, Swietenia macrophylla, Ficus
spp., and Spondias mombin (Miranda and Hernandez 1963). Secondary forests in
Lacanha can vary in composition, depending on the preference of the landowner.
Ochroma pyramidale (Malvaceae) is often preferred by farmers in Lacanhg, as it is
known for its fast growth and capacity to enrich degraded soils (Douterlungne et al.

2010, Levy-Tacher 2000, Levy-Tacher and Golicher 2004).

Study sites
The study included a total of 16 sites in the Maya Lacandon community; 8 sites
were secondary forest patches with areas of 0.5-1.0 ha and 8 were control sites of

rainforest. The secondary forest patches had been part of slash-and-burn
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agriculture and had been abandoned for a period of 10-15 years. Replicates (4) of
secondary forest patches were classified as partially enclosed patch, with less than
35% enclosed by rainforest. The other 4 sites of secondary forest patches were
classified as largely enclosed patch, with more than 85% enclosed by rainforest
(Table 1). The secondary forest patches were dominated by O. pyramidale. The
control sites in the matrix of continuous rainforest were located in close proximity to
the secondary forest patches (Fig. 1). Each control site of rainforest was chosen in
the immediate vicinity of a secondary forest patch, in order to exclude distance as

a possible factor affecting bat arrival in secondary forest patches.

Bat sampling

Bats were sampled each month using 3 (12 x 2.4 m, 36 mm mesh) mist nets per
site, set at ground level, starting 0.5 h before sunset until 4 h after, 1 night per site,
from April 2010-March 2011. The total sampling effort was 74,649.6 m? h (Straube
and Bianconi 2002). Trails, roads, and rivers were avoided while capturing bats, for
their potential bias towards bat species using pathways (Palmeirim and Etheridge
1985), and mist nets were placed at least 25 m from the border of sites to avoid
edge effect. Bats were identified using field guides (Alvarez et al. 1994, Medellin et
al. 2008, Reid 1997). The forearm of each individual was marked upon release with

a colored marker, to avoid recounting during the same night.

Species were grouped into ecological guilds: frugivorous, omnivorous,
insectivorous, hematophagous, and carnivorous-insectivorous (Estrada and
Coates-Estrada 2001, Estrada et al. 2006, Medellin and Gaona 1999). Procedures

followed guidelines of the American Society of Mammalogists (Sikes et al. 2011)
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and were approved by the postgraduate office of El Colegio de la Frontera Sur

(ECOSUR).

Vegetation structure variables

Vegetation structure variables were measured in 6 quadrants of 10 x 10 m (600
m?) per site, measuring tree diameter at breast height (DBH) and height, and
identifying all trees >5 cm DBH. Percentage of canopy openness was measured at
15 random points for each site using a hemispheric crown densiometer (Forestry
Suppliers inc. Jackson, Mississippi). Trees were divided into 3 height categories; 5-
10 m, 10-20 m, and >20 m. Local diversity (Shannon-Wiener H"), average height,

and basal area of trees were calculated per site.

Data analysis

Bat species richness and diversity (Krebs 1989) were calculated per site. Species
richness was calculated using EstimateS (Colwell 2005) and the JACKKNIFE 2
estimator. Species diversity was calculated with the Shannon-Wiener H’ index.
Each site had a different contribution towards total local diversity. To evaluate the
contribution of local diversity of each site to the total diversity we calculated the
species diversity (Simpsons index) and distinctiveness of sites to the total diversity
(Lu et al. 2007). The analysis was executed in the R program (R Development
Core Team 2008), using the “contribdiv” function from the vegan package
(Oksanen et al. 2011). The number of rare bat species was calculated by
classifying a species as rare if <10 bats were recorded in each treatment. Rank

abundance curves were made following Krebs (1989).
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All response and explanatory variables were tested for normality using either
Kolmogorov-Smirnov or Shapiro-Wilk normality tests, depending on the number of
observations per variable. Non-normal data were normalized using logarithm
transformations. Data was analyzed for differences among treatments with an
ANOVA, followed by Tukey post-hoc tests for normally distributed data, and a
Kruskal-Wallis test, followed by Bonferroni corrected Mann-Whitney U post hoc
tests for non parametric data. Analyses were conducted in SPSS 17 (SPSS, Inc.

2007).

A forward multiple regression was performed in SPSS 17, using bat diversity,
richness, contribution to total diversity, and bat abundance as response variables,
and canopy openness, number of trees, mean tree height, number of trees per
height class (<10 m, 10-20 m , >20 m), vegetation diversity (H’), and (arcsin

transformed) percentage of surrounding rainforest as predictor variables.
Results

Bat species composition

A total of 2,588 bats, from 30 species belonging to 4 families were captured, 1,074
individuals in the 8 secondary forest sites and 1,514 in the 8 control sites
(Appendix I). The Phyllostomidae family, with 27 species, contributed most to

species richness and accounted for 98% of all bats.

Estimated species richness (xs 172 = 85.682, P < 0.001) and bat diversity (x%s 172 =

84.793, P < 0.001) were both different among treatments (Figs. 2a and 2b), both
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presenting the lowest values in partially enclosed patches in comparison with
largely enclosed patches and control sites. The contribution to the local diversity of
each treatment was different among treatments (F3, 12 = 43.250, P < 0.001; Fig.2c),
with lowest values for the partially enclosed patches, followed by largely enclosed
patches and the controls respectively. Bat abundance seemed slightly higher for
both control treatments, but was statistically non-significant, due to high variability
within controls (x%s 44 = 4.7656, P = 0.199; Fig. 2d). The relative rank-abundance
curves (Fig. 3) showed a short tail and a steeper decrease for partially enclosed
patches, because of the lower number and the larger relative differences between
bat species’ abundances in comparison with the respective control sites. However,
3 bat species had a higher relative abundance in both treatment plots, illustrating a
lower evenness of the treatments compared to their controls. The rank abundance
curves of largely enclosed patches and their respective controls (Fig. 3) presented
a similar steepness; with the same 3 most abundant bat species and the control
rainforest having more species at lower abundances than the largely enclosed

patches.

Frugivorous bat abundance was similar among all treatments, with a slightly higher
(non-significant) abundance in controls (x%s 44 = 2.116, P = 0.549; Table 2). We
found that 4 frugivorous bat species represented 66% of the total abundance, A.
lituratus, A. jamaicensis, C. sowelli, and C. perspicillata (Fig. 4). The abundances
of A. lituratus ()(23,188 =43.396, P < 0.001) and A. jamaicensis ()(23,188 =37.764, P <
0.001), both large frugivorous canopy bats, were different among treatments with

higher abundances in control treatments, followed by patches largely enclosed,
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and lowest abundance in partially enclosed patches. The abundance of both C.
sowelli (%3188 = 27.415, P < 0.001) and C. perspicillata (x? 183 = 13.710, P =

0.003), both small frugivorous species, was highest in partially enclosed patches.

Abundance of omnivorous (x%44= 4.777, P = 0.029) and carnivorous/insectivorous
bats ()(23,44 =4.600, P = 0.032) were both different among treatments, with higher
abundances in control treatments than in forest patch treatments. Omnivorous bat
abundance (Z, 22 =-2.908, P = 0.003) as well as carnivorous/insectivorous bat
abundance (Z4 22 =-3.310, P = 0.005) was lower in partially enclosed patches
compared to the surrounding rainforest. Hematophagous abundance was higher in
both control treatments compared to partially enclosed patches and largely

enclosed patches, but this was not significantly different (x% 44 = 3.259, P = 0.353).

A total of 18 bat species were classified as rare, 16 of which belonged to the family
Phyllostomidae (Appendix I). Most rare species, 17, were found in control
treatments. In forest patches 11 rare species were captured in largely enclosed

patches, while only 4 in partially enclosed patches.

Vegetation census

Control treatments had a significantly higher average tree height (x% 1115 = 38.488,
P < 0.001), basal area (x%s 1116 = 23.911, P < 0.001), and lower canopy openness
(x%3236 = 171.262, P < 0.001; Table 2) in comparison with both forest patch
treatments. The maximum height for both secondary forest treatments was 25 m,
while control treatments reached a maximum height of 35 m. The total number of

trees in both forest patch treatments was higher than in control treatments (F3 12 =
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9.695, P = 0.002). The number of trees below 10 m was similar among treatments
(Fs3,12=1.072, P = 0.398), but the number of trees between 10 and 20 m (F3,12 =
7.048, P = 0.005) and number of trees above 20 m (F3,12 = 5.405, P = 0.014) were
higher in partially enclosed patches and largely enclosed patches. The tree species
diversity (Shannon-Wiener H') was slightly higher for both control treatments, but

not significantly so (Fs12=1.341, P =0.307).

Relationship between landscape/vegetation variables and bat
composition/abundance

The forward multiple regression showed a positive effect of the proportion of
surrounding rainforest on 3 response variables: bat species richness (R*= 0.794,
F114=54.018, P < 0.001), species diversity (R?=0.551, F114=17.158, P =0.001),
and contribution to total diversity (R?= 0.790, Fy 14 = 52.625, P = 0.002). Bat
abundance was negatively related to canopy openness (R?= 0.430, F; 14 = 10.542,
P =0.006). The model did not include significant predictors after the inclusion of

the first predictor.

Discussion

The JACKKNIFE 2 richness estimator predicted a total of 34 bat species for the
whole area, equal to 34 species registered in a similar area by Medellin et al.
(2000). The 30 species encountered represent 88% of the expected total number
of species. Due to the absence of both acoustic sampling or canopy mist nets
during this study, our estimates of bat diversity and abundance may be low, as the
probability of recording aerial insectivorous (MacSwiney et al. 2008) and canopy

bats (e.g., Emballonurids—Kalko and Handley 2001) is greatly reduced without the
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use of these methods (Bernard 2001, Kalko and Handley 2001, MacSwiney et al.
2008). However, the techniques we used are widely well accepted as effective
sampling methods for phyllostomid bats (Kunz and Kurta 1988, Moreno and
Halffter 1999, Fenton et al. 1992), facilitating comparisons among studies (Castro-
Luna et al. 2007, Medellin et al. 2000, Schulze et al. 2000), and we expect that the
use of other, more time-consuming, sampling methods would not have changed

our results.

The highest bat species diversity, richness, and contribution to total diversity were
found in areas of continuous rainforest, probably because of a combination of
several factors: 1). higher diversity of food resources, 2). higher abundance of food
resources, 3). more roosting opportunities such as tree cavities in older and larger
trees (Kunz and Lumsden 2003), and 4). greater availability of plant species to
build refuges as temporary tent making sites (Rodriguez-Herrera et al. 2007). The
rainforest in this study is a relatively large area, perforated by slash-and-burn
patches, agricultural fields, and secondary forest patches in different successional
stages, where several Piperaceae and Solanaceae species are very common. The
close proximity of areas with agricultural fields or secondary forest in different
successional stages can increase the attractiveness for certain bat species, such
as small understory frugivorous bat species (e.g., Carollia) which are known to
have a small home range and roost close to multiple feeding areas (Bonaccorso et
al. 2006, Heithaus and Fleming 1978). Lower availability of and higher competition
for adequate roosting sites in secondary forest areas is also likely to restrict small

understory frugivorous bats towards areas of continuous rainforest where more
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shelter opportunities are available (Fleming 1991). Moreover, Gorresen & Willig
(2004) showed that continuous rainforest provides greater food diversity for bat

species during periods of food scarcity.

The rainforest matrix represents an area of low disturbance where species such as
Vampyrum spectrum, Chrotopterus auritus, and several other carnivorous-
insectivorous bat species were captured. These species are usually found in
continuous forest and mosaic habitats (Estrada & Coates-Estrada 2002, Schulze et
al. 2000), but are probably positively affected by the variety and abundance of
favourable food resources found in continuous rainforest (Gorresen and Willig
2004) in contrast to secondary forest areas. Food resources for carnivorous-
insectivorous bats, such as small non-flying mammals and arthropods are usually
more abundant and diverse in intermediately disturbed areas (Connell 1978,
Schuldt et al. 2010) than in disturbed areas (Estrada et al. 1994, Schuldt et al.
2010). On the other hand, continuous rainforest represents a low disturbance
habitat, but holds the highest diversity of bats, in contrast to the intermediate
disturbance hypothesis which predicts that species diversity should be greatest at
intermediate levels of disturbance. Our results agree with those of Castro-Luna et
al. (2007) and Medellin et al. (2000), with highest bat species diversity in areas of
low disturbance. Highest bat diversity in rainforest sites of low disturbance is likely
to be related to the refuge opportunities provided by continuous rainforest.
Although areas of intermediate disturbance can promote high species diversity in
comparison with lower or higher disturbance areas (Sheil and Burslem 2003),

increased refuge resources in areas of low disturbance are likely to remain of
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considerable importance for bat species (Kunz and Lumsden 2003, Rodriguez-
Herrera et al. 2007), positively affecting diversity of bat captures. Therefore, we
believe that the intermediate disturbance hypothesis may not apply for bats
because of the importance of low disturbed areas providing important refuge
opportunities.

Our 2" evaluation (whether bat community composition is positively affected by
the proportion of surrounding rainforest in secondary forest patches) showed that
similar values of bat diversity and abundance were encountered in largely enclosed
patches of secondary forest when compared to control treatments in continuous
forest. However, richness and the contribution to total diversity were lower in
largely enclosed patches than in the control sites. Several habitat dependent
species, mainly carnivorous-insectivorous bats, prefer rainforest areas without
passing through areas of secondary forest (Galindo-Gonzalez 2004), even if
largely enclosed by rainforest. Although these species are dependent on
continuous areas of rainforest, they can sporadically be found foraging in areas of
secondary forest of more than 10 years. Several of these species, Mimon bennettii,
Trachops cirrhosus, and Tonatia saurophila were indeed recorded in secondary
forest patches, largely enclosed by rainforest, and were absent in partially

enclosed patches.

Artibeus lituratus and A. jamaicensis were the most abundant species in control
treatments, reached relatively high numbers in largely enclosed patches, with
similar abundance of A. jamaicensis as in its controls, but low abundance of both

large frugivorous were recorded in partially enclosed patches. These large
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frugivorous bat species are known to feed on fruits from canopy tree species, such
as Ficus maxima, Ficus americana, Brosimum alicastrum (Moraceae), and other
mature forest fruits (Gaona 1997, Guevara et al. 1997) and these bat species are
therefore expected to be found in continuous rainforest, where trees of the above
mentioned tree species are of sufficient age to carry fruits. Evidently, areas of
secondary forest do not form a barrier to the movement of these bat species,
where structural similarities could play an important role in facilitating bat

movement (Gascon et al. 1999).

Overall bat species diversity, richness, and contribution to total diversity were lower
in partially enclosed patches than in their control treatments. Total bat abundance
was similar; however, no carnivorous-insectivorous bats, and fewer omnivorous
bats were captured in partially enclosed patches in comparison to control
treatments. Frugivorous bats were the most abundant guild in each site, with large
differences between species. In partially enclosed patches the small frugivorous C.
perspicillata, C. sowelli, and S. lilium were frequently captured and are known for
their preference for Piperaceae and Solanaceae fruits, mostly encountered in
regenerating areas or areas of high disturbance (Williams-Guillén and Perfecto
2010). A possible explanation for the high abundance of small frugivorous bat
species in partially enclosed patches is its connectivity to other disturbed areas,
secondary forest, or agricultural fields. Small frugivorous bat species feed on
resources of high abundance (Heithaus et al. 1975), resources which are likely to

be more abundant in connected areas of secondary forest and agricultural fields.
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Differences in vegetation structure between secondary forest patches and control
sites included canopy cover, basal area, species diversity, density, and average
height. However, only the relation between canopy cover and abundance of bats
was confirmed, which is consistent with our third hypothesis that the percentage of
canopy cover positively affects bat abundance, following the results of earlier
studies (Castro-Luna et al. 2007, Ford et al. 2005, Gorresen and Willig 2004),
where overlapping crowns of mature trees can improve shelter from predators and
provide adequate roosting sites (Evelyn et al. 2003). The secondary forest patches
of our study differed only slightly in vegetation structure in comparison with

rainforest sites.

Secondary forest patches were dominated by mature O. pyramidale, a tree with
specific structural characteristics, including a narrow, thin crown (Selaya et al.
2008) and sparse branching below the crown. Therefore, bats may perceive areas
dominated by O. pyramidale as a relatively open, which, on one hand, might
facilitate their movement, while on the other hand could also impede movement of
bat species due to higher predation risk (Russo et al. 2007) compared to
secondary forest patches without O. pyramidale. Further study is needed to test for
the effects of tree architecture on bat movement, predation risk, and bat

abundance.

Overall, we found highest bat diversity and richness in continuous rainforest.
Secondary forest patches largely enclosed by rainforest had higher bat diversity
and richness than partially enclosed patches. The proportion of surrounding

rainforest was an important factor in determining the diversity and richness of bat
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species, while canopy openness was negatively related to bat abundance. The
importance of nearby rainforest areas to secondary forest for the persistence of bat
species has also been reported by Castro-Luna et al. (2007), but our study
emphasizes the importance of the proportion of surrounding rainforest as a
mechanism affecting bat assemblage structure in secondary forest areas. This
study describes how continuous rainforest surrounding disturbed areas increases
bat species diversity, and we therefore hypothesize that the larger diversity of bat
species in areas of secondary forest patches enclosed by rainforest results in an
increase in the provision of ecological services, such as dispersal of seeds,
pollination of flowers, and contribution to successional development, as well as

predation of herbivores, triggering important cascading effects.
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Resumen
Estudiamos el ensamble de murciélagos de la familia Phyllostomidae en parches
de vegetacion secundaria dominada por arboles pioneros de Ochroma pyramidale

(Malvaceae) en dos condiciones de vegetacion circundante, aquellos mayormente
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rodeados por una matriz de bosque tropical (>85%), y los rodeados parcialmente
(<35%). Se probaron tres hipétesis: 1) la matriz de bosque tropical que rodea
parches de vegetacion secundaria presenta una mayor diversidad y riqueza de
murciélagos en comparacion con la vegetacion secundaria; 2) la proporcion de
bosque tropical que rodea a la vegetacion secundaria favorece la diversidad,
riqueza y abundancia de murciélagos sensibles al disturbio; y 3) el incremento en
la apertura del dosel disminuye la abundancia de murciélagos. Los sitios de control
de bosque tropical, presentaron la mayor diversidad y riqueza de murciélagos y
contribuyeron mayormente a la diversidad total. En los parches de vegetacion
secundaria mayormente rodeados de bosque tropical se encontré que la
diversidad de murciélagos fue similar a las areas de control de bosque tropical. Sin
embargo, los parches de vegetacion secundaria mayormente rodeados por
bosque tropical presentaron mayor diversidad y riqueza de murciélagos y
contribuyeron a la diversidad total en comparacién con parches de vegetacion
secundaria parcialmente rodeados por bosque tropical. En parches de vegetacion
secundaria parcialmente rodeados dominaron dos especies murciélagos
frugivoros pequenos, caracteristicos de vegetacion secundaria (Carollia sowelli y
Carollia perspicillata). Mientras que en los parches mayormente rodeados las
capturas mostraron la dominancia de dos especies de murciélagos frugivoros
grandes (Artibeus lituratus y Artibeus jamaicensis), tipicos de vegetacion madura
que se alimentan principalmente de higos (Ficus spp.), un arbol abundante del
bosque tropical. La diversidad, riqueza y la contribucion total a la diversidad

estuvieron correlacionadas positivamente con la proporcion de bosque tropical,
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mientras que la abundancia de murciélagos fue negativamente correlacionada con

la apertura de dosel.
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Fig. 1. Schematic layout of the experimental design used in this study. Secondary forest
partially enclosed by control area of tropical rainforest and areas of secondary forest largely

enclosed by control area of tropical rainforest.
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Fig. 3. Rank abundance curves of relative abundance of bat captures for each
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names, with 15! letter for genus and 2" letter for species (Cx, however, represents

Centurio senex).
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Capitulo 111

Efecto de la matriz de selva en la dispersion de semillas por

murciélagos en parches de bosque secundario

Rainforest matrix affects seed dispersal by bats in secondary

forest patches

61



Rainforest Matrix affects Seed Dispersal by Bats in Secondary forest patches

t‘] 4

lvar Vleut'*, Samuel, |. Levy-Tacher', Jorge Galindo-Gonzalez?, Willem F. de

Boer®

' El Colegio De La Frontera Sur (ECOSUR), Carretera Panamericana y Periférico
Sur s/n, Barrio de Maria Auxiliadora, San Cristébal de Las Casas, Chiapas, Mexico
C.P. 29290.

2 |nstituto de Biotecnologia y Ecologia Aplicada (INBIOTECA), Universidad
Veracruzana, Av. Culturas Veracruzanas #101, Colonia E. Zapata, C.P. 91090,

Xalapa, Veracruz, Mexico.

% Resource Ecology Group, Wageningen University, P.O. box 47, 6400 AA

Wageningen, The Netherlands.

*Corresponding author; e-mail: ivar82@yahoo.com, telephone: 011 52

9671302154

Article submitted to Biodiversity and Conservation

62



Abstract

Studies on frugivorous bats have focused on the effect of disturbance on bat
diversity, abundance and their importance as seed dispersers. However, nearby
rainforest, with higher food diversity and abundance, and a higher frugivorous bat
diversity and abundance, can fulfill an important role in facilitating vegetation
development of disturbed areas. To test this assumption we compared the diversity
and abundance of seeds dispersed by bats in rainforest and patches with different
proportions of enclosing rainforests. Furthermore, we related fruit availability with
seed dispersal by frugivorous bats, and analyzed the differences in seed dispersal
of two large (Artibeus lituratus and Artibeus jamaicensis) and two small frugivorous
bats (Carollia perspicillata and Carollia sowelli). Highest diversity of seeds
dispersed by bats was found in rainforest and largely enclosed patches, while
highest richness of seed dispersed was encountered in partially enclosed patches
and rainforest. More bats from rainforest and largely enclosed patches dispersed
late-successional stage seeds than in partially enclosed patches, which fed more
on early-successional stage shrubs. Patches partially enclosed by rainforest had
highest abundances of two small frugivorous bat species that dispersed mainly
early-successional Piper seeds. Two abundant large frugivorous bats encountered
in patches that were largely enclosed by rainforest, dispersed mostly Cecropia
seeds, as well as seeds from late-successional trees such as Ficus spp. A larger
amount of surrounding rainforest facilitates dispersion of late-successional stage
seeds by bats which will contribute to the development from early-successional

secondary forest vegetation towards climax rainforest.
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Key words: Chiroptera; frugivorous bats; matrix habitat; Ochroma pyramidale;

Phyllostomidae; plant succession; spatial configuration.

Introduction

The distribution of frugivorous Phyllostomidae bats, a species-rich family, is highly
abundant in the tropics and regarded more abundant than other mammals groups
(Bonaccorso 1979, Terborgh 1984). Frugivorous bats feed on a variety of fruits,
and can facilitate plant succession by dispersing seeds such as shrubs, vines and
trees of different successional stages, and therefore fulfill an important role by
influencing vegetation changes and recovery (Gorchov et al. 1993, Galindo-
Gonzalez et al. 2000, Lobova and Mori 2004). The abundance and species
richness of these frugivorous bats is positively affected by the presence of
undisturbed rainforest and forest cover (Gorressen and Willig 2004), due to the
higher diversity and greater abundance of resources, such as food and roosting
patches (Fenton et al. 1992, Schulze et al. 2000, Saldafa-Vazquez et al. 2010,
Garcia-Estrada et al. 2011). Some frugivorous bat species prefer to forage nearby
roosts to minimize energy expenditure and predation risk (Heithaus and Fleming
1978). However, with increasing distance between suitable roosts and suitable
foraging habitat, bats are required to forage further away. In areas dominated by
pastures, frugivorous bats efficiently disperse early-successional tree and shrub
seeds between fragments (Guevara and Laborde 1993, Galindo-Gonzalez et al.
2000, Henry and Jouard 2007). Hence, the presence of patches of undisturbed

rainforest could function as an important seed source for the dispersal of seeds
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towards areas of higher disturbance, and thereby facilitate vegetation
development. In a previous study the proportion of rainforest surrounding patches
of secondary forest has been positively related to bat diversity and richness (Vleut
et al. in press). Abundant frugivorous bat species were two relatively small species
(Carollia perspicillata and Carollia sowelli; forearm less than 45 mm, body mass
less than 20 g; Nowak 1991) and were frequently captured in secondary forest
patches partially enclosed by rainforest, and two large frugivorous bats (Artibeus
Jamaicensis and Artibeus lituratus; forearm greater than 48 mm, body mass 44—87
g; Nowak 1991) were more abundant in secondary forest patches largely enclosed
by rainforest and in rainforest (Vleut et al. in press). Small frugivorous bat species
have been recorded frequently in disturbed areas, and their abundance has been
related positively with fruit abundance (Saldana-Vazquez et al. 2010). Large
frugivorous bats feed on large fruits of especially mid-to late-successional plant
species (Kalko et al. 1996, Galindo-Gonzalez et al. 2000) and can therefore fulfill
an important role in the development of early-to mid-successional forest with the
dispersal of fruits of these late-successional plant species.

To analyze the importance of rainforest on seed dispersal by frugivorous bats in
secondary forest with different proportion of surrounding rainforest, we investigated
the richness, diversity and abundance of seeds dispersed by frugivorous bats and
fruit availability in rainforest and in secondary forest patches that are either largely
or partially enclosed by rainforest. We expect that; (1) richness and diversity of
seeds dispersed by bats is higher in rainforest and in secondary forest patches
largely enclosed by rainforest than partially enclosed forest patches and bats ‘diet

is dominated by fruits of mid-to late-successional stage plant species. (2) Fruit
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availability in secondary forest patches positively affects the abundance of bats,
and finally (3) the seed dispersal of the previously mentioned two large frugivorous
bats in rainforest and largely enclosed secondary forest patches is dominated by
fruit of mid-to late-successional plant species, whereas the two small frugivorous
bats, abundant in partially enclosed secondary forest patches, disperse mostly

early-successional stage fruits.

Material and methods

The study was carried out on the margin of the Biosphere reserve Montes Azules,
Chiapas Mexico (16° 46’ 08” N, 91° 08’ 12” W) with an elevation of 350 m above
sea level, The climate is warm-humid with a mean annual temperature of 24.7 °C
and a mean annual precipitation >2000 mm, with most rains falling between June
and October (Pennington and Sarukhan 2005). The local Lacandon farmers have
supported themselves for centuries through methods of slash and burn
agroforestry, in a matrix of tropical rainforest perforated by patches of secondary
forest and agricultural fields (Nations and Nigh 1980, Levy-Tacher and Aguirre
2005, Diemont et al. 2006). The vegetation consists of evergreen rainforest with
dominant species such as Dialium guianense, Brosimum alicastrum, Swietenia

macrophylla, Ficus spp. and Spondias mombin (Miranda 1963).

Study area
The study area comprised of 8 secondary forest patches and 8 tropical rainforest
sites. The 8 secondary forest patches were abandoned 10-15 years ago and were

between 0.5-1.0 ha, dominated by the fast growing pioneer species Ochroma
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pyramidale (Malvaceae). This wind dispersed tree species is often preferred by
farmers, and so seeds are spread during the fallow period accompanied with
weeding of undesired plants to ensure its dominance (Levy-Tacher 2000, Levy-
Tacher and Golicher 2004, Douterlungne et al. 2010). Ochroma pyramidale
shortens the fallow period by facilitating the conversion of secondary forest for
agricultural use (Nations and Nigh 1980, Levy-Tacher 2000), partly because of its
low light wood density of 0.16 g cm® (Byrne and Nagle 1997). The secondary forest
patches dominated by O. pyramidale were classified into two groups, depending on
the proportion of surrounding rainforest; 4 patches were partially (<35%) enclosed
by rainforest, and 4 patches largely enclosed by rainforest (>85%). The proportion
of surrounding rainforest was estimated by dividing the length of the border
connected with rainforest by the total length. When secondary forest patches were
not surrounded by rainforest, they were surrounded by either secondary forest or
agricultural fields. The 8 control sites, each of 1.0 ha, were chosen inside the
rainforest matrix, located in the close vicinity of their respective secondary forest
patches to exclude distance as possible factor affecting bat presence in each
treatment site. More detailed information on study design and study areas can be

found in Vleut et al. (2012).

Fruit availability

The production of fruits was monitored at monthly intervals, prior to each bat
capturing, for all fruit bat food plant species within the study sites, determining and
counting individual trees and shrubs that carried ripe fruits. Food plants were

encountered using line-transect walks of approximately 80 x 3 m, avoiding edges.
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The use of line transects is a practical and efficient method for the estimation of
population densities (Anderson et al. 1979). The assessment of fruit ripeness
proved difficult for certain tree species, therefore we did not count number of fruits,
but counted plants carrying mature fruits for all plant species, which we believe
constitutes a reliable estimation of fruit presence. To minimize alarming roosting
bats, vegetation was not disturbed during the census. We considered all shrubs,
trees and vines with fruits as potential food source for frugivorous bats, according
to seeds from the reference database . Fruit availability was corrected for
differences in patch size and fruits not found in our collection of seeds dispersed by
bats were not considered as part of the diet of frugivorous bats and eliminated from

the analysis.

Bat seed dispersal

From the moment bats get entangled in mist nets they usually defecate in the next
seconds or eventually in the cloth bag in which they were held (Galindo-Gonzalez
et al. 2009). To be able to retrieve information on the seeds dispersed by individual
bats a plastic of 1.4 m wide and 12 m long was placed below each mist net. This is
an efficient technique of collecting seeds (Galindo-Gonzalez et al. 2009), and also
allows for the retrieval of fruits transported by bats. Bats were sampled each month
using 3 (12 x 2.4 m, 36 mm mesh) mist nets per site, set at ground level, starting
0.5 h before sunset until 4 h after, 1 night per site, from April 2010-March 2011.
The time a bat individual needs to defecate can vary between season, habitat or
bat species (Thomas 1988). We therefore kept each individual for a maximum of

30 min in a cloth bag to ensure recovery of all fecal samples per bat as possible.
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Seeds dispersed by bats remain intact through gut transit, enabling plant species
identification (Janzen 1983, Wendeln et al. 2000). The collected fecal samples
were gathered and kept in small paper bags to dry and seeds were then separated
from fruit pulp, insect and possible other fecal remains. When possible, seeds were
identified to species level using a reference database from a previous study in the

same area (Wulms 2009).

Data analysis

We evaluated species richness and diversity of dispersed seeds according to
Shannon (H’) (Krebs 1989) using EstimateS (EstimateS software, Version 7.5,
Copyright R. K. Colwell: http//viceroy.eeb.uconn.edu/estimates, Colwell 2005). The
ICE estimator (Incidence-based Coverage Estimator) was chosen to estimate
species richness, because it has proven to be one of the best richness estimators
for our data characteristics and grain size (Hortal et al. 2006). For each plant
species encountered in the seeds dispersed by frugivorous bats we determined life
form and successional stage in which species is most abundant, based on
previous studies (Greig 1993, Guevara 1997, Levy-Tacher and Aguirre-Rivera
2005, Pennington and Sarukhan 2005). Life form was divided into shrub or tree,
and for each life form the successional stage was determined as early-
successional stage (light demanding plant species) or late-successional species
(shade tolerant plant species) based on tolerance to shade and seed size (Swaine
and Whitmore 1988, Whitmore 1989).

All data was tested for normality using Shapiro and Wilk normality tests. We

attempted a log-transformation if data did not follow a normal distribution. Diversity,
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richness and abundance of seeds dispersed by bats as well as fruit availability and
number of bats dispersing seeds per life form and successional stage were
analyzed for difference between treatments with an ANOVA, followed by Tukey
post-hoc tests for normally distributed data, and a Kruskal-Wallis chi-quadrate test,
followed by Bonferroni corrected Mann-Whitney U post-hoc tests for non-
parametric data. Statistical analyses were conducted in SPSS 17 (SPSS inc 2007).
We applied a non-metric multidimensional scaling (NMDS) to ordinate the
frequency of bats per dispersed seed species per site, based on Bray—Curtis
dissimilarities (e.g. Magurran 2004). We evaluated the ordination using the stress
value, scaled between 0-100 (McCune and Grace 2002). The scores of the first
and second axes were compared among treatments with a MANOVA and Pillai’s
test, both NMDS and MANOVA were carried out in the program R (R Development
Core Team 2006). The relationship between food availability in each secondary
forest and rainforest treatment and the abundance of bats that dispersed these
seeds was tested using linear regression.

We calculated the disperser importance index (Dll) (Galindo-Gonzalez et al. 2000)
for the two small frugivorous and two large frugivorous bats. For each of these bat
species we estimated the relative abundance of captured bats (B) and the
percentage of bat individuals with seeds in fecal samples (S). DIl was S*B/1000,
and ranged from 0 to 10. Fecal samples with at least one seed species were
counted as one event, samples with two seeds species were counted as two

events and so on.

Results
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Bat seed dispersal

From all 2588 bats captures, 2457 were frugivorous (Appendix 1), we collected
1065 fecal samples, with seeds belonging to 28 plant species, nine of which could
not be identified, and three only identified to genus level. A total of 28 fruits from
eight plant species were also collected, carried by bats.

Bat seed dispersal richness (ICE) was lowest in largely enclosed patches
(x*3.188=65.084, P < 0.001; Fig. 1a), while diversity of the seed dispersed was
lowest in partially enclosed patches (Shannon-Wiener H’; )(23,188 =27.766, P <
0.001; Fig1b). The number of bats that dispersed seeds was similar among
conditions ()(23,188 =6.566, P =0.087; Fig. 1c).

The NMDS ordination analysis of the sites, based on the frequency of bats per
dispersed seed species (Fig. 2), was achieved within 3 runs of the data, and
resulted in a low stress value of 8.542. The first axis successfully separated the
partially enclosed sites from the largely enclosed sites (F15 = 54.141, P < 0.001)
and rainforest sites surrounding the partially enclosed patches (F1 = 14.549, P <
0.001).

The number of frugivorous bats which dispersed seeds from early-successional
trees was not different among treatments (x?s 1ss = 2.779, P = 0.427), which was
also the case for late-successional shrubs (x*s 1gs = 5.697, P = 0.127; Table 1).
More early-successional shrubs were dispersed in partially enclosed patches
(x*s.188 = 21.738, p < 0.001), and the abundance of bats dispersing late-
successional seeds was highest in control, followed by largely enclosed patches
and lowest abundance in partially enclosed patches ()(23,188 = 33.982, P <0.001).

The seeds dispersed by the two large and two small most abundant frugivorous
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bat species differed per bat species and consisted of a total of 28 plant species
(Table 2). C. sowelli dispersed seeds from 16 different plant species, mostly Piper
aduncum and P. auritum, rather similar to the diet of C. perspicillata with 14
different plant species. Artibeus lituratus dispersed seeds from 15 different plant
species, dominated by Cecropia obtusifolia. Artibeus jamaicensis, with 9 different

plant species in its diet, fed mostly on C. obtusifolia and Ficus maxima.

Fruit availability

The fruit availability in the secondary forest patches consisted of only four shrub
species: Piper auritum, P. aduncum, P. hispidum, P. aeruginosibaccum, and one
tree C. obtusifolia. All of these species were available in partially enclosed patches,
while P. aduncum and P. auritum with available fruits were not found in largely
enclosed patches. Food availability of P. hispidum (Z = -1.851, P =0.064, N = 96),
P. aeruginosibaccum (Z=-1.611, P = 0.107, N = 96), and C. obtusifolia (Z = -0.373,
p =0.709, N = 96) were not different between partially and largely enclosed
patches.

Ficus maxima, Brosinum alicastrum and Quararibea funebris were the fruit bearing
trees in rainforests surrounding forest patches that were partially enclosed,
whereas Ficus americana, Ficus maxima and Calophyllum brasiliense var.j. were
more abundant in rainforest surrounding forest patches that were largely enclosed.
Ficus maxima (Z =-1.000, P = 0.317, N = 96) fruit availability was available and
similar between both rainforest, same as late-successional shrub species Piper
aeruginosibaccum (Z = -0.251, P =0.802, N = 96) and Piper aequale (Z = -0.319,

P =0.750, N = 96).
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Relation of fruit availability and bat abundance

In partially enclosed patches, the availability of fruit and the number of bats
dispersing their seeds was positively correlated for P. aduncum (R*= 0.153,

t1 46=2.880, P=0.006) and P. aeruginosibaccum (R*=0.207, t1.46=3.464, P=0.001).
The availability of C. obtusifolia (R*=0.007, t; 46=0.556, P=0.574), P. auritum
(R?=0.02, t1 46=-0.974, P=0.335) and P. hispidum (R*=0.048, t; 46=1.524, P=0.134)
was not correlated with the abundance of bats dispersing their seeds in these
partially enclosed sites. However, in largely enclosed patches there was a positive
correlation between C. obtusifolia availability and the number of bats dispersing
these fruits (R°=0.307, t;46=2.189, P=0.034). In largely enclosed patches P.
aeruginosibaccum fruit availability was positively related with the number of bats
dispersing seeds of these fruits (R*=0.122, t;46=2.524, P=0.015), whereas no such
correlation could be found for P. hispidum (R*=0.072, t; 46=1.888, P=0.065).

Both Carollia species abundances were not related with the fruit availability of P.
auritum in partially enclosed patches. However, a positive relation between C.
sowelli and P. aduncum fruit was found in partially enclosed patches (R*=0.083,
t1.46=2.037, P=0.047), similar to the increasing abundance of C. perspicillata
(R*=0.213, t146=3.527, P=0.001). Increasing P. hispidum fruit availability caused an
increase in both C. perspicillata (R*=0.245, t, 46=3.862, P<0.001) and C. sowelli
(R?=0.138, t; 46=2.715, P=0.009). Carollia perspicillata was also positively
correlated with the fruit availability of P. aeruginosibaccum (R?=0.397, t; 46=5.507,
P<0.001). Both A. jamaicensis and A. lituratus were not related with the fruit
availability of C. obtusifolia in partially enclosed patches.

In largely enclosed patches, P. hispidum fruit availability was positively related with
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abundance of C. sowelli (R*= 0.158, t; 46 = 2.964, p = 0.005), whereas P.
aeruginosibaccum fruit availability was positively correlated with C. perspicillata (R
=0.397, t146 = 5.507, P < 0.001). A. lituratus abundance was the only bat species
positively correlated with the fruit availability of C. obtusifolia (R*= 0.139, t; 46 =
2.703, P =0.009) in largely enclosed patches.

The fruit availability of late-successional trees in rainforest surrounding partially
enclosed or largely enclosed patches presented insufficient number of
observations to be able to compute a linear regression between fruit availability
and number of bats dispersing their seeds. However, in both rainforest treatments
surrounding partially enclosed and largely enclosed P. aeruginosibaccum fruit
availability was positively correlated with the number of bats dispersing their seeds
(R?=0.105, t1 4= 2.323, P = 0.025 and R*= 0.207, t; 46 = 3.464, P = 0.001
respectively).

Only the abundance of C. perspicillata was positively related with the increase in
abundance of P. aeruginosibaccum in both rainforest treatments surrounding
partially and largely enclosed (R?= 0.127, t; 4= 2.581, P = 0.013 and R*= 0.308,
t146=4.524, P < 0.001 respectively). The increase in abundance in P. aequale
proved not to be related with either C. perspicillata or Carollia sowelli in both
rainforest treatments.

Carollia perspicillata (DII=2.92) and C. sowelli (DI1=1.95) were the most important
dispersers (Table 3). Highest values of seed disperser importance were registered
for partially enclosed forest patches ((DI1=5.11), followed by largely enclosed forest

patches (DI1=3.55).
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Discussion

Our results show that the frequency of dispersion by bats per seed species
successfully separated partially enclosed patches from largely enclosed patches
and rainforest sites in the ordination, suggesting the higher similarity in seed
species dispersed in rainforest and largely enclosed forest patches. The highest
diversity in seeds dispersed by frugivorous bats in both tropical rainforest and
largely enclosed forest patches, however, richness of dispersed seed species was
lowest in largely enclosed patches. Bat seed dispersal diversity and richness can
potentially affect dynamics and the floristic composition of forests of different
successional stages. Seed richness was higher in partially than largely enclosed
forest patches, probably due to the high species richness in the seeds dispersed
by both Carollia bat species, but included mostly seed species which were found
dispersed by only a small amount of bats. The diversity of dispersed seeds was
higher in largely enclosed patches which suggest that although the number of seed
species dispersed is lower, the evenness among the seed species dispersed by
bats was higher. Since frugivorous bats have a tendency to feed on fruits from
mostly early successional plant species (Medellin & Gaona 1999, Galindo-
Gonzalez et al. 2000), it is possible that the mosaic secondary forests and
agricultural fields surrounding the partially enclosed forest patches provide a higher
richness of available fruit species, in contrast to patches largely surrounded by
rainforest, explaining lower species richness of dispersed seeds in these patches.
The highest richness and diversity of seed dispersed by bats captured in rainforest

sites is probably due to the fact that they provide roosting opportunities for most
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frugivorous bat species and therefore rainforest is a common route for frugivorous
bat movement (Kunz y Lumsden 2003, Rodriguez-Herrera et al. 2007).

In both secondary forest patches as well as control rainforest, the seeds dispersed
by frugivorous bats comprised mostly of early-successional shrub and tree species.
Bat species that disperse early-successional shrub and tree seeds can contribute
to a rapid development of early secondary forests (Medellin and Gaona 1999).
Longevity is usually short in early-successional stage trees and shrubs, and over
time these species will be replaced by shade-tolerant late-successional tree
species (Guariguata and Ostertag 2001), which can be dispersed by larger
frugivorous bats.

The number of bats that dispersed late-successional stage tree seeds was
significantly higher in largely enclosed patches than in partially enclosed patches.
Hence, the amount of surrounding rainforest positively affected the number of
frugivorous bats dispersing seeds from late-successional trees in secondary forest,
even though fruits from these trees were not recorded in either largely enclosed or
partially enclosed patches.

The secondary forest patches of this study were dominated by O. pyramidale, a
fast growing species with an average life span of >20 yr, highly preferred by
indigenous farmers for the rapid conversion of agricultural land, without being used
for timber or non-timber products (Douterlungne et al. 2010). Their fruits are not
eaten by bats, but their flowers are pollinated by nectarivorous bats (Heithaus et al.
1975, Tschapka 2004). After 12 yrs O. pyramidale will slowly disappear from the
canopy and other species start dominating the secondary forest. Without the

colonization of late-successional tree species, early-successional light demanding
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tree species can benefit from the increased light exposure with disappearing O.
pyramidale.

In both rainforest and largely enclosed forest patches two large frugivorous bats, A.
lituratus and A. jamaicensis, were highly abundant, both species were encountered
dispersing seeds of mid-to late-successional plant species, important for the
successional development of secondary forest areas. Their importance as
dispersers varied between treatments, but was higher for both species in control
rainforest and largely enclosed patches than in partially enclosed patches (Table
3). Both species were thought to be Ficus spp. specialists (Fleming 1986), but
have since been found to be more generalist frugivorous bats, with their diet
consisting of mainly Cecropia (Passos and Passamani 2003, Da Silva et al. 2008).
In our study A. lituratus seemed to specialize in Cecropia fruits, representing more
than 50% of its diet. The fruit species important in the diet of A. jamaicensis were
more diverse, including both Cecropia species and several Ficus species. Both
large frugivorous bat species were frequently captured in largely enclosed patches,
where Artibeus lituratus captures increased with increasing fruit availability of C.
obtusifolia. These secondary forest patches surrounded by rainforest probably
functioned as an alternative for both large frugivorous bat species in periods of low
Ficus fruit abundance, due to the large proportion of surrounding rainforest with
almost year round availability of C. obtusifolia fruits (Estrada and Coates-Estrada
1985). Artibeus jamaicensis and A. lituratus have a diverse diet consisting of
species from different successional stages and their contribution to mid-to late-
successional development can therefore be considered high in comparison with

bat species such as Carollia spp. Moreover, the dispersal of seeds and the diet
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range by both bat species from late-successional stage plants is probably
underestimated (Lobova et al. 2009), since many late-successional stage tree fruits
include large seeds, which frugivorous bats are unable to swallow, and therefore
can only be recorded from bats carrying the fruits when captured.

The two small frugivorous species, C. sowelli and C. persicillata, were the most
important dispersers especially in partially enclosed patches. Their diet consisted
of mainly Piper fruits (Fleming 1991, Thies and Kalko 2004, Voight et al. 2012), a
species that is found abundantly in open areas in dense clusters, typical for the
early- to medium successional stages of secondary forests (Alvarez-Buylla Roces
1997). Although there are several Piper species that are shade tolerant (P.
hispidum and P. aeruginosibaccum; Greig 1993) in the diet of Carollia, the most
abundant plant species dispersed by Carollia were early-successional shrub
species P. aduncum and P. auritum (Greig 1993).

The fruit availability from two of the four Piper species was positively correlated
with number of bats dispersing these seeds in partially enclosed patches, in
contrast to only one Piper species in largely enclosed patches. Partially enclosed
patches were mostly surrounded by early-to mid-successional stage forest
patches, where Piper fruits are abundant (Greig 1993) and therefore increasing
fruit availability. Carollia bat species face a cost/benefit trade-off between food
abundance, foraging energy and sufficient canopy cover to avoid predators
(Heithaus and Fleming 1978, Russo et al. 2007). A mosaic of different
successional stage forest patches can amplify the foraging area, and increase
refuge opportunities. Rainforest probably not only provides refuge opportunities, it

also supplies fruit availability, such as P. aeruginosibaccum which abundance was

78



not only related with overall frugivorous bats dispersing their seeds in general, but
also related with C. perspicillata abundance. Piper late-successional shrub fruit
availability could serve as an alternative for preferred earlier-successional fruit
plants P. aduncum and P. auritum.

Frugivorous bat abundance was not related with the availability of fruit presence of
trees in the rainforest sites. This can be partially explained by the method of fruit
presence estimation; we counted the number of individual trees with fruit presence,
instead of counting mature fruits per plant individual. This might function as an
appropriate method for shrubs and trees of small-seeded fruits, with a clumped
distribution pattern and a “steady state”, low but constant fruit production of Piper
and Cecropia plant species, but in the case of tree species such as Ficus or other
late-successional tree species with a “big bang” fruit production several times a
year, a patchy distribution (Gentry 1974, Fleming and Heithaus 1981, Fleming et
al. 1987, Dumont 2003), this method might not appropriately quantify fruit
availability.

In conclusion, the proportion of surrounding tropical rainforest positively affects
diversity of seed dispersal and seed dispersal of mid-to late-successional stage
fruits. Seeds of these plant species can facilitate the development of secondary
forest patches towards older successional stages. Secondary forest patches with a
relative small proportion of surrounding tropical rainforest attract bat species with a
diet that holds a higher richness of dispersed seeds, but these seeds represented

plant species of early-successional stage succession.
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Table 1. Mean abundance (+ AAD (average of absolute deviation)) of all

frugivorous bats that dispersed seeds categorized per life form (tree and shrub)

and successional stage (early or late). Differences between treatments are

expressed by different bold letters, based on Kruskal-Wallis and post hoc Mann-

Whitney U test with Bonferroni correction.

Partially enclosed

Largely enclosed

Control Control
Forest patch rainforest Forest patch rainforest
Early successional trees 098 = 0.98 113 £ 1.30 1.77 = 1.92 1.92 + 2.03
Early successional shrubs 544 + 3.96 246 = 230 271 £ 1.73 1.88 £+ 1.65
Late successional trees 0.10 = 0.19 1.08 = 1.01 0.38 = 0.53 1.35 + 1.39
Late successional shrubs 0.33 + 0.51 0.177 + 0.31 0.23 = 0.39 0.13 + 0.23

90



Successional Bat species

stage Life

Plant species form C.s. C.p. A.J Al

N % N % N % N %
Brosimum alicastrum™ Late Tree O 0 O O O o 8 4
Calophyllum brasiliense var.j*  Late Tree o 0o o o o0 o 2 1
Cecropia obtusifolia Early Tree 9 4 15 5 22 26 94 50
Cecropia peltata Early Tree 3 1 15 5 12 14 19 10
Ficus maxima Late Tree 0O 0 O 0 26 31 13 7
Ficus americana Late Tree 0O 0O O 0 12 14 12 6
Ficus spp 1 Late Tree O 0 O O 5 6 1 1
Ficus spp 2 Late Tree O 0 O 0 4 &5 21 11
Piper aduncum Early Shrub 565 23 86 28 1 1 1 1
Piper aeruginosibaccum Late Shrub 9 4 26 8 0 0 1 1
Piper auritum Early Shrub 88 37 89 29 1 1 5 3
Piper hispidum Late Shrub 37 16 50 16 2 2 2 1
Piper umbellata Early Shrub 7 3 4 1 0 0 O 0
Piper aequale Late shrub 1 o 3 1 0 0 O 0
Prunus salicifolia Early Tree o 0o 2 1 0 0 2 1
Quararibea funebris* Late Tree O 0 O O o 0 5 3
Family Solanacea 1 Early Shrub 0 0 O O 0 O O 0
Family Solanacea 2 Early Shrub 0 0 O O O O 1 1
Solanum erianthum Early Shrub 12 5 13 4 0 0 O 0
Solanum torvum Early Shrub 4 2 0 0 O O O 0
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Spp uni.1

Spp uni.2 2 1 0 0 0 0 O 0
Spp uni.3 1 O 0 O O0o 0 O 0
Spp uni.4 O 0 2 1 0 0 O 0
Spp uni.5 o 0 1 0 0 0 O 0
Spp uni.6 311 0 0 0 O 0
Spp uni.7 1 0 0O O O O O 0
Spp uni.8 3 1 5 2 0 0 O 0
Total 236 312 85 187

Total species 16 14 9 15

Table 2. Number of plant species registered from bat seeds dispersed by the four
most abundant bat species (C. s. = Carollia sowelli. C. p. = Carollia perspicillata. A.
J. = Artibeus jamaicensis and A. I. = A. lituratus). Successional categories and life
form follows Greig (1993), Guevara (1997), Levy-Tacher and Aguirre-Rivera

(2005), Pennington and Sarukhan (2005). *shows fruits only found carried by bats.
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DII

1 2 3 4
C.s. 195 0.58 1.13 0.67
C. p. 292 1.04 132 0.63
A.j. 0.07 094 064 1.15
Al 0.07 030 045 0.59
Total 5.01 2.86 3.85 3.04

Table 3. Disperser Importance Index (Dll) values of two small and two large

frugivorous bat species per treatment (1= partially enclosed patch, 2=control

rainforest, 3=largely enclosed patch, 4= control rainforest) per bat species (C. s. =

Carollia sowelli, C. p. = Carollia perspicillata, A. j. = Artibeus jamaicensis and A. I. =

A. lituratus).
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Appendix 1 Number of captures per frugivorous bat species per treatment.

Partially enclosed

Largely enclosed

% of
Species Forest patch Rainforest Forest patch Rainforest Total total
Artibeus jamaicensis 19 138 81 171 409 16.65
Artibeus lituratus 15 181 93 155 444 18.07
Artibeus phaeotis 25 27 21 26 99 4.03
Artibeus toltecus 4 5 9 4 22 0.90
Artibeus watsoni 10 24 24 20 78 3.17
Carollia perspicillata 185 80 90 109 464 18.88
Carollia sowelli 150 87 70 75 382 15.55
Centurio senex 5 8 3 16 0.65
Chiroderma villosum 2 0.08
Glossophaga
commissarisi 13 35 21 26 95 3.87
Glossophaga soricina 17 23 29 54 123 5.01
Lichonycteris obscura 1 1 0.04
Phyllostomus discolor 17 12 33 1.34
Phyllostomus stenops 1 3 0.12
Platyrrhinus helleri 4 6 8 23 0.94
Sturnira lilium 87 44 53 35 219 8.91
Uroderma bilobatum 8 26 1.06
Vampyressa pusilla 3 11 0.45
Vampyrodes caracciolii 2 7 0.28
Total 537 692 515 713 2457
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Capitulo IV

Discusion general
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Discusién

En los terrenos comunales de Lacanha, a nivel de paisaje existe una matriz de
selva, con una variedad de bosques secundarios de diferentes etapas
sucesionales y areas agricolas, que podrian permitir una alta diversidad biolégica
segun la hipétesis de disturbio intermedio (HDI). En este sentido la diversidad de
murciélagos podria ser favorecida en un paisaje constituido por una matriz de
selva perforada por parches con distintos niveles de disturbio. La cercania de
estas condiciones permite que la gran mayoria de murciélagos se refugien en la
selva, desde donde pueden dirigirse a sus areas de forrajeo segun su preferencia
alimenticia.

Nuestros resultados se restringen a estudios a nivel de parcela donde se encontro
una alta diversidad en una condicion de bajo disturbio. Esta alta diversidad en la
selva podria responder a la influencia de los parches de diferentes etapas
sucesionales aledanos a esta, que permiten el mantenimiento de especies de

murciélagos dependientes de areas con mayor disturbio.

La comunidad de murciélagos en la selva

En la primera parte de la investigacion se encontré la mayor diversidad y riqueza
de murciélagos en la selva, el area de menor nivel de disturbio. Las especies de
murciélagos mas abundantes en esta condicion fueron Artibeus jamaicensis 'y
Artibeus lituratus, reconocidas por su capacidad de adaptarse a paisajes
transformados, aprovechando los frutos disponibles de los arboles aislados
(Fenton et al. 1992, Schulze et al. 2000, Galindo-Gonzalez y Sosa 2003, Galindo-

Gonzalez 2004). Sin embargo, estas especies también pueden ser favorecidas en
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un area predominantemente selvatica al poder alimentarse de los frutos de los
arboles de la etapa sucesional tardia.

Las especies de murciélagos carnivoros-insectivoros son reconocidas como
indicadoras de condiciones pristinas, o de bajo disturbio segun la HDI (Estrada y
Coates-Estrada 2002, Schulze et al. 2000). Estas especies dependen de la selva
por la variedad y abundancia de recursos que esta condicion les ofrece (Gorresen
y Willig 2004). En particular, dos especies de carnivoros-insectivoros de mayor
tamafo, Vampyrum spectrumy Chrotopterus auritus, fueron capturadas
exclusivamente en la selva, mientras que otras especies de carnivoros-
insectivoros mas pequenos, como Mimon bennettii, Trachops cirrhosus y Tonatia
saurophila, también dependen de la selva, pero esporadicamente han sido
encontradas en areas de bosque secundario (Galindo-Gonzalez 2004). El patréon
de ocurrencia de estos murciélagos fue similar en nuestro estudio, pero
unicamente fueron capturados en los parches de bosque secundario con mayor
proporciéon de selva. Es probable que el transito de estas especies por los parches

de bosque secundario sea favorecido cuando la proporcion de selva es alta.

La comunidad de murciélagos en parches de bosque secundarios rodeados
mayormente por selva

La diversidad y abundancia de murciélagos fueron similares en la selva y en los
parches de bosque secundario con mayor proporcion de selva circundante. Sin
embargo, la riqueza y la contribucion a la diversidad total de los murciélagos fue
menor en estos bosques secundarios en relacion a la selva. Las mismas especies

de murciélagos frugivoros encontradas abundantemente en la selva (Artibeus
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Jamaicensis y A. lituratus) también lo fueron en los parches de bosque secundario
mayormente rodeado por selva. Evidentemente, la proporcién de selva favorece el
movimiento de estas especies hacia areas de bosque secundario. El bosque
secundario puede proveer recursos para estas especies y la proporcion de selva
alrededor permite la cercania hacia posibles refugios y perchas mas seguras
(Castro-Luna et al. 2007b, Soriano y Ochoa 2001). El habitat preferencial de estas
especies es la condicion de bajo disturbio, sin embargo pueden aprovechar los

bosques secundarios sin depender de ellos para sobrevivir.

La comunidad de murciélagos en parches de bosque secundarios rodeados
parcialmente por selva

Los parches de bosque secundario con menor proporcion de selva presentaron
menor diversidad, riqueza y contribucién a la diversidad total de los murciélagos
que la selva y los parches de bosque secundario con mayor proporcion de selva
circundante. Se encontré una alta abundancia de pocas especies de murciélagos
como Carollia perspicillata, C. sowelli, y Sturnira lilium, conocidas por su
preferencia alimenticia hacia los frutos de Piperaceae y Solanaceae, generalmente
encontrados en areas abiertas con alto disturbio o de bosque secundario incipiente
(Greig 1993, Fleming 2004, Williams-Guillén y Perfecto 2010). La alta abundancia
de estas pequefas especies de murciélagos probablemente se debe a la mayor
conectividad que existe en los parches parcialmente rodeados por selva con otros
bosques secundarios y areas agricolas. Asi, los murciélagos frugivoros pequefos
son atraidos por las areas de mayor disturbio, debido a que en estas condiciones

abundan sus recursos alimenticios. Estos pequefios murciélagos estan bien

98



adaptados a las condiciones de mayor disturbio con disponibilidad de recursos por
arbustos de etapa sucesional temprana, pero tienen un rango de habitat pequefio,
es decir que su refugio debe estar cercano a multiples areas de forrajeo
(Bonaccorso et al. 2007, Heithaus y Fleming 1978). El habitat preferencial de estas
especies es la condicion de mayor disturbio, sin embargo pueden aprovechar la
selva sin depender de ella para sobrevivir. Este grupo de murciélagos puede ser
un buen ejemplo de las especies favorecidas por el disturbio intermedio, las cuales

permiten el aumento de la diversidad a nivel de paisaje.

Variables estructurales de la vegetacion y la comunidad de murciélagos

Aparte de la proporcién de la selva alrededor de los parches, también las
similitudes o diferencias estructurales de la vegetacion pueden afectar el
movimiento de murciélagos (Gascon et al. 1999). En nuestro caso evaluamos
varios atributos (la apertura de dosel, el area basal, la diversidad, la densidad y la
altura de los arboles) para reconocer las diferencias estructurales entre los
parches de bosque secundario y la selva. Sin embargo, de estas variables sdlo la
apertura del dosel presentd una diferencia significativa, inversamente proporcional
a la abundancia de los murciélagos. Es probable que un dosel mas cerrado
presente una condicidon que brinde una mayor proteccion a los murciélagos de sus
depredadores, asi como una mayor cantidad de lugares de refugio (Evelyn et al.
2003). Al respecto, se desconoce el efecto de la presencia de depredadores sobre
el comportamiento de forrajeo de los murciélagos, y en particular en los tropicos
(Baxter et al. 2006). En regiones templadas existe evidencia de murciélagos

insectivoros que evitan los claros y pasan por sus bordes con cobertura de
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vegetacion para evitar a las aves de presa o murciélagos carnivoros de mayor
tamario (Limpens y Kapteyn 1991, Furlonger et al. 1987, Grindal y Brigham 1999).
En el presente estudio fue posible capturar murciélagos carnivoros como
Vampyrum spectrum 'y Chrotopterus auritus en la selva, que son conocidos por
alimentarse de murciélagos pequefios, y escuchar y capturar buhos en los

bosques secundarios.

El efecto de la matriz de selva sobre la dispersion de semillas por murciélagos
De todos los murciélagos el grupo de los frugivoros fue el mas diverso en cada
una de las distintas condiciones estudiadas. Los murciélagos frugivoros son
importantes dispersores de semillas que contribuyen al desarrollo de la sucesion
vegetal en los ecosistemas tropicales (Muscarella y Fleming 2007). En la segunda
parte de la investigacion se encontré una diversidad mas alta de semillas
dispersadas por murciélagos en selva y parches de bosques secundarios con
mayor proporcién de selva. Sin embargo, la riqueza de semillas dispersadas fue
mayor en selva y parches de bosques secundarios con menor proporcion de selva
circundante. La alta diversidad y riqueza de semillas dispersadas en la selva
probablemente es causada por la alta disponibilidad de refugios y su cercania
hacia areas de forrajeo. Asi, los murciélagos que regresan a su refugio en la selva
transportan una alta variedad de semillas de las distintas etapas sucesionales.
Areas con mayor disturbio, como los parches de bosques secundarios, pueden
ofrecer una alta variedad y disponibilidad de recursos para murciélagos frugivoros
por su predilecciéon hacia frutos de arbustos y arboles de la etapa sucesional

temprana (Galindo-Gonzalez 2003). La disponibilidad de estos frutos es constante
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a lo largo del afio en baja densidad y tienen una distribucion espacial agregada
(Gentry 1974, Fleming y Heithaus 1981). En la selva, la distribucion dispersa de
arboles con frutos y su producciéon masiva provoca que los murciélagos que
forrajean en ellos, normalmente de mayor tamano, viajen grandes distancias para
consumir sus frutos, con lo cual aumenta la probabilidad de que las semillas sean

dispersadas lejos de los arboles parentales.

La mayoria de las semillas dispersadas por los murciélagos frugivoros en todas
las condiciones fueron de arboles y arbustos de la etapa sucesional temprana.
Estos resultados concuerdan con otros estudios sobre la importancia de
murciélagos frugivoros para favorecer la sucesion en areas de etapa sucesional
temprana (Galindo-Gonzalez 2003, Medellin y Gaona 1999, Muscarella y Fleming
2007). En la selva, con mayor disponibilidad de frutos de la etapa sucesional
avanzada, se encontré una mayor cantidad de murciélagos que dispersaron
semillas de especies de la etapa sucesional tardia que en parches de bosque
secundario. Sin embargo, los parches de bosque secundario completamente
rodeado por selva fueron positivamente afectados por la selva, y se encontré una
mayor dispersion de semillas de esta etapa sucesional por los murciélagos
frugivoros que en parches de bosque secundario con menor proporcion de selva
alrededor. De esta manera, la proporcién de selva afectd positivamente a la
cantidad de murciélagos que dispersan semillas de especies tardias hacia el
bosque secundario mayormente rodeado. Este proceso adquiere mayor relevancia
tomando en cuenta que en ninguna de las dos condiciones de bosque secundario

se registraron arboles de fases sucesionales tardias.
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Murciélagos dispersores de semillas en selva y bosque secundario mayormente
rodeado por selva

Las especies Artibeus lituratus y A. jamaicensis fueron las mas abundantes y las
principales dispersoras de semillas en la selva y parches de bosque secundario
mayormente rodeado por selva. Estas especies han sido encontradas como
especialistas consumidoras de frutos de Ficus spp. (Fleming 1986), pero
ultimamente fueron clasificadas como generalistas, al incluir en su dieta frutos de
Cecropia (Passos y Passamani 2003, Da Silva et al. 2008). Para estos
murciélagos grandes la disponibilidad de frutos de C. obtusifolia puede funcionar
como una alternativa en periodos de baja abundancia de frutos de Ficus spp.,
debido a que C. obtusifolia cuenta con una disponibilidad de frutos casi todo el afio
en los parches de bosque secundario (Estrada y Coates-Estrada 1985). En
nuestro estudio, C. obtusifolia fue el arbol mas dispersado por A. lituratus 'y en
menor proporcion lo hizo con Ficus maxima, Ficus americana y dos otras especies
de Ficus, en contraste con A. jamaicensis que dispersaron mas del 50% de frutos
de Ficus spp. Artibeus jamaicensis y A. lituratus dispersaron semillas de especies
de arboles de diferentes etapas sucesionales (Cecropia, Ficus spp, Brosimum
alicastrum, Quararibea funebris), y por lo tanto sus contribuciones hacia el
desarrollo de bosques de diferentes etapas sucesionales puede ser considerado
mayor en comparacion con la dispersion de semillas por parte de las especies del

género Carollia.
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Murciélagos dispersores de semillas en bosque secundario parcialmente rodeado
por selva

Dos murciélagos pequefios (Carollia sowelliy C. perspicillata) fueron los
dispersores mas importantes en el bosque secundario parcialmente rodeado por
selva. Su dieta consistié de semillas de Pipery aunque varias especies de este
género son tolerantes a la sombra (P. hispidum 'y P. aeruginosibaccum; Greig
1993), las especies de Piper mas dispersadas por estos murciélagos fueron P.
aduncumy P. auritum, arbustos propios de etapas sucesionales tempranas (Greig
1993). La abundancia de plantas con frutos maduros de estas dos especies de
Piper estuvo positivamente relacionada con la cantidad de murciélagos
dispersores de estas semillas en parches parcialmente rodeados por selva.
Debemos considerar que estos parches y su entorno (areas agricolas y bosque
secundario), son una amplia y abundante fuente de forrajeo para las especies de
Carollia. Estas dos especies han sido encontradas a lo largo de distintas etapas
sucesionales, con un mayor abundancia en etapas intermedias (Medellin et al.
2000, Castro-Luna et al. 2007, de la Pena et al. 2012). Asi, es probable que la
presencia de estas especies en un sitio no sélo dependera de la abundancia de
alimento, sino también de la cobertura de dosel para disminuir la posibilidad de
depredacion o la distancia entre areas de forrajeo y refugio. Estos factores
sumados a otros mas pueden reducir el costo energético (Heithaus y Fleming

1978), prefiriendo el area de forrajeo mas cercana al refugio.

El manejo tradicional Lacandon y las aplicaciones para la restauracion

El manejo tradicional de los recursos naturales por los lacandones implica un
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conocimiento detallado de la flora y fauna y sus interacciones, a partir del cual han
manejado la selva por generaciones sin destruirla (Nations y Nigh 1980, De Vos
1988). El fomento de la diversidad mediante practicas tradicionales lacandonas es
evidente en sus esquemas de produccion, asi como en las acciones para la
restauracion de areas degradadas (Nations y Nigh 1980, Aronson et al. 2007,
Douterlungne et al. 2010). A partir de nuestros resultados podemos concluir que la
vegetacion en los terrenos comunales de Lacanha-Chansayab, resultante de su
aprovechamiento mediante el sistema de rtq, genera un paisaje humanizado de
disturbio intermedio que permite la presencia de una alta diversidad de
murciélagos y la dispersion de semillas de varias especies; gran parte de ellas,
arbustos y arboles de la selva neotropical, dependen de los frugivoros para la
dispersién de sus semillas (Howe y Smallwood 1982). Desde esta perspectiva,

la dispersiéon de semillas por murciélagos del proceso puede considerarse como
un elemento que favorece o acelera la regeneracion en los bosques secundarios
(Elliot et al. en prensa). Para entender la importancia que puede tener la
dispersion de semillas en la restauracion de areas degradadas, se requiere
conocer a sus dispersores y las caracteristicas de la vegetacion que los sustenta
(Wunderle 1997). La llegada de dispersores y por lo tanto su contribucion para la
regeneracion depende de la complejidad, estructura, composicion y disponibilidad
de recursos del entorno vegetal en que habitan (Wunderle 1997). También la
configuracion del paisaje, la distribucion espacial de las areas en diferentes etapas
sucesionales, puede ser un factor importante en el desplazamiento de estos
dispersores de semillas, sin embargo, aun existe poca evidencia al respecto

(Castro-Luna et al. 2007, Vargas-Contreras et al. 2009). En este estudio se
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encontré que la mayor proporcion de selva alrededor de los bosques secundarios
puede proveer refugios y recursos alimenticios importantes para los murciélagos,
asi como favorecer la dispersiéon de semillas de especies de etapas sucesionales
avanzadas. La cercania y proporcién de selva alrededor los bosques secundarios
permiten que especies de murciélagos como Artibeus pero tambien Sturnira'y
Carollia, con una alta diversidad alimenticia, tengan el potencial de contribuir al
enriquecimiento floristico en areas degradadas o dafiadas y ayudar a acelerar el
proceso de sucesion en los bosques secundarios. Estudios como éste, enfocados
a evaluar la dispersion de semillas en areas degradadas con diferentes
proporciones de selva, representan un primer paso para reconocer la importancia
de la selva para promover el movimiento de murciélagos y la dispersion de

semillas en bosques secundarios en proceso de sucesion.

Los parches de bosque secundario fueron dominados por arboles de O.
pyramidale, una especie con caracteristicas estructurales especificas, como una
copa angosta y pocas ramas creando un dosel relativamente abierto (Galia-Selaya
et al. 2008). El dosel abierto puede favorecer la entrada de luz hacia el
sotobosque, promoviendo el crecimiento de arbustos con alimento para varias
especies de murciélagos frugivoros (ej. Piperaceae y Solonaceae); ademas el
néctar de las flores de O. pyramidale se conoce como un recurso importante para
varias especies de murciélagos nectarivoros (Heithaus et al. 1975, Tschapka
2004). Sin embargo, se requiere la comparacién de la comunidad de murciélagos
en bosques secundarios dominados por O. pyramidale con bosques secundarios

sin dominancia de esta especie para poder entender el efecto de las
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caracteristicas estructurales especificas y la disponibilidad de recursos sobre el

movimiento de los murciélagos.

Factores determinantes en la comunidad de murciélagos

Una matriz de selva con parches de bosque secundario, genera un paisaje
heterogéneo el cual implica una serie de factores determinantes para el
movimiento de los murciélagos. En primera instancia, esta condicién puede
aumentar la cantidad de nichos para los murciélagos en comparacioén con un area
homogénea de selva o de pastizal (Castro-Luna et al. 2007a). La mayor
proporcion de selva alrededor de estos parches, es otro factor importante que
afecta positivamente la diversidad y riqueza de murciélagos en los parches de
bosque secundario. Por otra parte, el bosque secundario no resulté ser un
obstaculo o factor determinante para la mayoria de las especies murciélagos
encontrados, siempre y cuando el parche estuviera rodeado mayormente por
selva. Anteriormente se ha mencionado la importancia de la estructura 'y
composicion de la vegetacion como factores que determinan la comunidad de
murciélagos en un area dada (Crome y Richards 1988, Medellin et al. 2000, Kalko
y Handley 2001, Gorresen y Willig 2004, Ford et al. 2005, Castro-Luna et al. 2007).
Aunque se encontraron diferencias estructurales entre los sitios de la selva y los
parches de bosque secundario, solo la apertura del dosel resulté de ser
determinante en la abundancia de murciélagos. Sin embargo, hay que considerar
que las diferencias estructurales entre los parches de selva y bosque secundario
podrian requerir de muestreos mas amplios para poder encontrar una relaciéon

entre estas variables y la comunidad de murciélagos. Por lo tanto se requiere
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ampliar el estudio sobre la importancia de la proporcion de selva para bosque
secundario dentro de un espectro sucesional mayor.

Los parches de bosque secundario presentaron una diversidad y riqueza de
disponibilidad de frutos que coincidieron con las especies que fueron dispersadas
por los murciélagos frugivoros y que no fueron encontradas en la selva. La
disponibilidad de estos frutos permiti6 una mayor abundancia de varias especies
de murciélagos frugivoros como Carollia en los parches de bosque secundario.
Aparte de este estudio, pocos han encontrado la importancia que puede tener la
disponibilidad de frutos como factor determinante para los murciélagos frugivoros
(Vargas-Contreras 2009).

Conclusiones

La comunidad de Lacanha-Chansayab cuenta con un paisaje que consiste de una
matriz de selva interrumpida por pequefas perforaciones o parches de areas
agricolas y de bosque secundario en diferentes etapas sucesionales. Esta
condicién es singular y exclusiva en el contexto regional y permite que prevalezca
un disturbio intermedio que promueve una alta diversidad de murciélagos. En
particular, la selva de Lacanha, cuenta con una mayor diversidad, riqueza y
contribucion a la diversidad total de los murciélagos en relacién con los bosques
secundarios. Ademas, la proporcion de selva alrededor de los parches de bosque
secundario afectd positivamente la diversidad, riqueza y contribucion a la
diversidad total de los murciélagos. El movimiento de las especies raras (escasas
o infrecuentes) de murciélagos, dependientes de la selva hacia parches de bosque

secundario, fue favorecido por la proporcion de selva en torno a los bosques

107



secundarios. La apertura del dosel fue mayor en los bosques secundarios, lo cual

afectd negativamente la abundancia de murciélagos.

La proporcion de selva alrededor de los bosques secundarios no solo afecto la
diversidad y riqueza de murciélagos, sino también facilité el paso de frugivoros
grandes, capaces de dispersar semillas de arboles de la etapa sucesional tardia
hacia los bosques secundarios. La dispersién de semillas por los murciélagos
pequefos en areas con menor proporcion de selva fue dominada por especies de
etapas sucesionales tempranas. Es probable que el desarrollo sucesional sea

favorecido por estos dos procesos.

Recomendaciones

El uso de redes de niebla en el sotobosque es una técnica efectiva y recomendada
para la captura de murciélagos frugivoros. Esta técnica ademas de ser sencilla en
su aplicacion, permite llevar a cabo comparaciones entre diferentes estudios
(Medellin et al. 2000, Schulze et al. 2000, Castro-Luna et al. 2007a). Sin embargo,
es posible que las estimaciones de la diversidad y abundancia que realizamos
estén sesgadas hacia los murciélagos de la familia Phyllostomidae, debido a que
otras familias de murciélagos son capaces de evadir las redes del sotobosque, por
lo tanto es posible que el uso del muestreo acustico y redes del dosel podrian
ayudar a tener una mejor estimacioén de la riqueza, diversidad y abundancia de
murciélagos. Con el propdsito de reconocer la importancia de la selva para estos
grupos de murciélagos, se recomienda ademas enfocar los muestreos en los

murciélagos insectivoros y nectarivoros, y su contribucién hacia el control de
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insectos herbivoros y polinizadores en parches de bosque secundario

parcialmente y completamente rodeado por selva.

Todavia no existe un método estandarizado para la estimacion de disponibilidad
de frutos para murciélagos. En este estudio aplicamos un método de conteo de
plantas con frutos maduros, que resulté apropiado para arbustos y arboles de
frutos con semillas pequenas, con una distribucion agrupada y una produccion
constante de frutos como son las especies de los géneros Pipery Cecropia. Sin
embargo, este procedimiento resulté inadecuado para la estimacion de la
disponibilidad de alimento de frutos de arboles con una distribucion mas dispersa y
una produccion masiva de frutos en periodos cortos, como se presenta en los
arboles de especies de la etapa sucesional tardia (Gentry 1974, Fleming y
Heithaus 1981, Fleming et al. 1987). Por lo tanto se recomienda que el método
para estimar disponibilidad de frutos para murciélagos tome en cuenta las
interacciones entre una o dos especies de murciélagos y una o dos especies de

plantas, considerando a su vez su distribucién y produccion de frutos.

La conservacién de grandes areas de selva permite la abundancia de refugios y
recursos que puede mantener una alta diversidad de murciélagos (Fenton et al.
1992, Schulze et al. 2000, Garcia-Estrada et al. 2011). La conversion de pequeias
superficies de selva en areas de mayor disturbio, permite la creacion de nichos
que favorecen la diversidad de murciélagos y los servicios ambientales que ellos
proveen. El paisaje en la comunidad de Lacanha es poco comun en el contexto

regional y por lo tanto las recomendaciones que se derivan de esta investigacion,
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dificilmente seran aplicables para paisajes con mayor disturbio. Sin embargo,
nuestros resultados muestran la importancia que tiene la conservacion y
restauracion de areas con vegetacion madura para mantener y brindar areas de
refugio y forrajeo para los murciélagos, y a su vez contar con una fuente de
semillas de especies sucesionales intermedias y tardias que puedan ser
dispersadas por los murciélagos en areas de mayor disturbio.

El paisaje en las comunidades alrededor del area de estudio ha sido fragmentado
por los sistemas de produccion intensivos de ganaderia, limitando areas de
forrajeo y posibilidades de refugio para los murciélagos. Aparte de la importancia
de conservar fragmentos de selva, que brindan refugios y areas de forrajeo, se
recomienda la restauracion de areas degradadas cercanas a estos fragmentos de
selva, con el uso de especies de arbustos y arboles con disponibilidad de frutos
para los murciélagos frugivoros. Asi, la cercania de la selva hacia las areas de
restauracion puede facilitar la llegada de murciélagos frugivoros pero también
incrementar la dispersidon de semillas por ellos. El pasado nos ha mostrado que la
restauracion con la siembra de arboles por si sola no es suficiente (CONAFOR
2012). Ademas, la falta de conectividad en el paisaje y la fuente de semillas
pueden limitar gravemente la regeneracion de especies nativas en comunidades
degradadas (Bakker & Berendse 1999). Por lo tanto, se requiere el desarrollo de
estrategias como la siembra de plantas con disponibilidad de alimento para los
murciélagos, pero también la colocacién de refugios artificiales cerca de las areas
degradadas y areas de restauracion para promover el movimiento de dispersores
y polinizadores en el paisaje, capaces de promover procesos centrales para el

desarrollo de la sucesién de areas degradadas (Corlett 2002, Young 2000).
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