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RESUMEN

Los bosques neotropicales estan siendo rapidametdicados por actividades como la
ganaderia y la agricultura, mismas que provocaeezhplazo de la vegetacion original por un
mosaico de parches de vegetacion en diferentedi@stie sucesion, campos agricolas y
pastizales. Es imprescindible, por tanto, entendaro se distribuyen los diferentes taxa en este
paisaje transformado y cuales son los factoresigtegminan su distribucion. Especial atencion
requieren aquellos taxa que juegan un papel clae 'eincionamiento de los ecosistemas, como
los murciélagos filostomidos (MF), quienes, meddas#rvicios tales como la polinizacion,
dispersion de semillas y depredacion de insectisbititan la reproduccion de las plantas, la
regeneracion de los bosques, el control de lavmnibiy el movimiento y reciclado de nutrientes.

Uno de los sistemas mas amenazados y menos estsi@ia el neotrépico, es el bosque
tropical seco (BTS), en el que practicamente noasgocumentado la respuesta de los MF a la
transformacion del habitat. La informacién existealtrespecto, ha sido generada principalmente
en bosques tropicales humedos y lluviosos y hausdegextrapolar hacia los BTS debido a los
atributos estructurales y funcionales Unicos de sistema. El presente trabajo tiene por objetivo
evaluar la presencia y abundancia de los MF, d poigacional, de ensamble y de ensamblaje, en
parches de vegetacion que representan difereritefiasssucesionales del BTS, determinando asi,
como responden estos murciélagos a la variacionEsetributos del habitat, tanto a nivel local,
como a nivel de paisaje. Asimismo, nos enfocanaisautir las implicaciones de nuestros
resultados para la conservacion de los MF en Issijes antropogénicos.

Para esto, primeramente, documentamos las varegemriqueza, diversidad y
abundancia de MF a lo largo de una cronosecueunces®nal en el BTS de la reserva de la
biosfera Chamela-Cuixmala (RBCC), Jalisco, MéxiCagitulo 2). Esta cronosecuencia
comprendio 4 estadios sucesionales: inicial (palst&, temprano, intermedio y tardio. La mayor
riqgueza de especies se presentd en el estadio.thodi cambios en riqueza de especies entre los
estadios sucesionales siguieron un patron aditivioade las especies encontradas en un estadio
sucesional dado incluian a todas las especies #adan en el estadio sucesional previo mas otras
especies no registradas en los estadios anterRoestra parte, la diversidad y abundancia de MF
no difirieron significativamente entre estadiosesicnales, encontrandose una gran variacion
intra-estadio.

Posteriormente, con el fin de identificar posilpasrones inherentes al BTS en la respuesta
de los MF a la transformacién del habitat, compaata presencia y abundancia de estos
murciélagos en diferentes estadios sucesionalgssiBTS (Capitulo 3), localizados a lo largo de
un gradiente latitudinal: 1) RBCC en México, 2) éiRifieiro (HP) en Venezuela y 3) Parque
Estadual da Mata Seca (PEMS) en Brasil. En edensisevaluamos si la respuesta de los MF a la
sucesion vegetal estd modulada por la marcadd@safidad en el régimen de precipitacion
caracteristica de los BTS. En general, encontramaato nivel de especificidad en la respuesta
de los MF, siendo ésta particular de las espdoggremios troficos, las estaciones del afio y la
region. Ademas, encontramos que solo unos pocasttan tan fuertemente asociados a un
determinado estadio sucesional, que pueden seideoados como taxa indicadores de ese
estadio. Estas asociaciones taxa-estadio varisimembargo, con las estaciones del afio. Asi, la
respuesta de los MF a la transformacion del BT Si@estar modulada por: 1) las condiciones
ambientales caracteristicas de cada region, Ayplaridades en la conducta y requerimientos
ecologicos de las especies de cada region, 3@asicion, estructura y patrones fenolégicos de



los ensamblajes de plantas que ocurren en losdiks estadios sucesionales y 4) la composicion
y configuracion del paisaje en cada una de la®negi

Finalmente, con el fin de explicar la gran variadidter e intra-estadio sucesional en la
presencia y abundancia de los MF, evaluamos lasiogles causales entre dicha variacion (a nivel
de poblacion, ensamble y ensamblaje) y las vanasi@n los atributos del habitat, tanto a nivel
local (complejidad estructural de la vegetaciénmo a nivel de paisaje (cobertura de la
vegetacion riparia y del bosque seco, area pronumllos parches de vegetacion y diversidad de
tipos de parches) en la RBCC. Los atributos delgpaise midieron en dos escalas
correspondientes a circunferencias de 500 y 10d@ nadio centradas en el sitio de muestreo. Los
resultados muestran que: 1) las variaciones eattimitos del habitat, tanto a nivel local como de
paisaje, explican las variaciones en la presenataupdancia de MF a lo largo de la
cronosecuencia, 2) la respuesta de los MF a lobiocaren los atributos del habitat es dependiente
de la escala, 3) la asociacion entre los atribdébpaisaje y la abundancia de los MF es gremio-
especifica, asi, la variacion en la abundanciaudgvoros esta asociada con la variacién en la
cobertura de la vegetacion riparia, mientras queutecion en la abundancia de nectarivoros esta
asociada con la variacion en la cobertura del ®msgquo, y 4) la variacion en la composicion
especifica y abundancia de los ensamblajes est@daa la variacion en la cobertura de la
vegetacion riparia; esto debido al predominioadedspecies frugivoras en dichos ensamblajes.

Dada la alta variacion inherente a los paisajgsdates actuales y en particular a los
paisajes transformados del BTS, solo la consid@naciestudio de varios factores a la vez
(atributos del habitat, estacionalidad, latitudtnmale vegetacion, etc.), nos permitié vislumbrar
cudles son los factores que modulan las respudstias MF a la perturbacion y en que forma lo
hacen. Aunque no se detectaron patrones clarost@n respuestas, resulté evidente que las
estrategias de conservacion de los MF y de sugseErecosistémicos en el BTS, requieren de la
preservacion tanto de la vegetacion conservada cente vegetacion secundaria, ya que un gran
porcentaje de estos murciélagos usan (e impaataindsatipos de vegetacion. Especial interés se
le debe prestar a la vegetacion riparia que redelierminante para la conservacion de un gran
numero de MF que ocurren en el BTS.

En general, se requiere todavia de estudios prewess de diferentes regiones, con
diferentes especies y regimenes de perturbaciéa ppaer proyectar escenarios hacia un espectro
mas amplio de paisajes antropogénicos. Se reqsignes todo, que la comunidad cientifica tome
conciencia plena de la urgencia de conocer la estaule la biota del BTS a la creciente
perturbacion. El estudio y conocimiento de la dirt@sucesional y de regeneracion natural de
este sistema nos permitira generar acciones dejonanenservacion que contrarresten los efectos
de la transformacion de nuestros paisajes trocale



ABSTRACT

Neotropical forests are being increasingly modifigdactivities as cattle raising and agriculture
provoking the replacement of the original vegetatiy a mosaic of patches of different
successional stages, agricultural fields and pas&mnds. In this context, it is indispensable to
understand the distribution of taxa across thesttamed landscapes and which factors are
determining this distribution. Special emphasisetes those taxa playing key roles in the
ecosystem functioning such as Phyllostomid bat9.(PBese bats perform activities as
pollination, seed dispersal and insect predatioithvinake possible plant reproduction, forest
regeneration, herbivory control and translocatiod eecycling of nutrients.

The tropical dry forest (TDF) is one of the mastiangered neotropical systems. As it has
been poorly studied, the PB response to habitasfivamation is practically unknown in this
system. Available information to this respect hasrbmostly generated in tropical moist and rain
forest and cannot be extrapolated to TDF becausesyhtem presents unique structural and
functional attributes. In this study we aim to exsé the PB occurrence, at population, ensemble
and assemblage level, in TDF vegetation patchdsfefent successional stages, determining in
this way, how PB respond to variation on habitatlattes at local and landscape level. We also
discuss the implications of our results for thed®Bservation in anthropogenic landscapes.

First of all, we documented the PB variation in@ee richness, diversity and abundance
across a successional chronosequence in the Tihie @hamela-Cuixmala Biosphere Reserve
(CCBR), Jalisco, Mexico (Chapter 2). The chronosege included four successional stages:
initial (pastures), early, intermediate and latiee highest species richness was registered in the
late stage. Changes in species richness amongssimtal stages followed an additive pattern,
where the species occurring in a given successgiage included all species occurring at the
previous stage plus other new species. On the btred, the PB diversity and abundance did not
differ significantly among successional stages lamith parameters showed high intra-stage
variation.

Afterwards, in order to identify potential patteron the PB response to TDF
transformation, we compared bats occurrence iemifft successional stages of three TDFs
(Chapter 3) located across a latitudinal gradiEn€CBR, Mexico, 2) Hato Pifieiro (HP),
Venezuela and 3) Parque Estadual da Mata Seca (RBv&il. We evaluated if PB response to
succession was modulated by the marked seasoaalitye precipitation regime characteristic of
TDFs. In general we found high specificity on thH&gieésponse as it showed particularities relative
to the species, guilds, seasons and regions. Mereae found that only a few taxa were so
tightly associated to a determined successiongédtaat could be considered indicators of such
stage. However, this taxa-stage association chaoegeben seasons in all cases. We concluded
that PB response to TDF transformation could beutaded by: 1) the environmental conditions
of each region, 2) particularities of the behawend ecological requirements of the regional
species, 3) the composition, structure and phergdbpatterns of plant assemblages occurring in
the different successional stages and 4) the rafjlandscape composition and configuration.

Finally, in order to explain the high inter andraastage variation in PB occurrence, we
evaluated the causal/explanatory relationships detvsuch variation (at the assemblage,
ensemble and population level) and the variatiohalritat attributes at both local (vegetation
structural complexity) and landscape level (peragatof forest cover, mean patch area and
diversity of patch types) in the CCBR. Landscapebattes were analyzed at two scales through
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500 and 1000 m circumferences centered on eachlisgmsfie. Our results indicate that: 1)
variations in habitat attributes, at local and kgape level, explain the variations in PB occureenc
across the chronosequence, 2) PB response to chiamiggbitat attributes is scale-dependent, 3)
the association between landscape attributes armtBUBrence is guild-specific as the variation in
frugivores abundance is associated to the variatioiparian vegetation cover, while the variation
in nectarivores abundance is associated to thati@riin TDF cover, and 4) the variation in
assemblage’s species composition and abundanekied to the variation in riparian vegetation
cover probably because these assemblages are dedhinafrugivorous bats.

Provided that tropical landscapes, and speciallylibF transformed landscapes, are
highly heterogeneous, we needed to consider sefaetals simultaneously ( habitat attributes,
seasonality, latitud, vegetation matrix, etc) tacedate which factors modulate PB responses to
disturbance and how they do it. Even when cleaepa concerning these responses did not
emerge, we found that conservation of PB and #msystem services require the preservation of
conserved and secondary vegetation as a high pgropof these bats use (and impact on) both
types of vegetation. Special attention must be fattie preservation of riparian vegetation as it
determines the conservation of numerous PB specm®sring in the TDF.

In order to understand the dynamics of a wider eavfganthropogenic landscapes, we need
to perform studies in different regions with diet species pools and disturbance regimes. Above
all, we need the attention of the scientific comrhuas it is urgent to understand the response of
the TDF biota to increasing habitat transformati®yunderstanding the natural regeneration and
successional dynamics operating in this systemyilVéde able to generate conservation actions
and counteract the effects of transformation ontapical landscapes.



CarPiTuLo 1

Introduccioén



INTRODUCCION

Los bosques tropicales albergan gran parte devéagidlad del planeta, probablemente mas de la
mitad de las especies (Whitmore 1990, Heywood 1B8ack et al. 2001a). Sin embargo, la alta
tasa de pérdida y transformacion de estos ecosistestia poniendo en gran riesgo el
mantenimiento de su biodiversidad (FAO 2009). Laisgjes tropicales, en la actualidad, estan
generalmente compuestos por un mosaico de vegetgcidiferentes estadios sucesionales debido
al efecto combinado de las perturbaciones natuyahesnanas. La actividades humanas, en
particular, estan alterando de forma aceleradgramescala la estructura natural de estos paisajes
y el curso de sus procesos ecoldgicos ya que paodaaemocion de una gran porcion de la
cobertura vegetal, la formacién de parches de gefet cada vez mas pequefios, el incremento
del efecto de borde, la invasion de especies etia alteracion de las condiciones ambientales y
una disminucién en la capacidad del sistema patpezarse de la perturbacion (Benitez-Malvido
1998, Chazdon et al. 2007, Gascon et al. 2004y Efilal. 2006, Laurance y Bierregaard 1997,
Maass 1995).

Los bosques neotropicales en especifico, se emanaaitamente amenazados por
actividades como la agricultura, la ganaderiagxjaotacion forestal, las cuales han provocado
gue una gran parte de su area original haya satopkazada por un complejo mosaico de bosques
secundarios, campos agricolas, campos ganadesentamientos humanos (Nepstad et al. 1999,
Primack et al. 2001b, Sanchez-Azofeifa et al., 2@¥azdon et al. 2007, Quesada et al. 2009).
Estos paisajes transformados seran el habitat mriedate para la vida silvestre en el futuro
cercano (Hilty et al 2006, Quesada et al. 2009ty ba llevado a la comunidad cientifica a
reconocer que es extremadamente urgente genecananimiento adecuado acerca de la
respuesta de estos sistemas a la perturbaciond@Gasal. 2004). Particularmente, es necesario
entender los procesos ecoldgicos que estan opeearids paisajes transformados y determinar

que factores modulan la distribucién y el desempkila biota (Gascon et al. 2004), poniendo
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especial atencion en aquellos taxa que jueganpel petico en el funcionamiento de los
ecosistemas (Cosson et al. 1999b, Jordan 2009).

El bosque tropical seco

Uno de los ecosistemas neotropicales mas ampliandégitibuido (Portillo-Quintero y Sanchez-
Azofeifa 2010) es el bosque tropical seco (BTS)setema altamente estacional que alberga una
alta diversidad y un gran niumero de especies emaénfiCeballos 1995, Gentry 1995, Dirzo y

Trejo 2001). Histéricamente, el BTS ha sido un télgreferido para los asentamientos humanos
y la agricultura y por tanto constituye uno dediséemas neotropicales mas transformados y
amenazados (Trejo y Dirzo 2000, Quesada y Stor@t, Z2anchez-Azofeifa 2005). Sin embargo,

es poca la atencion que la comunidad cientificarbstado a estos bosques en comparacién con
otros sistemas neotropicales como los bosques hasnetlviosos (Sanchez-Azofeifa et al.

2005). Consecuentemente, el BTS se encuentra ppoesentado en las areas naturales protegidas
y su area original se ha reducido en un 66% a aitapresion antropogénica (Miles et al. 20086,
Portillo-Quintero y Sanchez-Azofeifa 2010). Dadteaesscenario, es necesario entender el proceso
de sucesion ecoldgica que subyace a la regenenaaidral de este sistema, tomando en cuenta
gue éste presenta caracteristicas estructuralexiphales Unicas que determinan una respuesta
también Unica a la perturbacion humana (Bongeas 8009). Esta respuesta es, por ejemplo,
marcadamente distinta a la de otros sistemas #i@sicomo los bosques humedos y lluviosos,
cuyo desemperio es frecuentemente usado para gifedmportamiento de los BTS, aun cuando
no es extrapolable a los mismos (Avila-Cabadillal€2009).

Especificamente, los BTS se diferencian de losumsstropicales hiUmedos y lluviosos en
aspectos como: 1) el régimen de precipitacion,equel BTS £500-2000 mm por afio) es
marcadamente estacional dando lugar a una seveca épca que puede durar entre 3 y 8 meses
en dependencia de la posicion latitudinal (Holdzid§47, Murphy y Lugo 1986, Sanchez-

Azofeifa et al. 2005), 2) la fenologia, ya que @nos el 50% de los arboles del BTS pierden sus
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hojas durante la época seca como consecuenciawirdada estacionalidad en el régimen de
precipitacion (Bullock y Solis-Magallanes 1990, 8zer-Azofeifa et al. 2005), 3) la estructura de
la vegetacion, pues la escasa disponibilidad da egwel BTS ocasiona que su vegetacion
presente una menor altura del dosel, area basaknolde estratos, tasa de crecimiento y
productividad primaria en general (Murphy y Lug@&9Bullock 1995, Holbrook et al. 1995,
Martinez-Yrizar 1995), y 4) la composicion espegcifile los estadios iniciales de la sucesion,
mismos que en el BTS estan dominados por espaweasagoricas y autocoricas y no por las
especies zoocoricas caracteristicas de los estaii@es de los bosques tropicales humedos y
lluviosos (Bullock 1995, Gentry 1995, Vieira y Sc&i2006).

El estudio de la sucesion ecoldgica.

Se conoce como proceso de sucesion ecolbégica ndarca a la serie de cambios secuenciales, no
estacionales, que se presentan en los atributies demunidades (p.ej. composicion y estructura),
asi como en las funciones generales de un ecosistespués de una perturbacién mayor, misma
gue provoca la remocién completa o casi completagimdividuos que conforman las
comunidades (Pickett y White 1985, Chazdon et@072Martinez-Ramos y Garcia-Orth 2007).
En el caso del neotropico, la perturbacion masierete ha sido la remocion de la vegetacion en
areas que posteriormente seran usadas para agaoolgjanaderia extensiva (Chazdon et al.
2007).

El estudio de la sucesion ecoldgica nos permitecamaspectos cruciales de la dinamica
de los ecosistemas tales como: 1) el periodo dgtenecesario para su recuperacion, 2) los
patrones y tasas de cambio en la estructura y caimo de las comunidades durante el proceso
sucesional, 3) los cambios en las interacciongghg) 4) los cambios en el ciclo de nutrientes y
la productividad del ecosistema y 5) el efectoadediferentes tipos de perturbacién en todos estos

aspectos (Charles-Dominique 1986, Margalef 1963in®#1969, Chazdon et al. 2007).



Histéricamente, los modelos de sucesidn ecolégiat tpara zonas templadas (Cowles
1899, Clements 1916, Gleason 1926, Tansley 19&néits 1936, Egler 1954, Connell y Slatyer
1977, Grime 1977, Tilman 1985) como tropicales (@afRompa et al. 1972, Bazzaz y Pickett
1980, Chazdon et al. 2007, Martinez-Ramos y Gdbcia-2007, Chazdon et al. 2008), se han
basado en la dinAmica de las comunidades vegetaasgp muy poco los modelos que consideran
la dindmica de las comunidades de animales (F@&x 1990). Este sesgo en la generacion del
conocimiento se debe, principalmente, a la fadilida muestrear las comunidades de plantas que,
por su naturaleza sedentaria, son mas facilestdéiasque los animales.

En el neotrdpico, la mayoria de los estudios sebeesion ecolbégica se han centrado
también en las comunidades de plantas, principdadr@naquellas de los bosques tropicales
lluviosos (Bazzaz y Pickett 1980, GOmez-Pompa youéz-Yanes 1981, Guariguata y Ostertag
2001, Chazdon et al. 2007, Martinez-Ramos y Ga&ia-2007, Chazdon et al. 2008). Asi, tanto
los cambios en los atributos de las comunidadesades a lo largo de la sucesion, como el papel
gue estas comunidades juegan en el proceso suaksian sido poco estudiados en estos sistemas
(Muscarella y Fleming, 2007). En tiempos reciesg$fia acrecentado el esfuerzo para documentar
estos aspectos (aves: Borges, 2007; reptiles: [Ripéz y Mitchell, 2007; murciélagos: Castro-
Luna et al., 2007; Mancina et al., 2007; Willigagt 2007) y muchos de los estudios realizados al
respecto han mostrado que, aun cuando frecuenterse@isume que las comunidades animales
“siguen” pasivamente a las comunidades de planga@ste el proceso sucesional, los animales
juegan un papel activo en dicho proceso via digiede semillas, dispersién de hongo
micorrizicos, polinizacion, herbivoria y descompasi de materia organica (Charles-Dominique
1986, Gorchov et al. 1993, Muscarella y Fleming7J00

La sucesién ecoldgica involucra una compleja iEdm de procesos (Odum 1969). Por
tanto, un mejor entendimiento del proceso sucebreqaiere del estudio simultdneo de varios

componentes de los ecosistemas, incluyendo, poiestg a las comunidades animales que
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interactian con las comunidades vegetales duratég@eoceso. El estudio de los cambios en las
comunidades de animales a lo largo de la sucegldBTES, en donde dichos cambios no han sido
documentados, resulta entonces indispensable paesay informacion crucial que nos auxilie en
el manejo y conservacion de este sistema.

Grupos clave en el neotropico: los murciélagos $iémidos

Con el objetivo de mantener los procesos ecoldgiaumm ello preservar una fraccién importante
de la biodiversidad en los paisajes tropicalesaropbraneos, debemos estudiar a aquellos taxa
gue sean claves en el mantenimiento de estos pdess murciélagos, por ejemplo, son
considerados un componente importante de la bicgideed asi como un grupo clave dentro del
neotropico (Aguirre et al. 2003). Debido a su gwgtiacion evolutiva, estos animales ocupan la
mayoria de los niveles troficos ya que incluyerddesonsumidores primarios hasta consumidores
terciarios (folivoros, nectarivoros, polinivorasidivoros, insectivoros, animalivoros y
sanguivoros, Hutson et al. 2001). Los murciélagosparticularmente importantes en el
funcionamiento de los ecosistemas ya que interactda un diverso espectro de organismos y
regulan procesos ecolégicos complejos (Bernarchyolre2002, Estrada et al. 1993a, Fleming
1988, Hutson et al. 2001). Proveen, por ejempfeyreites servicios ecolbgicos tales como: 1)
dispersion de semillas, 2) polinizacion, 3) conttelpoblaciones de invertebrados y vertebrados
pequefios y 4) reciclaje y transformaciéon de nuteey energia (Charles-Dominique 1986,
Fleming 1982, 1988, Gorchov et al. 1993, Kalkal e2@08, Muscarella y Fleming 2007, Valiente-
Banuet et al. 2004, Whitaker 1993, Williams-Guilkiral. 2008).

En el neotrépico, los murciélagos polinizan predlemente 573 especies de plantas y
dispersan las semillas de otras 549 especies (@aiset al. 2002 onward, Lovoba et al. 2009).
De este modo, este grupo contribuye al mantenimi@ata diversidad vegetal, conectando
poblaciones de plantas distantes entre si viapoatesde polen y semillas, accion que ademas

promueve la regeneracion natural en las areasahbatpa (Fleming 1988, Fleming et al. 2009,
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Lovoba et al. 2009). Es ampliamente reconocidolgsienurciélagos juegan un papel relevante en
la sucesion de los sistemas tropicales porque rsutdhéas semillas que dispersan provienen de
plantas pioneras que son particularmente impodahieante las etapas tempranas de la sucesion.
De hecho, en los bosques humedos y lluviosos|aasitad de las plantas pioneras mas
abundantes en términos de densidad, biomasa ypase§ son dispersadas por murciélagos (p. ;.
Solanum, Cecropia, Piper, Vismia, Fleming, 1988; Charles-Dominique, 1986; GorcH®93;
Muscarella y Fleming, 2007, Lovoba et al. 2009)s baurciélagos insectivoros, ademas, pueden
reducir significativamente los niveles de herbigah los bosques neotropicales, ya que cada
noche pueden llegar a consumir mas de 1.5 vegasssucorporal en insectos (McNab 1982,
Estrada et al. 1993a, Kalka et al. 2008).

Una de las familias de murciélagos mas importatéesro del neotropico es la
Phyllostomidae, que es la familia mas diversa (btuts al. 2001) tanto taxonémica (151
especies) como funcionalmente (mayoria de gremifisds incluyendo a todos los nectarivoros y
frugivoros). Los murciélagos filostdmidos presertahitos especializados de alimentacion,
refugio y seleccién de habitat que los hacen imttices de la alteracion de los ecosistemas
(Fenton et al., 1992; Medellin et al., 2000; Clagkal., 2005a, Jones et al. 2009). Son
considerados también un grupo clave al proveeigesvecoldgicos importantes mediante la
dispersiéon de semillas, la polinizacion y el cohtt® poblaciones de animales (Whitaker 1993,
Hutson et al. 2001, Geiselman et al. 2002 onwaadk&et al. 2008, Williams-Guillén et al. 2008,
Lovoba et al. 2009).

En este contexto, resulta indispensable evalugfieeto de la perturbacion antropogénica
sobre los murciélagos filostomidos del BTS e idaai cuéles son los factores que determinan su
presencia y abundancia en los diferentes estadaesi®nales de este sistema. Esto constituiria
una base cientifica primordial para la preservad@&este importante grupo dentro de los paisajes

transformados del BTS y contribuiria al conocimiet¢ como los diferentes procesos ecoldgicos
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en los que los filostdmidos tienen un papel prepoamte, podrian verse afectados durante el
proceso sucesional de estos bosques.
Estudio del efecto de la perturbacién del BTS soloe murciélagos filostomidos.

En esta tesis, precisamente, se evaluaron los oamgbe experimentan los ensamblajes de
filostdmidos en diferentes estadios sucesionaleBT® y se valoraron como las variaciones en
algunos atributos biéticos y abioticos del halptadieran estar determinando la presencia y
abundancia de estos murciélagos en dichos estadios.

Cabe senalar que, en adelante, para nombrar anjimtmde especies filogenéticamente
relacionadas que coexisten en un lugar determindiiaaremos el término “ensamblaje”,
mientras que para nombrar al subconjunto de espdeien ensamblaje que pertenecen a un
mismo grupo funcional (p.ej. gremio tréfico), wtdremos el término “ensamble” (del inglés
“‘ensemble”) siguiendo a Fauth et al. (1996).

Inicialmente, evaluamos el cambio en diversos @t de los ensamblajes (composicion,
rigueza y densidad de especies, abundancia, egjditat, diversidad) y ensambles de filostbmidos
(abundancia), a lo largo de un gradiente sucesgld TS y discutimos la implicacion de estos
cambios para el manejo y conservacion de este grgpe servicios ecoldgicos en los bosques
neotropicales secos en general.

Posteriormente, examinamos si existen patrones presencia y abundancia de los
filostbmidos a lo largo de gradientes sucesionddd8TS, estudiando para ello tres BTS ubicados
en diferentes latitudes (México, Venezuela y Byak#d consideracion de varios BTS en un
gradiente latitudinal, nos permitié evaluar si &xisna respuesta consistente de los filostomidos a
las transformaciones del habitat en este sistefimac@ando varie la composicion del pool regional
de especies (tanto de murciélagos como de plapntas)condiciones climaticas (p.ej. duracién de
la época de seca). Ya que los BTS son ecosistdtaateate estacionales, en donde los

ensamblajes de murciélagos pueden experimentari@asignificativos en la disponibilidad de
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recursos (p.ej. refugio y alimento) entre la estacieca y la estacion lluviosa (Stoner 2001, 2002

y 2005, Avila-Cabadilla et al. 2009), evaluamosrads como la estacionalidad puede determinar

la presencia y abundancia de los murciélagos difogtos en los diferentes estadios sucesionales.

Por ultimo, dado que se detect6é una gran influeteidiferentes elementos del paisaje en
la presencia y abundancia de los filostomidoslartp de los gradientes sucesionales del BTS,

evaluamos el efecto de la variacion en los atribdtl paisaje (p.ej. configuracién espacial y

composicién del paisaje) en dicha presencia y amgid, usando para ello diferentes escalas

espaciales que correspondiesen al grado de maViidastos organismos.

ODbjetivos.

Los objetivos principales de este estudio son:

1) Documentar los cambios en los atributos deheamblajes de murciélagos filostomidos que se
presentan en diferentes estadios sucesionales BESiy discutir las implicaciones de éstos
cambios para el manejo y conservacion tanto déléssomidos como de los servicios
ecoldgicos que proveen a este ecosistema (Cagitulo

2) Determinar, considerando el efecto de la estatidad, la existencia de patrones inherentes a
los bosques neotropicales secos en la presenbianglancia de los murciélagos filostomidos
en diferentes estadios sucesionales (Capitulo 3).

3) Identificar relaciones causales entre los atobdel habitat (a escala local y de paisaje) y la
presencia y abundancia de los murciélagos filostomen diferentes estadios sucesionales de
un BTS. Discutir, asimismo, las implicaciones d& eslacion para la conservacion de este
grupo en los paisajes antropogénicos del BTS (Glapf).

Relevancia
Este estudio representa el primer esfuerzo en avelumbios en los ensamblajes de

murciélagos a lo largo de gradientes sucesion&leBTS. A pesar del papel tan importante que

juegan los murciélagos en los sistemas tropicafEstycularmente en su proceso sucesional, la
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mayoria de los estudios que han documentado laestpde los murciélagos neotropicales a la
alteracion de su habitat, se han realizado enrgégto de la perturbacion o de la fragmentacion
per se. Solo unos pocos estudios han evaluado esta stamreel marco de la sucesion (p.ej.
Castro-Luna et al. 2007, de la Pefa-Cuéllar 2016¥gs ellos lo han hecho en bosques humedos
y lluviosos cuyo comportamiento, como se dijo aoterente, no es extrapolable al BTS debido a
las marcadas diferencias que ambos sistemas pasamtuanto a estacionalidad, estructura de la
vegetacion, composicion de especies y disponikildarecursos quiropterocoéricos y
quiropterofilicos (Mooney et al. 1995, Murphy y lauj986, Gentry 1995, Viera y Scariot 2006,
Bullock 1995). Por tanto, este estudio aporta mfaion novedosa y crucial para el conocimiento,
manejo y conservacion de los BTS.

La mayoria de los estudios que han abordado laestpde los murciélagos a la alteracion
del habitat, han combinado datos de diferentesiesks del afio (lluvia y secas), o bien, han
analizado los datos de una sola estacion. Esteepygatar informacion importante sobre dicha
respuesta, haciendo dificil la discriminacion ep&ones y casualidad (Klinbeig y Willig 2010).
Nuestros resultados contribuiran entonces al cameaoio de como la variacion estacional modula
la presencia y abundancia de los filostomidos srsistemas tropicales.

En sintesis, este estudio constituye un esfuerava@acion integral de los factores que
determinan la presencia y abundancia de los fihogtds en los paisajes tropicales transformados.
Esto al considerar entre estos factores no sd@eticionalidad y el efecto de la variacién local en
los atributos del habitat, sino también el efe@dadvariacién en los atributos del paisaje a
diferentes escalas. La caracterizacion cuantitavims atributos del paisaje permite identificar
con mayor precision aquellos factores que afeegmdsencia y abundancia de los filostomidos en
areas de BTS con diferentes niveles de perturbaaidiempo que proporciona una vision mas
integral de la dinAmica que opera en estos paitajesformados. Esta tesis representa el primer

estudio de esta naturaleza realizado en el BTS.
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CaPiTuLO 2

Composition, structure and diversity of phyllostdmi
bat assemblages in different successional stages of
tropical dry forest.



RESUMEN

Los estudios relacionados con la dinamica sucesitmims sistemas tropicales han estado
mayormente enfocados en comunidades de plantas sid@conducidos principalmente en areas
tropicales humedas o lluviosas. En este estudsnptrms documentamos los cambios que sufren
los ensamblajes de murciélagos entre diferentasgiestsucesionales de un bosque neotropical
seco. Nos enfocamos especificamente en la fantijjid3tomidae, una familia rica en especies
gue comprende la mayoria de los gremios tréficgstrados en los murciélagos neotropicales,
incluyendo a los nectarivoros y frugivoros, a gegese les reconoce un papel importante en los
procesos de reproduccion de las plantas y en émesgcion del bosque. Para determinar las
variaciones en la riqueza, diversidad y abundateilas especies de filostdmidos durante el
proceso sucesional, se muestrearon los respeetngasnblajes usando redes de niebla en 12 sitios
pertenecientes a 4 estadios sucesionales conrdédsredades de abandono: pastizal (0 afios),
temprano (3 a 5 afos), intermedio (8 a 12 afioa)dfd (>50 afios). Un esfuerzo de captura de 142
noches, usando cinco redes de niebla por noclogo &06 filostomidos pertenecientes a 16
especies. El estadio tardio mostré la mayor riqdezespecies ya que en él se encontraron todas
las especies registradas en este estudio (16 esgatcomparacion con 9 para los estadios
temprano e intermedio y 4 para pastizales) y fumio en donde se presentaron las especies
raras. Las especies encontradas en cualquier@stacksional, fueron una suma de las especies
encontradas en el estadio previo y otras adicisn&iste patron aditivo pudiera estar determinado
por la abundancia natural de las especies dadtag@species abundantes se encontraron en mas
estadios sucesionales que las especies raragjueza y abundancia de murciélagos fue
significativamente menor en los pastizales, indd@grtemente del gremio tréfico considerado. En
consecuencia, los pastizales no fueron tomadoaamta para la mayoria de los analisis
estadisticos. La diversidad y abundancia de lostéifoidos no difirid de manera significativa

entre los estadios sucesionales temprano, inteonyetliaduro. Sin embargo, a nivel de gremios
troficos, los murciélagos nectarivoros fueron mamadantes en el estadio temprano que en el
tardio, probablemente como consecuencia de lagdd@s en la disponibilidad de alimento. En
conclusién, las areas del bosque reconocidas cetadies tardios en este estudio, son los
reservorios mas importantes de la rigueza de espdca vegetacion secundaria presenta también
ensamblajes diversos de murciélagos, mientrasmjiesgastizales solo se presentan unas cuantas

especies abundantes y vagiles que ocasionalmerdanceste habitat. Por tanto, sugerimos que las
14



politicas de uso de suelo en esta region se enficguenantener la conectividad de los mosaicos
de vegetacion secundaria y madura, para aseguransgrvacion de la diversidad de murciélagos

y de sus interacciones ecoldgicas.
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ARTICLE INFO ABSTRACT

Article history: Studies on successional dynamics in tropical systems have mostly focused on plant communities and
Received 4 September 2008 mainly have been conducted in tropical humid areas. Here, we document changes in the structure of bat
Received in revised form 6 November 2008 assemblages among secondary successional stages of a neotropical dry forest. We specifically focused on

Accepted 9 December 2008 the speciose phyllostomid bat family, comprising most of the foraging guilds found among neotropical

bats, including nectarivores and frugivores that play important roles in processes of plant reproduction
Keywords: and forest regeneration. To investigate bat species richness, diversity and abundance during
Phyllostomid bat assemblage successionnal processes, we mist-netted bat assemblages in 12 sites belonging to 4 different
Succession . . .
Tropical dry forest successpnal stages, namely pastures (0 yrs), early‘(3—5 y'rs), mterrpedlate (8—1? yrsq and late
Secondary forest successional stage (>50 yrs). A capture effort of 142 nights using five mist-nets per night yielded 606
phyllostomid bats belonging to 16 species. Late stage was the most speciose sustaining all species found
in the study (16 species against 9 for early and intermediate stages and 4 in pastures), and was the only
environment where rare species occurred. Species found within any one successional stage were a
combination of species found at the previous stage plus additional ones. This additive pattern appeared
to be driven by the natural abundance of species, as the abundant species were found across more
succesisonal stages than rarer species. Bats were significantly less speciose and less abundant in
pastures, regardless of the foraging guild. Bat diversity and abundance did not differ significantly among
early, intermediate and late stages. However, nectarivores were more abundant in early compared to late
stage, probably as a consequence of differences in patterns of food availability. We conclude that areas of
forest, recognized as late stage in our study, are the most important reservoirs of species richness.
Secondary vegetation also contains diverse bat assemblages, while pastures only harbour a few
abundant and vagile species occasionally crossing this habitat. We suggest that land-use regulations in
this region focus on maintaining connectivity of a mosaic of areas of secondary and mature vegetation to
insure the conservation of bat diversity as well as their important ecological interactions.
© 2008 Elsevier B.V. All rights reserved.

RESUMEN

Los estudios relacionados con la dinamica sucesional de los sistemas tropicales han estado mayormente
enfocados en comunidades de plantas y han sido conducidos principalmente en areas tropicales
himedas o lluviosas. En este estudio, nosotros documentamos los cambios que sufren los ensamblajes de
murciélagos entre diferentes estadios sucesionales de un bosque neotropical seco. Nos enfocamos
especificamente en la familia Phyllostomidae, una familia rica en especies que comprende la mayoria de
los gremios troficos registrados en los murciélagos neotropicales, incluyendo a los nectarivoros y
frugivoros, a quienes se les reconoce un papel importante en los procesos de reproduccion de las plantas
y la regeneracion del bosque. Para determinar las variaciones en la riqueza, diversidad y abundancia de
las especies de filostomidos durante el proceso sucesional, se muestrearon los respectivos ensamblajes
usando redes de niebla en 12 sitios pertenecientes a 4 estadios sucesionales con diferentes edades de
abandono: pastizal (0 afios), temprano (3 a 5 afios), intermedio (8 a 12 afios) y tardio (>50 afios). Un
esfuerzo de captura de 142 noches, usando cinco redes de niebla por noche, arrojo 606 filostomidos
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pertenecientes a 16 especies. El estadio tardio mostré la mayor riqueza de especies ya que en el se
encontraron todas las especies registradas en este estudio (16 especies en comparacion con 9 para los
estadios temprano e intermedio y 4 para pastizales) y fue el Gnico en donde se presentaron las especies
raras. Las especies encontradas en cualquier estadio sucesional, fueron una suma de las especies
encontradas en el estadio previo y otras adicionales. Este patron aditivo pudiera estar determinado por la
abundancia natural de las especies dado que las especies abundantes se encontraron en mas estadios
sucesionales que las especies raras. La riqueza y abundancia de murciélagos fue significativamente menor
en los pastizales, independientemente del gremio tréfico considerado. En consecuencia, los pastizales no
fueron tomados en cuenta para la mayoria de los analisis estadisticos. La diversidad y abundancia de los
filostomidos no difirié de manera significativa entre los estadios sucesionales temprano, intermedio y
maduro. Sin embargo, a nivel de gremios troficos, los murciélagos nectarivoros fueron mas abundantes en
el estadio temprano que en el tardio, probablemente como consecuencia de las diferencias en la
disponibilidad de alimento. En conclusion, las areas del bosque reconocidas como estadios tardios en este
estudio, son los reservorios mas importantes de la riqueza de especies. La vegetacion secundaria presenta
también ensamblajes diversos de murciélagos, mientras que los pastizales solo se presentan unas cuantas
especies abundantes y vagiles que ocasionalmente cruzan este habitat. Por tanto, sugerimos que las
politicas de uso de suelo en esta regién se enfoquen en mantener la conectividad de los mosaicos de
vegetacion secundaria y madura para asegurar la conservacion de la diversidad de murciélagos asi como
sus interacciones ecoldgicas.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

“An understanding of ecological succession provides a basis for
resolving man’s conflict with nature” (Odum, 1969, p. 262).

In the neotropics, bat communities may be considered as a
keystone group. They provide important ecological services in
ecosystems through their role in seed dispersal, pollination, and
control of invertebrate and small vertebrate populations (Whi-
taker, 1993; Hutson et al., 2001; Geiselman et al., 2007; Kalka et al.,
2008; Williams-Guillén et al., 2008). Neotropical bats visit and
presumably pollinate 573 species and disperse seeds from 516
species (Geiselman et al., 2007). Moreover, it has been demon-
strated that insect predation by bats can significantly decrease
herbivory levels in a neotropical rain forest (Kalka et al., 2008).
Additionally, bats play an important role during the successional
process because they disperse several species (i.e. Solanum,
Cecropia, Piper and Vismia) which are dominant in secondary
vegetation of moist and rainforest in terms of density, basal area
and biomass (Gorchov et al, 1993; Fleming, 1988; Charles-
Dominique, 1986; Muscarella and Fleming, 2007).

Despite the important role of bats in tropical ecosystems and in
the successional process in particular, most studies documenting
how neotropical bat communities respond to habitat modifications
have been performed in the context of habitat disturbance and
fragmentation (Table 1). Only a few studies have attempted to
document the recovery of bat assemblages during secondary
succession of neotropical forests (Table 1) and these have been
conducted in moist and rain forests. At present, no single study has
evaluated changes in bat communities in tropical dry forests
(TDFs) during succession.

Current knowledge on how secondary succession affects bat
communities in tropical moist/rain forests cannot be extrapolated
to communities inhabiting TDFs because of the uniqueness of this
ecosystem. Tropical dry forests are, indeed, quite different from
tropical moist/rain forests in several major aspects including: (1)
strong seasonality of abiotic conditions, i.e. water availability
(Mooney et al., 1995); (2) forest structure, i.e. smaller canopy
height, basal area and number of strata (Murphy and Lugo, 1986);
(3) species composition, i.e. the flora is a depauperate subset of the
one present in moist/rain forests (Gentry, 1995); and (4) plant
species composition in early successional stages are dominated by
anemochorous and autochorous plants instead of zoochorous
plants occurring in early successional moist/rain forests (Bullock,
1995; Gentry, 1995; Vieira and Scariot, 2006). As a consequence of

this, chiropterochoric resource availability is lower in the early
sucesional stages of TDFs. Considering these differences, it is likely
that changes in TDF bat communities will be different from those
described for tropical moist/rain forests.

The main objective of this study was to document the
composition and structure of phyllostomid bat assemblages
occurring in different successional stages of a TDF. We focus on
Phyllostomidae because of their ecological importance in neo-
tropical ecosystems (discussed above) and because this is the most
speciose (151 species), and functionally diverse bat family in the
Neotropics which includes most of the foraging guilds recognized
for bats (Hutson et al., 2001). Additionally, their specialized
requirements for food, roosting sites, and habitat selection, make
them a useful indicator of habitat change (Fenton et al., 1992;
Medellin et al., 2000; Clarke et al., 2005a,b).

Analyses were performed at both the assemblage and guild
level. First we compare the phyllostomid bat assemblages
occurring in different successional stages considering the follow-
ing community attributes: species richness, species density,
evenness and diversity. Next, we compare the abundance of the
most speciose guilds, frugivores and nectarivores, among different
successional stages. Finally, we discuss the implications of our
results for the management and conservation of phyllostomid bats
and their ecological services in mosaics of conserved and
secondary TDFs.

We expect the most diverse phyllostomid bat assemblages to
occur in the late successional stages because these present the
most diverse and structurally complex vegetation within TDF
(Chazdon et al., 2007). We also expect fewer frugivores and
nectarivores in the early successional stages because these are
frequently dominated by grasses and anemocorous plants that do
not constitute food sources for these animals (Vieira and Scariot,
2006).

2. Methods
2.1. Study area and sampling sites

The study was performed in and surrounding the Chamela-
Cuixmala Biosphere Reserve (CCBR) (19°22'-19°35'N, 104°56'-
105°03'W), located in the central western coast of México in the
state of Jalisco. The CCBR consists of primarily mature forest and
has an extension of 13,200 ha, where the predominant vegetation
type is TDF (Lott, 1993). This region presents a markedly seasonal
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Table 1

Summary of most studies performed in the Neotropics about the effect of habitat modification and secondary succession on bat assemblages. Forest type (RF: rain forest, MF:
moist forest). Assemblage attributes (S: species richness, Sp.D.: species density, Div.: diversity, Ab.: total abundance). Effects (NS: non-significant difference, (<): decrease,
(>): increase, I: higher values in the intermediate successional stages). The effect of disturbance/fragmentation on bat assemblages was determined by comparing disturbed

areas with mature forest. The effect of succession on bat assemblages was analyzed as the tendency found in assemblage attributes during this process.

Main subject and site Forest type Effects Reference
S Sp.D. Div. Ab.

Disturbance/fragmentation
Quintana Roo, México RF - NS <? NS Fenton et al. (1992)
Veracruz, México RF < - - - Estrada et al. (1993)
Parana, Brazil MF < - - > dos Reis and Muller (1995)
French Guiana RF < - - > Brosset et al. (1996)
French Guiana RF - < <? < Cosson et al. (1999a,b)
Petén, Guatemala RF NS - - - Schulze et al. (2000)
Veracruz, México RF < - < Estrada and Coates-Estrada (2001)
French Guiana RF - < - < Pons and Cosson (2002)
Veracruz, México RF < > > > Estrada and Coates-Estrada (2002)
Canindeyf, Paraguay MF > - - - Gorresen and Willig, 2004
Quindio, Colombia MF < - - - Numa et al. (2005)
Trinidad, Republic of Trinidad and Tobago MF NS - <2 > Clarke et al. (2005a)
Bahia, Brazil RF < - <? - Faria et al. (2006)
Par4, Brazil MF NS - - NS Bernard and Fenton (2007)
Matagalpa, Nicaragua MF - < NS* < Medina et al. (2007)

Succession
Chiapas, México RF > - > - Medellin et al. (2000)
Trinidad, Republic of Trinidad and Tobago MF NS - NsP 1 Clarke et al. (2005b)
Tabasco, México RF - NS NS? NS Castro-Luna et al. (2007)
Pinar del Rio, Cuba MF NS - ? Mancina et al. (2007)¢
Iquitos, Perii RF = = = = Willig et al. (2007)¢

2 Shannon index as a measure of diversity.
b Alpha of Fisher index as a measure of diversity.

¢ The sequence of secondary stages was established according to the degree of perturbation, instead of the number of years since abandonment.
4 Although the authors discuss about the effects of habitat conversion on bat biodiversity from a community perspective, they do not analyze directly the effect of this

disturbance on assemblages attributes.

pattern of rainfall (Garcia-Oliva et al., 2002). Average annual
precipitation based on 30 years (1977-2006) is 763 4+ 258 (SD) mm
and occurs mainly during the months June-October (http://www.i-
biologia.unam.mx/ebchamela/index.html). Accumulated precipita-
tion and months that received rainfall, respectively, during the
years in which data were collected were: 2004, 652 mm, June-
October; 2005, 384 mm, July-August, and 2006, 387 mm, June-
October (http://www.ibiologia.unam.mx/ebchamela/index.html).
We used a chronosequence approach where time is substituted
by space. Each set of study sites has different ages of abandonment,
allowing inference of the successional process along time. We
selected twelve sampling sites representing four successional
stages (three sampling sites per treatment): 3 pastures, 3 early
stage sites (3-5 years), 3 intermediate stage sites (8-12 years), and
3 late stage sites (at least 50 years old; Fig. 1). Each sampling site
(with the exception of the late stage sites) consisted of a

120 m x 90 m plot embedded within a matrix of vegetation of
the same kind and surrounded by fire breaks and fences to keep
cattle out.

The massive use of the forest in this region started in 1943 when
the Mexican government initiated a program “March to the Sea”,
encouraging agriculture, cattle raising and tourism development
(Castillo et al., 2005). The secondary vegetation sites used in this
project were selected based on information about time since last
major disturbance (i.e. cutting, clearing and fire) obtained from
interviews with cultivators. Only sites that had been completely
abandoned for an identified period of time were included.
Cultivators indicated that secondary vegetation occurred mainly
when economic restrictions limited their continued use as
agricultural or pasture fields.

The land use history of each of the selected sites is quite similar.
Forest was first removed through slash and burn, and lands were

Fig. 1. Aspect photos of the four successional stages in which bats were sampled in the region of the Chamela-Cuixmala Biosphere Reserve. Pictures were taken in the dry
season to better illustrate differences in vegetation structure among stage (P: pastures, E: early, I: intermediate and L: late stage).


http://www.ibiologia.unam.mx/ebchamela/index.html
http://www.ibiologia.unam.mx/ebchamela/index.html
http://www.ibiologia.unam.mx/ebchamela/index.html

L.D. Avila-Cabadilla et al./Forest Ecology and Management 258 (2009) 986-996 989

subsequently used for maize and bean production during
approximately two years. Lands were then converted into cattle
pastures and were burned approximately every two years, before
the rainy season, to foster grass production. In order to select
sampling sites with the most homogeneous conditions, all the sites
used in this study were located on slopes of small hills, at a mean
height of 223 m.a.s.l. (range 178-320), with a slope ranging from
15° to 25°. We avoided north facing slopes because they can show
higher heterogeinity in insolation and plant community composi-
tion in relation to altitude (Balvanera et al., 2002). The sites with
secondary vegetation were located around the mature forest
protected by the CCBR at a distance of 1000-5000 m.

The pasture sites were used for cattle raising until the beginning
of this study. These areas did not present evidence of high erosion
level that would impede the successional process. The associated
vegetation consists of mainly non-native grasses with a few shrubs
and treelets mostly of the species Croton pseudoniveus, Acacia
farnesiana, Lonchocarpus constrictus and Cordia alliodora. Treelets
were maintained in the pastures to be used for fencing or to
provide shade for cattle. Early stage sites (3-5 years) are
characterized by a greater presence of shrubs and the permanence
of some non-native grasses. Taller woody plants average 5 m in
height and are dominated by A. farnesiana, Bauhinia subrotundifolia,
L. constrictus and Ceasalpinia eriostachys. The intermediate stage
sites (8-12 years) share some similarities with late stage sites in
terms of stem density (DBH > 1 cm) and average height of the
tallest trees (10 m), but woody plant species richness is still 15%
lower than that of the late stage. The most common woody plants
are Cnidosculus spinosus, L. constrictus, Croton roxanae, and
Caesalpinia caladenia. Two of the three late stage sites are located
within the reserve and one is located in private property connected
to the reserve by continuous forest; all three are located
approximately 1000 m from the closest border. These sites have
been protected from public access and have not suffered any kind
of disturbance for at least 50 years. In these sites the average height
of the tallest trees is 10 m and the most common woody plants are
Apoplanesia paniculata, C. roxanae, Piptadenia constricta and
Thouinia paucidentata (Chazdon et al., 2007; P. Balvanera, G.
Ibarra-Manriquez, A. Pérez-Jiménez and M. Martinez-Ramos,
unpublished data).

2.2. Bat sampling

Bats were surveyed at all sites using the same standardized
sampling methods each night. Two small nets (6 m long x 2.6 m
high), two medium nets (9 m long x 2.6 m high) and one large net
(12m long x 2.6 m high) were set at ground level in natural
corridors that represented flyways for bats. Nets were placed
within and surrounding each study plot, at a distance not shorter
than 30-50 m between them and opened at dusk for five
consecutive hours; this period of time corresponds to peak
foraging hours for most phyllostomid bats (Fenton and Kunz,
1977). Although this technique is biased towards sampling bats
flying at ground level and inappropriate for many tropical moist/
rain forests (Bernard et al., 2001), because of the lower canopy
height in the studied TDF (maximum mean of mature forest: 15 m)
this method is adequate for this study site.

Sites were sampled approximately every 46 + 15 (SD) days from
June 2004 to August 2006, with the exception of the pasture sites
which were sampled less than the other sites due to a very low
capture rate. In our analyses we only include samples performed on
non-rainy and moonless nights (n =20, 39, 40 and 43 for pastures,
early, intermediate and late stages, respectively) in order to reduce
variation in capture success. To avoid biases due to trap-shy behavior
of bats, each site was sampled a single night at a time. The order of
sampling for every plot was randomized during each sampling period.

Nets were checked approximately every 30 min and bats were
temporarily stored in cloth bags for processing. Bats were
identified to species using a dichotomous key (Timm and Laval,
1998), and individually numbered aluminum bands were placed
on their forearm. We used the classification of Koopman (1993) for
bat families, subfamilies and genera. The species were classified
into four feeding guilds using the classification used by Timm and
Laval (1998): frugivores, nectarivores, gleaning insectivores and
sanguivores.

2.3. Analyses

2.3.1. Bat sampling completeness

We assessed the completeness of the bat survey by calculating
the percentage of the total estimated species richness that
effectively was covered by samples. Total species richness was
estimated by computing the mean of the first and second order
Jackknife index. The Jackknife procedure is a technique for
reducing the bias of estimates (Colwell and Coddington, 1994),
which helps to deal with small samples (<100 individuals per
site). Ninety percent of completeness was considered as a
satisfactory level of sampling efficiency (Moreno and Halffter,
2001).

2.3.2. Analyses at the assemblage level

Rank-abundance (dominace-diversity) graphs were built for
each sampling site following the methodology described by
Feinsinger (2001). These graphs constitute a useful tool for
visualizing some attributes of the assemblage such as species
richness (number of points), evenness (slope), number of rare
species (tail of the curve) and relative abundance of each species
(order of the species in the graph), and have been proposed as an
alternative way of comparing communities (Feinsinger, 2001).

For the comparison of species richness among successional
stages, we computed individual-based rarefaction curves (Gotelli
and Colwell, 2001), after pooling all capture data by successional
stage (EstimateS software, Version 8, Copyright R. K Colwell:
http://viceroy.eeb.uconn.edu/estimates). The 95% confidence
intervals of the moment-based estimator of species richness (Sobs
Mao Tau), were used to determine if significant differences existed
among successional stages (Colwell et al., 2004). We also
computed species density (number of species captured per
sampling night) and bat abundance (number of individuals
captured per sampling night) and compared their variations
among the four successional stages, sampling sites and between
seasons using generalized linear models (GLMs, GENMOD proce-
dure; SAS, 2000). The model used successional stage, sampling site
(nested within successional stage) and season (dry vs. rainy) as
categorical independent variables (main effects) and species
density and abundance, respectively, as response variables for
each analysis. A negative binomial distribution associated with a
log-link function was specified as it appeared to be the error
distribution that best describes the structure of our count data. The
negative binomial distribution has been previously proposed as an
appropriate underlying distribution for statistical analyses of
frequency count data (White and Bennetts, 1996). The least-square
mean (LSMEAN) and confidence limits corresponding to each of the
main effect categories, as well as the likelihood ratio statistic (p-
value based on the Chi-square distribution) were computed in
order to pinpoint significant differences between pairs of
categories (SAS, 2000).

Two other computed measures of species diversity were the
probability of interspecific encounter (PIE), which is an indicator of
evenness proposed by Hurlbert (1971), and the Shannon diversity
index (H) (Magurran, 2004). To allow direct comparison among
sites with different capture numbers, all indicators were standar-
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dized (individual-based) with rarefaction methods, using 1000
random reorganizations of sample orders (Gotelli and Graves,
1996). The Shannon diversity index was computed with EstimateS
software (Version 7.51; Colwell, 2005) and the PIE index was
computed with EcoSim software (Version 7.72; Gotelli and
Entsminger, 2004). Mean diversity indices for a given capture
number where compared among successional stages using the
nonparametric Kruskal-Wallis test.

Finally, in order to explain the change in species composition
during the successional process, we used binomial regressions to
test if the ubiquity of bats (proportion of secondary successional
stages and sites in which each species occurs) was significantly
related to their natural abundance in late stage mature forest.
Natural abundance was calculated as the average number of the
total individuals captured within the three sites representing the
late stage. Regressions where performed with the R software
(RDCT, 2006 R Development Core Team, 2006) following Faraway
(2006).

Table 2

2.3.3. Analyses at the guild level

The abundance (number of individuals captured per sampling
night) of the most represented guilds (frugivores and nectar-
ivores) was computed and compared among the four successional
stages, samplings sites and between seasons using generalized
linear models (GENMOD procedure; SAS, 2000) as explained
above.

3. Results

One hundred and forty-two sampling nights at the 12 sites
resulted in a 5964 net-m-night capture effort and led to the capture
of 929 individuals comprising 22 species and 4 families (Table 2).
Phyllostomidae was the most speciose and abundant family, with
16 species (72.7% of all species) and 606 individuals (65.2% of all
captures). The non-phyllostomid bats captured belong to the
families Mormoopidae (3 species), Vespertilionidae (2) and
Molossidae (1), and represented 32.8%, 1.8% and 0.1% of the total

Number of individuals captured at each study site. Successional stages (P: pastures, E: early, I: intermediate and L: late stage). Guild (Al: aerial insectivorous, GI: gleaning

insectivorous, F: frugivorous; N: nectarivorous; and S: sangivorous).

Guild Successional stage Total
Pasture Early Intermediate Late
P1 P2 P3 E1 E2 E3 I 12 3 L1 L2 L3
Mormoopidae?®
Pteronotus davyi® Al 0 1 0 0 0 0 0 0 0 1 0 1 3
Pteronotus parnellii® Al 16 10 0 57 13 12 35 5 2 54 30 65 299
Mormoops megalophylla® Al 0 0 0 0 0 0 0 0 0 0 0 3 3
Phyllostomidae?®
Phyllostominae®
Micronycteris microtis® GI 0 0 0 0 0 0 0 0 0 0 0 1 1
Glossophaginae®
Glossophaga soricina® N 2 1 0 27 3 28 2 8 6 4 0 21 102
Glossophaga commissarisi® N 0 0 0 3 1 16 0 4 1 0 0 4 29
Leptonycteris yerbabuenae® N 0 0 0 13 0 15 0 3 1 3 0 0 35
Choeroniscus godmani® N 0 0 0 0 0 0 0 0 0 0 0 1 1
Musonycteris harrisoni® N 0 0 0 0 0 0 0 0 0 1 0 0 1
Carolliinae®
Carollia sp.>¢ E 0 0 0 0 0 0 0 0 0 0 0 7 7
Stenodermatinae®
Artibeus jamaicensis® B 0 1 5 8 11 14 11 32 22 6 1 112 223
Artibeus watsoni® B 0 1 1 0 0 3 1 7 0 1 0 1 15
Artibeus intermedius® B 0 0 1 1 2 0 2 4 2 0 4 21 37
Artibeus phaeotis® B 0 0 0 5 0 1 0 1 4 0 1 13 25
Artibeus lituratus® B 0 0 0 0 0 0 0 0 0 0 1 2 3
Sturnira lilium® B 0 0 0 0 1 4 0 3 0 0 0 5 13
Centurio senex” I8 0 0 0 0 0 0 0 0 0 0 1 0 1
Chiroderma salvini® B 0 0 0 0 0 0 0 0 0 0 1 0 1
Desmodontinae®
Desmodus rotundus® S 0 0 0 2 1 6 6 2 13 14 0 68 112
Vespertilionidae®
Lasiurus blossevillii® Al 0 0 0 0 0 0 1 0 0 0 1 0 2
Rhogeessa parvula® Al 0 1 0 0 0 2 5 1 0 0 6 15
Molossidae®
Molossus rufus® Al 0 0 0 0 0 0 0 0 0 0 0 1 1
Total abundance 18 15 7 116 32 101 58 74 52 84 40 332 929
Phyllostomid abundance 2 3 7 59 19 87 22 64 49 29 9 256 606
Observed number of phyllostomid species 1 3 3 7 6 8 5 9 7 6 6 12 16
Completeness 90 94 91 94 90 95 93 96 96 94 94 95 90-96
Number of samples 4 8 8 15 10 14 15 15 10 16 9 18 142
2 Family.
b Species.
¢ Subfamily.
94 Leptonycteris curasoae, sensu Ceballos and Miranda (1986), was considered as Leptonycteris yerbabuenae based on Russell and Wilson (2006).
e

genus reported for the study area (Ceballos and Miranda, 1986).

The specimens of the genus Carollia were registered as Carollia sp. because none of them fit the morphological description of Carollia subrufa, the unique species of this



L.D. Avila-Cabadilla et al./Forest Ecology and Management 258 (2009) 986-996 991

captures respectively. The results presented are based on the
phyllostomid bat data.

3.1. Bat sampling completeness

The sampling effort was considered sufficient to characterize
the phyllostomid bat assemblage given that completeness reaches
90-96% at all sites (Table 2).

3.2. Assemblage level

Captures were dominated by three species: Artibeus jamaicensis
(36.8%), Desmodus rotundus (18.5%) and Glossophaga soricina
(16.8%), which together represented 72.1% of the phyllostomid
bats. A. jamaicensis and G. soricina were dominant in most of the
sampling sites (Fig. 2). Eight species presented an intermediate
level of abundance (from 0.5% to 6.1% of all phyllostomid bats) and
five rare species were represented by a single individual (Table 2).
All the rare species (Micronycteris microtis, Choeroniscus godmani,
Musonycteris harrisoni, Centurio senex, Chiroderma salvini), as well

o, m 1 P1
-0.11 , P3
.02 ]
034 P2
-0.4 4
.05 *r—r—
-0.6 1
0.7
-0.8 4 4 3
-09

(=]
l

Species abundance (log; pi)

Rank in sample from most to least abundant

Fig. 2. Rank-abundance (dominance-diversity) graph of species captured at
Chamela-Cuixmala in all sampled sites. Numbers represent species captured. 1:
Glossophaga soricina, 2: Artibeus jamaicensis, 3: Artibeus watsoni, 4: Artibeus
intermedius, 5: Leptonycteris yerbabuenae, 6: Artibeus phaeotis, 7: Glossophaga
commissarisi, 8: Desmodus rotundus, 9: Sturnira lilium, 10: Musonycteris harrisoni, 11:
Artibeus lituratus, 12: Centurio senex, 13: Chiroderma salvini, 14: Carollia sp., 15:
Choeroniscus godmani, 16: Micronycteris microtis. P1-P3: pasture’s sampling sites,
E1-E3: early stage’s sampling sites, [1-13: intermediate stage’s sampling sites, L1-
L3: late stage’s sampling sites. pi: relative abundance of each species.

20 q
18 4
16 4
144
124
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a
o
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Fig. 3. Individual-based rarefaction curves (sensus Gotelli and Colwell, 2001) for
early (triangle), intermediate (square), and late (rhombus), successional stages.
Simple lines delineate the 95% confidence intervals.

as two of the species with an intermediate level of abundance
(Artibeus lituratus and Carollia sp.), were exclusively captured in the
mature forest (Table 2).

Phyllostomid species richness varied from 1 to 12 among sites,
and totaled 4 in pastures, 9 in early, 9 in intermediate and 16 in late
stages (Fig. 2). The individual-based rarefaction curves (Fig. 3),
suggest that we sampled all species occurring in early and
intermediate stages after about 100 captures, as curves reached a
asymptote with a negligible confidence interval. Late stage samples,
on the contrary, did not reach a ceiling and eventually attained
significantly higher species richness than other sites after about 130
captures, as shown by the non-overlapping confidence intervals.

In pastures, due to the paucity of captures, the corresponding
rarefaction curves did not provide valuable information. Never-
theless, GLMs performed on species density and bat abundance
revealed strong differences between pastures and all other
successional stages (species density: x?=28.72, df=3,
p = <0.001, bat abundance: x?=29.16, df =3, p = <0.001), where
pastures presented the lowest values for both parameters (Fig. 4).
The species density and bat abundance were also significantly
different between sampling sites (2 =42.44, df=8, p = <0.001;
x>=55.62, df=8, p=<0001, respectively), and season
(x*>=28.20.44, df=1, p=<0.001; x?>=31.32, df=1, p=<0.001,
respectively). The successional stages that presented significant
differences between sampling sites were: (1) intermediate and late
stages for species density and (2) early, intermediate and late
stages for bat abundance (Fig. 4). The dry season presented the
lowest value for both species density and bat abundance.

The diversity index values of PIE and H, could not be adequately
documented for pastures. In spite of the pattern of increasing species
richness observed during the process of succession (4 in pastures, 9
inearly,9 inintermediate, 16 in late) the diversity index values were
statistically indistinguishable among the three successional stages
and among sampling sites (Table 3). The standard error values
corresponding to each stage indicate that in all cases the highest
variation among sampling sites occurred in the late stage (Table 3).

The level of species ubiquity found in secondary sites was
explained by the species’ natural abundance. The natural
abundance of species was positively related to the number of
secondary sites (binomial logit regression, x?=37.62. df=14,
p < 0.001), and secondary stages (x? =10.4, df = 14, p=0.001) in
which the species occur. Removing the 3 most abundant species
from the analysis, in order to determine if the results were biased
by them, did not alter this pattern (site numbers: x°=14.78,
df =11, p < 0.001; stage numbers: x?=9.56, df =11, p = 0.002).

3.3. Guild level

Frugivorous (56.3% of species and 53.6% of individuals) and
nectarivorous bats (31.1% and 27.7%) accounted for the highest



992 L.D. Avila-Cabadilla et al./Forest Ecology and Management 258 (2009) 986-996

,.\
>
N
)
A

bed bed

per night (LSMean)
w

cd

Average number of species caught

(B)

25 4

20 4

ce

per night (LS Mean)
o

be b

Average number of individuals caught

P1 P2 P3 P E1 E2 E3

ce
b
b b
bd bd ab
E 11 12 13 | L1 L2 L3 L

Sampling sites

Fig. 4. Average number of species (A) and number of individuals (B) of phyllostomid bats captured each night (species density and bat abundance, respectively), at the
different sampling sites (open bars) and successional stages (shaded bars) (+95% confidence intervals). Bars sharing a letter are not significantly different (p > 0.05). P: pastures,

E: early, I: intermediate and L: late stage.

percentage of both captured species and individuals (Table 2). The
other two guilds recognized in the pool of captured species were
represented by just one (sanguivores: D. rotundus and gleaning
insectivores: M. microtis), with 112 individuals of D. rotundus and
just 1 of M. microtis captured (Table 2).

The number of foraging guilds represented in bat assemblages
was higher in the late successional stage (pastures: 2, early stage:
3, intermediate stage: 3 and late stage: 4). No sanguivorous bats
were captured in the pastures and the only gleaning insectivore
was captured in the late stage.

The number of frugivorous species in the assemblages increases
towards the late successional stage, ranging from 3 in pastures, 5 in

Table 3

Rarified diversity index values (confidence intervals in parenthesis) for each
sampling site. The Chi? and p-values presented are from the Kruskal-Wallis test
used to compare the successional stages. All indices were rarified at 19 individuals.
The pasture stage and the L2 site were not considered in the analyses due to the low
number of collected individuals. Indexes (PIE: evenness index; H: Shannon diversity
index).

Successional stages and sites Diversity index

PIE H

Early stage
E1 0.59 (0.53-0.73) 1.22 (0.69-1.75)
B2 0.65 (0.65-0.65) 1.13 (0.76-1.50)
E3 0.56 (0.39-0.76) 1.21 (0.47-1.95)
Mean + SE 0.62 + 0.04 1.19 + 0.05

Intermediate stage
I1

0.68 (0.61-0.75)

1.12 (0.67-1.57)

12 0.63 (0.43-0.78) 1.17 (0.70-1.64)
I3 0.70 (0.53-0.84) 1.21 (0.74-1.68)
Mean =+ SE 0.67 £ 0.03 1.17 + 0.05

Late stage
L1 0.67 (0.53-0.75) 1.16 (0.65-1.67)
L3 0.88 (0.59-1.15) 1.47 (0.82-2.12)
Mean + SE 0.76 +0.12 1.32 +0.22

Chi%; p 4.03; 0.13 0.90; 0.64

early stage, 5 in intermediate stage, to 9 in late stage (Table 2). Four
frugivorous species were exclusively captured in the late stage:
Carollia sp., A. lituratus, C. senex and C. salvini (Fig. 2). The mean
number of frugivores captured per sampling night was not
significantly different among successional stages (GLM,
x*=3.73, df=2, p=0.1552), but it differed among sites
(x*=5198, df=6, p=<0.0001) and between seasons
(x?>=20.38, df=1, p=<0.0001) (Fig. 5). The successional stages
in which there were differences among sampling sites were the
intermediate and late. The dry season presented lower numbers of
frugivores captured per sampling night.

As in the case of frugivorous bats, the number of nectarivorous
species increased toward the late stage (pasture: 1, early stage: 3,
intermediate stage: 3, late stage: 5) (Table 2). Two species were
exclusively captured in the late stage (C. godmani and M. harrisoni)
(Fig. 2). The abundance of nectarivorous bats captured per night
was significantly different among successional stages (x> = 6.15,
df =2, p=0.0463), sampling sites (x%=21.51, df=6, p=0.0015),
and season (x> =9.57, df = 1, p = 0.0020; Fig. 5). More nectarivores
were captured, on average, in the early stage and in the rainy
season; however, significant differences among sampling sites
were only found in the late successional stage. Pastures could not
be statistically compared in the analysis of frugivores and
nectarivores because many zeros in the datasets precluded the
calculation of the likelihood ratio statistic for all comparisons.

4. Discussion
4.1. Assemblage level

As expected, results suggest differences among bat assemblages
in different successional stages of TDF. Bat assemblages with lower
species richness, species density and bat abundance (Figs. 2 and 4)
were found in pastures, while assemblages with higher species
richness were found in later successioanl stages. Bat assemblages
in pastures were composed of only four species occurring in low
abundance (Fig. 2). Indeed, due to the low number of captured
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individuals and species in this stage, it was impossible to consider
pastures in most of the quantitative analyses. A similar low capture
rate of bats in pastures was found in a study evaluating the effects
of forest fragmentation on bat assemblages in tropical rain forest
(Estrada et al., 1993).

The depauperate phyllostomid bat community found in
pastures may be a consequence of the scarcity of food resources,
as well as the simplicity of the vegetation structure characteristic
of this stage (Chazdon et al., 2007). Most of the phyllostomid bats
inhabiting the region are frugivores and nectarivores that cannot
obtain food, roost or shelter in the pastures where introduced
grasses constitute the most important component of the vegeta-
tion. Several studies have documented how the presence and
density of trees can determine the presence and abundance of bats
in pastures because trees may provide roost, shelter and food
(Galindo-Gonzalez and Sosa, 2003; Lumsden and Bennett, 2005;
Medina et al., 2007). In addition to scarcity of resources in pastures,
some bats may avoid open areas to avoid predation pressure or
because they are not adapted to cover large distances among food
patches while foraging (Henry et al., 2007). The size of pasture
plots and structure of the surrounding landscape may further
influence local bat abundances and is an issue which warrants
further research.

The late stage showed the bat assemblage with the highest
species richness (all the phyllostomid species reported in this
study), where 7 species, including all the rare ones (species
represented by a single individual), were exclusively found in this
stage. Again, this result may be a consequence of the differences
among successional stages in terms of vegetation structure and
composition, which determine the habitat quality and resource
availability for this group. The vegetation in late stages presents
the highest diversity and structural complexity in relation to other
successional stages (Chazdon et al., 2007), consequently it shows
higher resource availability. This condition would favor the
presence of richer bat species assemblages. Similar results were

also found in a subtropical moist forest (dos Reis and Muller, 1995)
and a tropical rain forest (Medellin et al., 2000). In both studies, the
authors found that the most specious bat assemblages occurred in
the most diverse and structurally complex habitats.

There were no significant variations in species density, bat
abundance and other diversity indicators (PIE, H) among the bat
assemblages occurring in early, intermediate and late stages. L3
had the highest values of the late stage sites; however, the great
variations among sampling sites, particularly in the late stage, did
not allow the detection of any differences among stages. Similar
results were also found by Castro-Luna et al. (2007), when
comparing bat assemblages associated with different successional
stages in a tropical rain forest. These authors argued that
similarities in diversity found among assemblages may be a
consequence of compensation, implying that competition among
species for limiting resources is an important factor structuring
such assemblages.

When pooling all the species captured per successional stage
we found that the species within any successional stage were a
combination of the species found at the previous stage plus new
ones. Furthermore, we found a strong relationship between the
natural abundance and ubiquity of species. The most abundant
species in the late successional stage also occurred in more
secondary stages and sites than the least abundant species, which
were only found in the late succession stage. This pattern may be
explained by the fact that the species that occur naturally at low
abundance may be more sensitive to habitat modification due to an
increased risk of local stochastic extinction (Davies et al., 2000;
Henle et al., 2004). In contrast, species that occur naturally at high
abundance could be less susceptible to habitat disturbance due to
their generalist requirements or because their probability to arrive
to modified areas is higher compared to less abundant species
(Cosson et al., 1999a,b). Several other studies have found that the
naturally most abundant species are also more abundant in
disturbed areas (Estrada et al., 1993; Willig et al., 2007; Meyer
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et al., 2008) and that the rare species are mostly associated with
mature forest (Brosset et al., 1996). Several of the rare species
reported here (C. senex, M. harrisoni, M. microtis), already have been
identified as rare species or mature forest dwelling species in
previous studies (Fenton et al., 1992; Estrada et al., 1993; Stoner
et al., 2002; Schulze et al., 2000).

Significant variation in both species density and abundance was
found between the dry and rainy season, where the highest values
were registered during the rainy season. This variation corre-
sponds to the marked seasonality in the availability of resources
typical of TDF (Bullock, 1995). According to Stoner (2005), in
Chamela TDF the highest peaks of chiropterochoric and chiropter-
ophilic resources occur during the rainy season.

4.2. Guild level

Frugivores and nectarivores constitute the trophic guilds best
represented in our bat assemblages. The absence of omnivores,
carnivores and the scarcity of gleaning insectivores, represented in
this study by a single individual (M. microtis), can be a consequence
of the isolation of Chamela TDF from tropical rain forest. According
to Ceballos (1995), a significant part of the TDF fauna is a subset of
the tropical moist/rain forest fauna. The TDF located along the
western coast of Mexico is tenuously connected to the southern
tropical moist forest (Ceballos, 1995). Indeed, Stoner (2005), based
on the species composition and guild structure of the Chamela bat
community, suggests that this one is more similar to simpler
neotropical savanna communities.

No significant variation was found in the abundance of
frugivorous bats among the early, intermediate and late stages.
Nevertheless, a significant site effect was detected for frugivore
abundance. The late site L3, for example, showed the highest
abundance. This site is located near humid areas (riparian and
semideciduous forest) where some species of the genus Ficus,
Brosimum and Piper occur; these species constitute some of the
most important food sources for neotropical frugivorous bats
(Geiselman et al., 2007).

In contrast to results obtained in tropical humid and rain forests
(e.g. Brosset et al., 1996; Schulze et al., 2000), the abundance of
frugivorous bats in Chamela TDF was not higher in areas of
secondary successional vegetation. This divergence may be a
consequence of distinct plant community composition among the
early stages of these forests. In tropical dry forest, for example,
early successional stages are dominated by anemochorous plants
which do not constitute food resources for frugivorous bats (Vieira
and Scariot, 2006). In contrast, in wetter tropical ecosystems,
chiropterochoric species such as Cecropia spp., Piper spp., Solanum
spp., and Vismia spp., are dominant in early stages and constitute
the bulk of the diets of most frugivorous bats (Brosset et al., 1996;
Fleming, 1988).

Nectarivores reached their highest abundance in the early
stage. This may be due to the presence of several Crescentia alata
(Bignoniaceae) trees close to the early stage sites. These trees
represent an important food source for nectarivorous bats in the
region (Stoner et al., 2003). Additionally, two of the most abundant
species of woody plants found in the early stages (Mimosaceae: A.
farnesiana, Bignoniaceae: C. alliodora), have been reported as
chiropterophilic species (Tellez and Ortega, 1999).

A significant effect of seasonality on the abundance of
frugivores and nectarivores was detected in this study. The same
result was obtained in a previous study performed in the region by
Stoner (2005), which states that the strong seasonality in resource
availability provokes the seasonal change in the abundance of
these guilds.

When comparing our results with previous studies performed
in tropical moist/rain forest we find several similarities between

these systems including: (1) phyllostomid assemblages occurring
in pastures are depauperate in relation to the ones occurring in
later stages; (2) a large proportion of species occur in secondary
habitats; (3) the most preserved forest showed the highest species
richness; and (4) the natural abundance of species can significantly
explain their ubiquity in transformed habitats. The main dissim-
ilarity we found between our study in TDF and previous studies in
moist/rain forest is that the abundance of frugivorous bats in more
humid environments is higher in secondary habitats while in the
Chamela TDF this did not occur.

4.3. Implications for management and recommendations for
future research

According to our data, the definitive loss of TDF mature
vegetation could provoke a significant reduction in phyllostomid
bat diversity. Rare species would be more affected because they
are most tightly associated with this habitat. Nevertheless, our
data also show that secondary vegetation provides important
habitat for many phyllostomid species. Based on this informa-
tion we recognize the importance of both of these habitat types.
Since it is unrealistic to exclusively maintain intact mature
forest in this region, we suggest that land-use regulations focus
on maintaining connectivity of a mosaic of areas of secondary
and mature vegetation. This would help to preserve the diversity
of bats in the region as well as their important ecological
interactions (pollination and seed dispersal). Our data also
suggest that pastures dominating this landscape would cause a
strong reduction in the diversity of this important group of
animals.

Changes observed in phyllostomid bat assemblage in different
successional stages may ultimately have consequences for the
regeneration of plant communities in these areas. For example, the
most dramatic changes of bat assemblages along succession were
observed in pastures. Here, the significant reduction in phyllos-
tomid diversity and abundance could affect the arrival of
chiropterochoric species, as well as the reproduction of the
chiropterophilic species found in these areas. The dominance of
pastures in a transformed landscape, and the associated change in
phyllostomid bat assemblage also may result in a reduction of gene
flow among chiropterochorous and chiropterophyllic plants
occurring in surrounding fragments of vegetation. Nevertheless,
it must be noted that most of the species capable of germinating
and establishing in pastures are anemochorous because they can
better resist the dryness and strong irradiation found in pastures
(Vieira and Scariot, 2006). More detailed studies documenting the
distribution and abundance of bat-pollinated and bat-dispersed
species in different successional stages of TDF, as well as genetic
studies documenting gene flow, will provide important informa-
tion for better understanding the consequences of changes in bat
assemblages among successional stages.

This is the first study to document changes in bat assemblages
along successional stages in TDF. To determine if our results
represent a general pattern for TDF of if they are site specific,
studies in other TDFs must be conducted to help recognize patterns
in phyllostomid bat assemblages. Considering the high inter-site
variation found in phyllostomid assemblages among our sampling
sites, future studies should include greater numbers of sites per
successional stage. Additionally, the detection of local and
landscape-level factors determining the presence/abundance of
bats in each successional stage should be evaluated. This knowl-
edge will constitute a scientific basis for the proper management of
modified landscapes. Studies supplying such information are
extremely important given that species habitat specificity and the
impact of human disturbance on their populations are unknown
for most bat species (Fenton, 1997).
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RESUMEN

Los bosques tropicales secos (BTS) se encuenttemles ecosistemas tropicales mas
amenazados y estan siendo modificados de formaente@or actividades humanas como la
ganaderia y la agricultura, mismas que provocaeezhplazamiento de la vegetacion natural por
un complejo mosaico de parches de vegetacion eredies estadios sucesionales, campos
agricolas y pastizales. En este contexto, se hdmmadamente necesario entender como los
diferentes taxa responden a las modificacionebalatat. Especial atencion deben de recibir
aguellos taxa que juegan un papel critico en losistemas, como los murciélagos filostomidos,
quienes facilitan el flujo génico entre las poldaes de plantas y promueven la regeneracion de
los bosques. En este estudio buscamos identifateones potenciales en la presencia y
abundancia de los murciélagos filostomidos a Igdate diferentes estadios sucesionales del BTS.
La respuesta de estos murciélagos a la suces@&rabe tanto a nivel poblacional y de ensamble
(abundancia), como a nivel de ensamblaje (riquezssgecies, composicion especifica y
composicion de gremios troficos). Para ello, m@astros con redes de niebla los ensamblajes de
murciélagos en 12 sitios, representando 4 difesezdgtadios sucesionales (inicial, temprano,
intermedio y tardio) en 3 BTSs localizados a tradeésin gradiente latitudinal: 1) la reserva de la
biosfera Chamela-Cuixmala (RBCC), México, 2) Haiitelo (HP), Venezuela y 3) el parque
estatal de Mata Seca (PEMS), Brasil. En este s&stinestudio evaluamos también cémo la
marcada estacionalidad en el régimen de precipitaie estos bosques modula la presencia y
abundancia de los murci€lagos. En la RBCC se aaptu606 filostdmidos, clasificados en 15
especies, 11 géneros, 5 subfamilias y 4 gremifisdsd En HP, la captura ascendi6 a 996
individuos, clasificados en 30 especies, 17 généreabfamilias y 6 gremios tréficos, mientras
gue en el PEMS se registraron un total de 808 iitdos clasificados en 21 especies, 16 géneros,
5 subfamilias y 6 gremios troficos. En general oeri@mos una gran especificidad en la respuesta
de los murciélagos filostdmidos, siendo ésta paeiade las especies, gremios troficos, estaciones
y regiones. Considerando la incidencia y abundastia cual los taxa (especies, géneros,
subfamilias) se presentaron en los diferentes iestadcesionales, detectamos que solamente unos
pocos de ellos estuvieron tan fuertemente asocadosdeterminado estadio, que pudieron ser
considerados como taxa indicadores de ese eskExtas asociaciones, sin embargo, variaron con
la estacion del afio. Mediante el andlisis de lauestra espacial filogenética de los ensamblajes,

se detecto, en dos de las tres regiones estudRB&C y HP), que los ensamblajes presentaban
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un agrupamiento filogenético significativo dural@@€poca de lluvia. Este resultado sugiere que
cambios estacionales pueden estar ocurriendo gmdoesos que subyacen a la conformacion de
los ensamblajes. Consideramos, entonces, extreneatiamecesario tomar en cuenta la variacion
en las condiciones ambientales cuando se estudiaistemas estacionales. También es necesario
hacer énfasis en el estudio de los patrones felwo®gde las plantas, debido a que éstos parecen
modular la diversidad y abundancia de recursosts sistemas. Concluimos que la alta
especificidad en la respuesta de los filostomidias &ransformaciones del BTS puede deberse a:
1) las condiciones ambientales distintivas de cadin, 2) la conducta y requerimientos
ecologicos especificos de las especies que senpaiasen la region, 3) la composicion, estructura
y patrones fenoldgicos de los ensamblajes de @anta ocurren en los diferentes estadios
sucesionales y 4) la composicién y configuracidrpdéesaje de la region. Como la presencia y
abundancia de estas especies tan vagiles puedeesianinada significativamente por los
atributos del paisaje, en aras de alcanzar un reajendimiento acerca de los factores que
determinan la presencia y abundancia de los fihogtds en los paisajes antropogénicos,
recomendamos extender el foco de atencion de fodies mas alla de la caracterizacion del
habitat a escala local (p.gj. clasificacion delitadlen diferentes estadios sucesionales) paraiincl

Su caracterizacion a nivel de paisaje (composigiéonfiguracion).
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Abstract

Tropical dry forests (TDFs) are among the most egdeed tropical ecosystems, being
increasingly modified by human activities as catlising and agriculture, which provoke the
replacement of the natural vegetation by a complegaic of patches of different successional
stages, agricultural fields and pasturelands. ilxdbntext, it is urgent to understand how the
different taxa respond to habitat modification. Sgkemphasis deserve those taxa playing critical
roles in the ecosystems as the phyllostomid bdighwfacilitate the genetic flow among plant
populations and promote forest regeneration. lkghudy we aim to identify potential patterns on
phyllostomid bats occurrence in different TDF sisstenal stages. Occurrence was evaluated at
population and ensemble level (abundance) as weilt the assemblage level (species richness
and composition, guild composition). Specificallye mist-netted bat assemblages in 12 sites
representing 4 different successional stagesdingarly, intermediate and late) in 3 TDFs located
across a latitudinal gradient: 1) the Chamela-Catenbbiosphere reserve (CCBR), Mexico, 2)
Hato Pifieiro (HP), Venezuela and 3) the Parquedbatala Mata Seca (PEMS), Brazil. We also
evaluated how the marked seasonality of the TDEsipitation regime modulates bats
occurrence. In CCBR we captured 606 phyllostomidssified in 15 species, 11 genera, 5
subfamilies and 4 broad guilds. In HP capturesrasae to 996 individuals classified in 30
species, 17 genera, 5 subfamilies and 6 broad gtilé in PEMS a total of 808 individuals
classified in 21 species, 16 genera, 5 subfamalies6 broad guilds were registered. In general we
found high specificity on the phyllostomid bat ooemce as it showed particularities relative to
the species, guilds, seasons and regions. Consjdiae incidence and abundance in which taxa
occur in the different successional stages, weddhat only a few of them were so tightly
associated to a given stage that could be consldedécators of such stage. However, this

association changed between seasons in all cagesdby/zing the spatial phylogenetic structure
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of the assemblages, we detected phylogenetic dingtguring the rainy season of two of the three
regions. This finding points toward a seasonal geamn the processes underlying the
conformation of such assemblages. We then coneidezmely necessary to account for
variations in environmental conditions when studyseasonal ecosystems. It is also necessary to
emphasize on the study of plant phenological padtas they appear to modulate the resources
abundance and diversity in these systems. We cdedlthat the high specificity of phyllostomid
bats response to TDF transformation could aris@frb) the distinctive environmental conditions
of each region, 2) the specific behavior and edoldgequirements of the regional bat species, 3)
the composition, structure and phenological pastefrplant assemblages occurring in the
different successional stages and 4) the regiamaldcape composition and configuration. As the
occurrence of vagile species could be significaddtermined by the landscapes attributes, in
order to reach a better understanding about phghasls occurrence in anthropogenic landscapes,
we strongly recommend to extend the focus of thdies beyond the characterization of the
habitat at a local scale (i.e. classification dfedent successional stages) to include its

characterization at a landscape level (composéimhconfiguration).

31



1. Introduction

In the Neotropics, the natural landscape has bezaasingly modified by human activities such
as cattle raising and agriculture (Skole and Tude&3, Maass 1995, Nepstad et al. 1999,
Primack et al. 2001, Quesada and Stoner 2004)pkioy the replacement of natural vegetation
by a complex mosaic of patches of different sudoass stages, agricultural fields and
pasturelands (Sanchez-Azofeifa et al. 2005, Chaetlah 2007, Quesada et al. 2009). In fact, in
several countries that present more than 2 % afardeforestation (Primagdt al. 2001),
transformed landscape likely will be the predomtrfaabitat available for wildlife in the near
future (Hilty et al. 2006, Quesada et al. 2009)n€amuently, it is urgent to determine which
factors shape the distribution and performancdafbn Neotropical landscapes transformed by
human activities, paying special attention to tpagicipating in critical ecosystem functioning
(Cosson et al. 1999, Jordan 2009).

In the Neotropics, bats are considered a key-gjomgp due to the ecological services they
provide: seed dispersal, pollination, control ofdartebrate and small vertebrate populations and
recycling and translocation of nutrients and endFRigming 1982, Charles-Dominique 1986,
Fleming 1988, Gorchov et al. 1993, Whitaker 1998lidnte-Banuet et al. 2004, Muscarella and
Fleming 2007, Kalka et al. 2008, Williams-Guillénag 2008). Bats favor the maintenance of
plant diversity as they facilitategene flow amomgfaht plant populations and the dispersion of
plant species across the landscape, via polles@ad translocation (Fleming 1988, Fleming et al.
2009, Lovoba et al. 2009). In fact, in some depeag&opical areas, it has been suggested that
bats can promote forest regeneration as nearlyoh#tie most abundant pioneer plants are
presumably dispersed by them (Sslanum, Cecropia, Piper, Vismia, Charles-Dominique 1986,
Gorchov et al. 1993). Insectivorous bats can sicgmitly reduce forest herbivory levels as well

(Kalka et al. 2008).
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In tropical environments, bats deal with seasolngktdiations of key resources (i.e. food,
roost) and climate conditions (i.e. humidity, temgtere) through behavioral and physiological
adaptations. Examples of this are changes in degidth, type of food, food intake rate, patterns of
habitat use, defense of feeding areas as well gatary behavior (Heithaus et al. 1975, Whitaker
and Black 1976, Bonaccorso 1979, Thomas 1983, Rigamd Heithaus 1986, Arroyo-Cabrales et
al. 1987, Cockrum 1991, Wilkinson and Flemings 13%érrera et al 2001, Tschapka 2004,
Ayala-Berdon et al. 2009). Indeed, tropical batgehthe capacity to enter in torpor as a response
to energetic restrictions and as a mechanism foidavg dehydration in arid zones (Geiser 2004,
Kelm and Helversen 2007).

One of the most endangered and seasonal ecosystthimsthe Neotropics is the tropical
dry forest (TDF), a preferred zone for agricultarel human settlements (Quesada & Stoner 2004,
Sanchez-Azofeifa 2005), that is distributed alorgstrof the latitudinal gradient of the
Neotropical region (approximate extension 519,58i7 &ccording to Portillo-Quintero and
Sanchez-Azofeifa 2010). TDFs are characterized imakked seasonality in the precipitation
regime and a severe dry season (DS) which caffrtastthree to eight months, depending on the
latitudinal position. TDFs nearest to the latituadimit of the tropics present the longest DS
(Murphy and Lugo 1986, Sanchez-Azofeifa et al. 300@ciduousness is characteristic of TDF
vegetation with at least 50% of the trees losimrtleaves during the DS (Bullock and Solis-
Magallanes 1990, Sanchez-Azofeifa et al. 20053pite of being one of the most endangered
ecosystems (66% reduction in its original areatilReQuintero and Sanchez-Azofeifa 2010),
TDF is one of the least protected habitats (Mded. 2006) and has historically received little
scientific attention in comparison to other Neotcapsystems (Sanchez-Azofeifa et al. 2005).

As plant phenological patterns and primary proditgtiare strongly seasonal in TDFs,

bats occurring in these systems have to deal ugthfeant seasonal changes in terms of
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vegetation structure and type and amount of fo@la&ska et al. (2005), for example, report
significant differences between seasons in cangeyimess, plant area index (PAI) and leaf area
index (LAI) of three TDFs. These changes on vegmiatructure could significantly impact the
activity of several bat species found in the Negaits, especially those belonging to the family
Phyllostomid which strongly depend on highly clug space for foraging and are sensitive to
change in vegetation structure (Kalko et al. 19865son et al. 1999). Insect consuming bats also
can experience significant changes in food avditgietween seasons as precipitation, primary
productivity and insect abundance and diversitypamstively related in the tropics (Wolda 1978,
Frith and Frith 1985, Martinez-Yrizar et al. 199@l&Pescador-Rubio et al. 2002). Nectarivorous
and frugivorous bats face significant variation$aod availability as well, due to the pronounced
seasonality in the flowering and fruiting of tresexl shrubs (Frankie et al. 1974, Fleming 1988,
Stoner et al. 2003). Seasonal differences in cterophilic and chiropterocoric resources were
reported by Stoner (2005) in two TDFs (Mexico ara$@ Rica), where the highest peaks of
chiropteophilic resources occurred during the D& atrthe beginning of the RS, whereas the
highest number of canopy trees with fruits occudedng the RS.

The response of bats to seasonality provokes mad@&sbnal changes in their assemblages
and ensembles. Stoner (2001, 2002, and 2005) aital Babadilla et al. (2009), for example,
found significant changes in frugivore and nectam@vabundance between the TDFs seasons. In
spite of this seasonal variation in bat assemblagdssnsembles, most of the studies addressing
bat response to habitat alteration, have combiaéal across seasons or analyzed data from a
single season (Klingbeil and Willig 2010). Theseraaches may obscure important features
about bat response, making difficult the discrimiorabetween casualty and patterns. Klingbeil

and Willig (2010), for example, report seasonaledldnces in the response of bat assemblages and
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ensembles to variation of landscape attributes pasition and configuration) in an evergreen
forest of the Amazon.
1.1. Sudy Focus and objectives
The main goal of this study was to identify andlakppotential patterns of phyllostomid bat
occurrence in different successional stages reptiegethe transformed landscapes of TDF,
incorporating the effect of seasonality. For thisgmse we studied a latitudinal gradient of
Neotropical dry forests. First, we documented #wssenal changes on the attributes of
phyllostomid assemblages (species compositiongtsire, species richness and abundance) along
the gradient. Second, considering the seasonaléycompared the assemblages (species richness,
species and guild composition), ensembles (abumdiamzl populations (abundance) occurring at
the different successional stages. Third, we etatlitne seasonal distribution of species, genera
and subfamilies in the different successional sagerder to identify successional/seasonal
indicator taxa. Finally, by evaluating assemblgggial phylogenetic structure, we discussed the
possible mechanisms determining phyllostomid astayelcomposition, as well as the seasonal
differences in such mechanisms. A chronosequerm®agh was used as a baseline for this study
where we contrasted the data from three Neotropigelorests spanning a wide gradient in
latitude (Mexico, Venezuela and Brazil) and drynesel differing in their bat species pools.

We focus on phyllostomid bats for the followingseas: 1) they constitute the bat family
with the greatest diversity, both taxonomical amactional in the Neotropics (Hutson et al. 2001),
2) they show specialized requirements for foodsting sites and habitat selection that make them
useful indicators of habitat change (Jones etGf199 and 3) they include the vast majority of
Neotropical nectarivores and frugivores, guildd fhlay critical roles in ecosystem functioning

(Hutson et al. 2001, Geiselman et al. 2002 onwlasdoba et al. 2009).
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We predict that: 1) Seasonal variations in phytlostl assemblages will occur as a
consequence of the marked seasonality of TDFssggiblages in different successional stages
will differ in terms of composition and structu@reater differences will occur between the
preserved forests and the secondary vegetatioleasigg insectivores and carnivores, mainly
belonging to the subfamily Phyllostominae, arettighssociated with the preserved forest
(Fenton et al. 1992, Medellin et al. 2000, Joned.2009). In this sense, the region with the
highest percentage of species belonging to theis#sguill show the greatest difference among
the successional assemblages. 3) Because of the atentioned patterns, taxa belonging to the
subfamily Phyllostominae will show a higher prob#piof being identified as indicators taxa of
the most advanced successional stages. 4) Seasoiadions in the mechanisms determining
phyllostomid assemblage composition are anticipated consequence of the strong seasonal

variation in TDF environments.

2. Methods

2.1 Sudy area and sampling sites

The study was performed in three regions spanniagtadinal gradient from north to south: 1)
The central western coast of Mexico, in and surdingnthe Chamela-Cuixmala Biosphere
Reserve (hereafter CCBR) located in the statelfcda (19°22'-19°35’'N, 104°56'-105°03'W,

http://www.ibiologia.unam.mx/ebchamela /index.hin@) The llanos of west-central Venezuela in

Hato Pifiero (hereafter HP ), a natural area locaté¢loe state of Cojedes (8°40'-9°00’N, 68°00'—

68°18'W, http://www.hatopinero.com/turism@y and 3) The valley of the S&o Francisco River in

Brazil, in and surrounding the Parque Estadual dsaNbeca (hereafter PEMS) located in the state

of Minas Gerais (14°48'— 14°56’S, 43°55'- 44°04'\EF 2000).
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These regions, with a markedly seasonal patteraiofall, represent a gradient of
precipitation. In HP average annual precipitat®i469 mm, with 86% of the rainfall occurring
between May—October (Scognamillo et al. 2003).EBMBS average annual precipitation is 818 *
242 (SD) mm, with most of the rainfall occurringriohg November—April (Madeira et al. 2009).
In CCBR average annual precipitation is 763 + 25B)(mm, with most of the rainfall occurring
during June—October (Avila-Cabadilla et al. 2009)erage annual temperature of the three

regions is approximately 25°@tfp://www.ibiologia.unam.mx/ebchamela/index.ht#htunes

1994, Scognamillo et al. 2003).

In general, the landscape of the three regionsnstduted by a mosaic of interdigitated
forests and open areas, where vegetation typesefireed based on interactions of elevation,
substrate and hydrology, being water availabilig most relevant source of environmental
heterogeneity for plant establishment and growtbdiey et al. 1995, Murphy and Lugo 1995,
Balvanera et al. 2002). Tropical dry forest (seHsldridge 1947) constitutes the predominant
vegetation type in these regions being mostly asttwith rolling hills in CCBR and HP and
with flat and nutrient—rich soils in PEMS (Lott I39EF 2000). In all three regions small areas of
tropical semi-deciduous forest occur along permaneers and temporary creeks. In HP, during
the rainy season, up to 80% of the ranch is fload#édwater depths ranging from a few
centimeters to 1.5 m (Scognamillo et al. 2003).

Agriculture and cattle raising are the most impatreconomic activities in the three
regions but tourism is also important in CCBR arRl As a consequence of these human
activities, large areas of these landscapes amred\by cattle ranches, agricultural fields and
patches of secondary vegetation representing diffesuccessional stages.

We used a chronosequence approach as a baselsaaipling site selection. In each

region we selected twelve sampling sites (thres er treatment) representing four successional
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stages differing in time since abandonment: pasiuwarly successional stages (3-5 years),
intermediate successional stages (8—12 years inRRC&# 18—-25 years on HP and PEMS), and
late successional stages (at least 50 years old).

In general, pastures are dominated by non-natiaesgs and a few shrubs and treelets left
standing for fencing and cattle shading. Early sgsmnal stage is characterized by an increasing
presence of shrubs and the permanence of the rive-gaasses and treelets. The height of the 10
tallest woody plants in this stage ranges from-56060 m in PEMS and 3.50-7.00 m in CCBR to
0-16 m in HP. The higher heights found in somessafeHP are due to a few high trees left
standing. In the intermediate successional sthge/egetation shows increments in height, basal
area and species number with respect to the dadg $§Chazdon et al. 2007, Madeira et al. 2009).
The height of the 10 tallest woody plants here earfgom 7.00-12.00 m in HP and 10.40 —13.20
m in CCBR to 14.30-15.40 in PEMS. Finally, the Istiecessional sites present, on average, the
most structurally complex vegetation and the higepscies richness (pers. obs, Chazdon et al.
2007, Madeira et al. 2009, Chazdon et al. 201Mese forests have not suffered any significant
human impact for at least 50 years and are nowrwstdte and/or national protection. The height
of the 10 tallest woody plants in this stage rarfga® 9-10 m in CCBR and 20 —22 m in HP to
20.-23 m in PEMS.

2.2 Bat sampling

Bat samplings were carried out employing a standaddset of 2.6 m high mist nets set at ground
level. In CCBR, we employed a set of five mist retsvo 6 m, two 9 m and one 12 m long, the
total sampling area was of 109 amd the study period comprised from June 2004 guati2006.

In HP and PEMS we employed a set of 10 mist nefaoh long each, the total sampling area was
of 312 nf and the study period comprised from July 2007 pail2009 and fronMarch 2007 to

August 2009, respectively.
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Mist nests were located crossing natural or ardificorridors (small corridors expanded
with a machete) representing potential flywaysifats. Distance among nets was never shorter
than 30 m. Samplings were always performed duheditst 5 hours after sunset, the peak
foraging time for most phyllostomid bats (Fentow &unz 1977). In order to avoid variation in
capture success we sampled during non-rainy, nodywand moonless nightSuring each
sampling period, the order of sampling for evetg gias randomized, performing a single
sampling at each site in order to avoid biasestdlee trap-shy behavior of bats.

Sampling efforts were distributed between the rang dry seasons. Seasons were defined
in accordance with the precipitation regime dutimg study period. The RS was considered to
begin one month after the first rain, while the W& considered to begin one month after the last
rain (Alvarez-Aforve et al. 2008). In CCBR sitesse&geampled 5 + 1.6 (SD) nights during the RS
and 9 = 1.6 (SD) nights during the DS. In HP sitese sampled 4 + 0.8 (SD) nights during the RS
and 4 = 0.3 (SD) nights during the DS. FinallyPEMS sites were sampled 4 + 0.8 (SD) nights
during the RS and 7 £ 1.1 (SD) nights during the DS

During samplings nets were checked every 30 mihb&ts captured were stored in cloth
bags. Pregnant females and juveniles were procésseand released. Bat species were identified
based on the field guides of Timm and Laval (1288) Medellin et al. (1997). We also
considered the study of Nogueira (1998) carriedmoutiba, Brazil. A small set of voucher
specimens (1-5 individuals) belonging to specigh wncertain identification were sacrificed and
preserved in 70% ethanol for posterior analysigthWie exception of juveniles and non-healthy
individuals, all captured bats were marked on tfe@garm with a numbered aluminum band.
Despite the lack of information on possible diffezes in mist net capture efficiency for different
phyllostomid species, we assume that capture digiguately reflect the relative abundance of all

phyllostomids. Taxonomic designation of bat spetaews Simmons (2005). We assigned bat
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species to broad guilds based on Kalko et al. (;9d6im and Laval (1998), Castro-Arellano et
al. (2007) and Reis et al. (2007). The recognizead guilds for phyllostomids were:
nectarivores, frugivores, gleaning insectivoresnmares, carnivores and sanguivores. Our
ensembles, sensu Fauth et al. (1996), are compdgdyllostomids belonging to the same guild.
2.3 Vegetation structure

Vegetation structure of each sampling site wasatttarized within a 0.10 ha (20 x 50 m) plot,
considering all woody plants with a diameter atlsténeight (DBH) >5 cm (Alvarez-Afiorve et

al. 2008). The vegetation attributes measured wenaber of individuals, (NI), number of species
(NS), and total basal area (BA).

2.4 Analysis

2.4.1 Bat sampling completeness

Sampling completeness per site was evaluated thrihwggpercentage of species captured in each
site in relation to the site’s estimated specielsiméss. Each season was considered separately.
Species richness was estimated by using the fidgrgackknife estimator in EstimateS (version
8.2, Colwell 2009). This estimator is based ondeaice data considering the number of species
occurring in a single sample (Magurran 2004). Wected it because it produces a low biased
estimation of species richness even at small sanges (< 100 individuals per site, Colwell and
Coddington 1994). In accordance with Moreno andfeldl(2001), we considered 90% of
completeness a sufficient level of sampling efficig

2.4.2 Seasonal intra-site variation of phyllostomid assemblages

We analyzed bat assemblage seasonal variatioesns f species composition, structure, species
richness and abundance. For this purpose, in é@cives compared the RS phyllostomid

assemblages versus the DS phyllostomid assemblages.
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As a first step, in order to graphically represasgemblage attributes per site and per season, we
built rank-abundance (dominance-diversity) gragti®wing Feinsinger (2001).We graphed the
“logio pi" (pi being the proportion of individuals of a/gn species relative to all captured
individuals) versus the species ranked from lefight according to their relative abundance. This
method allows visualizing some assemblage attribsiieh as species richness (number of points),
evenness (slope), number of rare species (tdileottirve) and species relative abundance (order
of the species in the graph). Indeed, plotting‘lbg;opi” instead of the total number of captured
individuals per species facilitates the comparisetween curves differing in their total number of
individuals.

In order to compare the species composition of RERS assemblages, we carried out a
X? randomization test in the EcoSim software (versiat2, Gotelli and Entsminger, 2010) using
null models based on 1000 iterations. To compaserablage structure (species rank distribution)
between seasons, we performed the Kolmogorov-Smiesi (Sokal and Rohlf 1995) in R
(v.2.11.1, R Development Core Team, 2010). Speahaess was compared by using the first-
order jackknife estimator; the lack of overlappofdts 95% confidence intervals was considered
an indicator of significant differences betweend® DS assemblages (Colwell et al. 2004).
Finally, to compare bat abundance (average nunfiediwiduals captured per night) we
performed a Monte Carlo permutation test in theaBkpge “coin” (Hothorn et al. 2008, R
Development Core Team 2010) generating the referdistribution with 10,000 rearrangements.
The Monte Carlo method is useful to analyze unlzddrdata as well as variables that are not

distributed normally.
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2.4.4 Phyllostomid occurrence in different successional stages

2.4.4.1 A metric reflecting the vegetation structural complexity

In order to obtain a continuous synthetic varisgaemarizing sampling site variation in terms of
vegetation structural complexity, we performedia@pal component analysis (PCA) considering
NI, NS and BA. The new variable (axis 1 scoresuFagl) was used as an explanatory variable for
evaluating phyllostomid response to changes intatiga structure.

The total variation explained by PCAs axis 1 w&3®, 0.86% and 0.94% for CCBR, HP
and PEMS, respectively. All vegetation parametersiered in the PCAs were positively
correlated with axis 1. The corresponding eigerorecalues were: NI= 0.58, NS= 0.58 and BA=
0.57 for CCBR; NI=0.57, NS= 0.58 and BA= 0.58 i#f?, and NI= 0.58, NS= 0.57 and BA= 0.58
for PEMS. All analyses were performed in R v.2.1(R1Development Core Team 2010), using
the “prcomp” function available in the stats padakag
2.4.4.2 Hypotheses tests

Phyllostomid occurrence in the different sucesi@agies during the RS and the DS was
evaluated at the population, ensemble and asseaildagl. The RS and DS captures were
analyzed separately. At the population and enselaté we used the mean number of captured
individuals per site and per season as an indicdttire abundance. Only species and ensembles
with at least 10 captured individuals in each seagere analyzed. At the assemblage-level, we
used as response variables the species richnessuantew synthetic variables reflecting the
dissimilarities among phyllostomid assemblagegims of species (two variables) and guild
composition (two variables).

These new synthetic variables were the samplieg sitores in the axis 1 and 2 of two
bidimensional ordinations obtained by mapping, i non-metric multidimensional scaling

(NMDS), the dissimilarities among phyllostomid asédages in term of species (ordination 1)
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and guild composition (ordination 2). Both orditais were based on Bray-Curtis similarity
matrices of species and guilds (Magurran 2004).

The Bray-Curtis distance measure compared the ddages in terms of species/guilds
presence and abundance (Magurran 2004). For cadpula the Bray-Curtis coefficients, site data
were standardized to the same abundance by divediog cell abundance (species or guild
abundance) by the total site abundance (total oaghindividuals in the site). In this way, we
compared sampling sites in terms of species odguportions, ensuring that differences in total
abundance among sites would not influence thetee@indt and Coe 2005). All phyllostomids,
including those scarcely represented (1 or 2 inldiais), were considered in the analysis.
Recaptures were not included. The degree of rel&siween each species/guild and the sampling
sites was mapped by means of their weighted abwedarerage per site (Oksanen 2010).

The NMDS is one of the most appropriated ordinatr@thods in community ecology
(McCune & Grace 2002) as it can properly handldinear species” responses (Oksanen 2010),
high beta diversity (McCune & Grace 2002) and aetiadjusted to a particular underlying model
(i.e. multivariate normality), which are commoncommunity datasets (McCune & Grace 2002).
The Bray-Curtis coefficient is preferred for anahgdifferences in taxa composition as it assigns
the same maximum distance to all pairs of siteshating any taxon (Kindt and Coe 2005) and
can adequately reflect the intuitive ordering tési(Kindt and Coe 2005).

We assessed the causal-explanatory relationshipeée all response variables and two
explanatory variables, successional stage and atgestructural complexity (scores of the PCA
axis 1), through a hierarchical partitioning aney§€hevan and Sutherland 1991). This is a
regression technique where all possible GLMs comgithe explanatory variables are jointly
considered, in order to obtain a measure of thegaddent effect of each explanatory variable.

For this purpose, the increment that certain exgitany variables generate in the model fitting is
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estimated by averaging the variable influence thvewhole model (Chevan and Sutherland 1991,
Mac Nally 2000). This procedure alleviates problerhmulticollinearity between the explanatory
variables (Chevan and Sutherland 1991, Mac Nal@020T he significancex(= 0.05) of the
relationships between explanatory and responsahblas was evaluated through the
randomization test suggested by Mac Nally (2002).

The abundance data used as response variablesdphlation and ensemble level, were
modeled by using a Poisson error distribution hi log link function, while the response
variables generated through NMDS were modeled ubi@@saussian error distribution with the
identity link function. When needed, the responaeables were transformed in order to fit
normality. In all cases the goodness of fit wasedasn log-likelihood.

It should be noted that CCBR pasture sites wereosgidered in the CCBR hypotheses
tests due to the scarce number of samplings peeldimthem during the DS as a consequence of
their very low capture rates. The CCBR late sugoasssite L2 was not considered either in the
hypothesis test evaluating the variation in phyblosd assemblages in terms of species and guild
composition, as no individuals was captured atghesduring the DS. Zero values in captures
result in a meaningless value of the Bray-Curtisfitcent. The HP pasture site P1, was also
excluded from the corresponding hypotheses tegtsalthe small number of samplings
performed at this site during the DS. Finally, FFEEMS late successional site L3 was not
considered in the PEMS hypotheses tests due tstioai problems in vegetation sampling.

All statistical analyses described in this secti@re performed in R (v.2.11.1, R
Development Core Team 2010). We used the vegaragad©Oksanen et al. 2011) for the Bray-
Curtis coefficient calculation and NMDS ordinatidfisnction “metaMDS” which is based on the
function “isoMDS” available in the MASS package,n&bles and Ripley 2002). Hierarchical

partitioning analysis was performed utilizing thertpart package (Walsh and Mac Nally 2008).
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2.4.5 Phyllostomid bats as indicators of successional stages

Considering separately the DS and the RS, we etegluphyllostomid taxa (species, genus and
subfamily) were associated with a certain successistage, and therefore could be considered as
indicators of that stage (in each season). Fomptlipose, we performed the “Indicator value
analysis”, proposed by Dufrene and Legendre (19Bis analysis was initially proposed as a
possible stopping rule for the clustering of spgecata and has been used by ecologists for
identification of indicator taxa (Castro-Luna et2007, Roberts 2010). In general, an indicator
value (IV) is assigned to each taxon, in each ssional stage, based on the taxon’s relative
frequency of occurrence (presence-absence matrikjedative abundance (abundance matrix).
We then selected the maximum IV ) for each taxon and identified the corresponding
successional stage. The,J¥ statistical significance was evaluated throughantd Carlo test
based on 1000 iterations.

In accordance with previous studies (Van Resbued €999, Castro-Luna et al. 2007), we
considered as detectors all taxa with ap.déqual or greater than 0.50. Nevertheless, we only
considered as indicators those taxa in which ¥jgdvalue (equal or greater than 0.50) was
statistically significant. Indicator taxa are chasaistic of a particular habitat whereas detector
taxa exhibit different degrees of preferences fffent types of habitat and consequently are
useful to indicate habitat change. The analysispeaformed in the R package “labdsv, version
1.4-1” (R Development Core Team 2010, Roberts 2010)

2.4.6 Spatial phylogenetic structure of phyllostomid assemblages

In order to answer the question “are species fauttiin a given site more related
phylogenetically, on average, than species fourdistinct sites?” we tested for spatial
phylogenetic structure of phyllostomid assemblagethis way we evaluated if processes like

habitat filtering and competitive exclusion areastining the assembly of phyllostomid
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assemblages along our successional gradients. #asalyere performed separately for the RS and
DS to take into account the sites” seasonal vanatin resource availability and environmental
conditions, as well as the possible seasonal vansbccurring as a consequence of phyllostomid
assemblages.

We used the phylogram of Baker et al. (2003) taldsth the taxonomic relationships
among phyllostomid species and genera. The comegmb branch lengths were obtained by using
the “Distance Tool” available in PDF-XChange-Vieweersion 2) and the scale provided by
Baker et al. (2003). To construct proper regiopaicges pools, including all phyllostomid species
that can potentially occur in the sampling sites,amnsidered the species registered in our
sampling period plus other species reported byipus\studies in each region (for PEMS:
Nogueira 1988 and for CCBR: Miranda 2002, Ston€@520Most of the species previously
reported were registered in our samples as we eéazligh level of sampling completeness
during the study.

For each region we built a regional “supertreeg(ffe 8), which is a phylogram containing
the regional species pool and constitutes the blak subsequent statistical analyses testing for
spatial phylogenetic structure. Species not repitesein Baker’s phylogram were located
substituting the position of their correspondingegr@. Regional “supertrees” were built by using
Mesquite (v.2.74, Maddison and Maddison 2010) areeGraph (v.2.0.45-197 beta, Stéver and
Muller 2010) and exported in Newick format for gatal analysis.

We tested for non-random spatial phylogenetic stirecfollowing Cavender-Bares et al.
(2004). Specifically, we assessed whether thereangagnificant correlation between the
phylogenetic distance of pairs of taxa and thegrée of co-ocurrence within the plots. For this
purpose we conformed a matrix of phylogenetic dista between species, by summing all branch

lengths between each pair of species, as welhaatax of pairwise values of co-ocurrence, by
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using the co-ocurrence index PPresented by Hardy (2008). This index is consdiere
standardized version of the “checkerboard score&Stohe and Roberts (1990), and is defined as:
DO; = (R ~ R*P)/(R*P)

where B, B and R are, respectively, the proportions of sites wheetks i, species j and both
species occur. This metric is considered a meadute difference between the observed and
expected number of sites where both species aer\aal because the produéﬂ?can be viewed
as the expectation ofjRinder independent distribution of species i afidigrdy 2008). According
to the results obtained by Hardy (2008), the catreh analysis based on the p@etric are the
most robust under most simulated conditions, ugiagriety of null models. A positive correlation
coefficient indicates phylogenetic overdispersioo-¢ccurring species are phylogenetically
distant) and a negative coefficient indicates pbgleetic clustering (co-occurring species are
phylogenetically close). The significance of tloerelation coefficient was evaluated by
comparing the observed correlation coefficienti® distribution of correlation coefficients
obtained through six different null models (all thdl models available on the R package
“Picante”, Kembel et al. 2010) with 1,000 randontimas. These null models were (sensu Picante
package): Isample.taxa.labels—shuffle phylogeny tip labels only within the séttaxa in the
community, ll)pool.taxa.labels— shuffle phylogeny tip labels across all the tax@uded in the
phylogenetic tree, llljrequency— randomize the species abundances, maintainexjesp
occurrence frequency, I¥hness— randomize species abundances within samples anaiimg
sample species richness; Mpependentswap— randomize community data matrix maintaining
species occurrence frequency and site speciessshy using independent swap, and VI)
trialswap— randomize community data matrix maintaining speaccurrence frequency and site

species richness by using trial swap. The null fsolbieeak down any association between species
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phylogeny and co-occurrence (Hardy 2008). All statal analyses were performed in the R

package “Picante” (Kembel et al. 2010).

3. Results

3.1 Bat capture description and sampling compl eteness

In the CCBR, 142 samplings were carried out inl{@2 during the RS and 77 during the DS. In
total we captured 606 phyllostomid individuals esg@nting 15 species, 11 genera, 5 subfamilies
and 4 broad guilds (Figure 2, also see Avila-Cdlmdt al. 2009). The individuals classified as
Artibeus intermedius in Avila-Cabadilla et al. (2009) were re-classifi@sArtibeus lituratus based
on Redondo et al. (2008) and Hoofer et al. (2008)e of the 15 species were captured in both
seasons while 6 were exclusively captured duriegRB:Micronycteris microtis, Choeroniscus
godmani, Musonycteris harrisoni, Centurio senex, Chiroderma salvini andCarollia sp.

In HP, during 94 sampling nights (50 in the RS 48dn the DS), we captured 996
phyllostomid individuals representing 30 speciésgénera, 5 subfamilies and 6 broad guilds
(Figure 3). Most of the species were captured th lseasons, with the exception of 6
(Micronycteris hirsuta, Mimon bennettii, Mimon crenulatum, P. stenops, Tonatia saurophila) and
3 speciesA. lituratus, M. microtis, Vampyrum spectrum) that were exclusively captured during
the DS and the RS respectively.

Finally, in PEMS we conducted 130 samplings (46rduthe RS and 84 during the DS),
capturing 808 phyllostomid individuals classifiedd1 species, 16 genera, 5 subfamilies and 6
broad guilds (Figure 4). Due to dubious differetnbia betweerCarollia perspicillata and
Carollia brevicauda, we decided to group both species into the sitagdenCarollia spp. This

taxon was used as a unit during analyses. Mosteo21 species were captured in both seasons,
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excluding two species in the RSHhiroderma villosum, Mimon bennetti) and three species
(Anoura geoffroyi, Artibeus cinereus, Sturniralilium) in the the DS.

The sampling effort per region and per season wasidered sufficient to adequately
characterize the phyllostomid bat assemblages nangun each of the sampling sites.
Completeness reached 90% in all cases. The aveoagaleteness values per season were 97%
(90 to 100%) during the RS and 97% (93-99%) dyitie DS for CCBR; 97% (95-100%)
during the RS and 97% (94-100%) during the DS fBr &d 98% (91-100%) during the RS and
96% (91-100%) during the DS for PEMS.

Species composition differed among the study reggi®dhe highest differences occurred
between Mexico and Brazil which shared only 4 spe¢laccard’s index = 0.13); the lowest
differences occurred between Venezuela and Brdagiwshared 10 species (Jaccard’s index =
0.25). Mexican and Venezuelan sites shared 7 spgtaecard’s index = 0.18).

The differences among the study regions were algt®et in terms of the percentage of
species representing each subfamily and broad @eislesentativeness, Figure 5). Although the
same 5 subfamilies were represented in the 3 skgigns, in CCBR the best represented
subfamilies were the Sternodermatinae and Glosgipéa, whereas in HP and PEMS the best
represented were the Phyllostominae and StenodeamgfFigure 5). The regions also differed in
the number, type and representativeness of thellgwiéds (Figure 1). Five broad guilds are
represented in the Venezuelan and Brazilian sam@iesivores, carnivores, gleaning
insectivores, nectarivores, frugivores and sanges.adOnly the last four are present in the
Mexican samples. Similarly, there are major diffexes among the regions in terms of the
representativeness of the gleaning insectivoresiantarivores. In the CCBR, the first are poorly

represented (just one species), whereas in HP BNMEBRhey are the second most speciose guild.
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Nectarivores, in contrast, constitute one of thetnspeciose guild in CCBR, but is poorly
represented in HP and PEMS. Frugivores are the spesiose guild in all three regions.

3.2 Seasonal intra-site variation of phyllostomid assemblages

For CCBR, the main seasonal variations in phyllmstbassemblages occurred in species richness
and abundance. A significant reduction of spede®ess was detected during the DS in 5 sites:
E1, 11, L1, L2, L3 (Figure 6). Bat abundance alsovged a significant reduction in 6 of the 9 sites
(Figure 7): ELZ: -2.661,p: 0.000), E2 (-2.307, 0.026), E3 (-1.864, 0.022)-2.37, 0.020), L2 (-
2.121, 0.013) and L3 (-2.072, 0.034). A tendeneyat@ a reduction in bat abundance during the
DS was observed in the site LZ: €1.940,p: 0.062), as well. With regard to seasonal varetim
species composition, significant variations ocatialy in the site E3 as showed by the X
randomization test (observed index value (Ol) 40, 8ean of simulated indices (SI) 14.817, p:
0001). In most of the sites (E1, E2, E3, 12, I3, &d L3), the most abundant species during the
RS were also the most abundant species during &h@[gure 2). Nevertheless, we also identified
species exclusively represented in a single sefasanost of the plots; the highest number of
these species occurred during the RS in E1, E211L 2 and L3. Most assemblages were
dominated byArtibeus jamaicensis andGlossophaga soricina during the RS and b&. jamaicensis
during the DS (Figure 2). The assemblage strudigr@ot show any significant seasonal variation
in the CCBR sites.

In the HP, the main seasonal variation in phyllostbassemblages occurred in the species
composition of 8 sites: P2 (Ol: 23.172, SI: 13.04:7.040), P3 (Ol: 38.778, SI: 20.902, p: 0.014),
E1 (Ol: 70.501, SI: 32.762, p: 0.000), E2 (Ol: Z&2SI: 38.641, p: 0.000), E3 (Ol: 50.953, SI:
35.504, p: 0.043), I1 (Ol: 69.666, SI: 31.148, @00 ), 13 (Ol: 51.598, SI: 29.216, p: 0.014) and
L3 (Ol: 98.662, Sl: 37.448, p: 0.000). In threesifL1, L2 and L3) the most abundant species

during the RS were also the most abundant duriad® (Figure 3); in four other sites (E2, 11, 12,
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13), the most abundant species in one season wayagthe most abundant species in the other
season, but in a different rank order, wherealerré¢maining sites (P2, P3, E1, E3) no pattern
was detected. Species exclusively representedimgée season occurred in all sites; the highest
numbers of these species were registered duringdh@2, P3, E1, E3, I1, 12, L2, L3). Most of
the assemblages were dominatedPhyllostomus elongatus during the RS (Figure 3) and with a
diverse arrangement of speci&sl{lium, Glossophaga longirostris, Uroderma bilobatum,
Platyrrhinus vittatus andP. elongatus) during the DS. Regarding species richness, sahson
variations were only detected in P3 (Figure 6)hwiite lowest level reached during the DS. A
seasonal variation in the assemblage structureonigsdetected in the L3 site (D: 0.563, p: 0.026).
Finally, no significant seasonal variation in btiadance occurred in the HP sites, but in I3 and
L3 we detected a tendency toward reduced abundanke DS (Z=-1.791, p=0.087 and Z
=1.815, p =0.055 respectively; Figure 7).

In general, for most of the PEMS sites, we diddeiect a marked seasonal variation in
assemblage attributes. A significant seasonal tramian species composition occurred only in one
site, L1 (Ol: 78.999, SI: 25.191, p: 0.000). In mnsasmpling sites (P1, P2, E1, E2, E3, I1, 12, I3,
L1, L2, L3) the most abundant species in the RS@eavere among the most abundant in the DS
(Figure 4). Species exclusively reported in a grgglason occurred in almost all sampling sites
(P1, E1, E2, 11, 12, 13, L1, L2 and L3) with theghest numbers of these species during the DS
(P1, P2, P3, E1, E3, 12, I3, L3). Most of the asskages were dominated Besmodus rotundus
andCarollia spp. during the RS and Bytibeus planirostris, Carollia spp.andD. rotundus
(Figure 4) during the DS. In relation to speciefimess, we did not detect significant seasonal
changes in most sampling sites (P1, E1, E2, 113124,1 and L2, Figure 6); only four sites (P2,
P3, E3, L3) showed changes with the assemblagekingghigher species richness during the DS

(Figure 6). Seasonal variations in bat abundance nat detected for any PEMS site (Figure 7);
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we only detected a tendency in E2 (Z: -1.732, 78) toward a reduction in abundance during
the DS (Figure 7). Finally, no significant seasoraiation in assemblage structure was registered
at any PEMS site.

3.3 Phyllostomid occurrence in different successional stages

Ensemble and species level response

We found different responses among the three nsgipecifically between HP versus
CCBR and PEMS, concerning the occurrence of frugiwe bats in the different successional
stages at both ensemble and population levelsPinfidgivore abundance (Table 1) was
significantly higher in the early successional stathis stage showed higher total frugivore
abundance (during DS), as well as higher abundahite specied). bilobatum (during the RS
and DS) andUroderma magnirostrum (during the DS, Appendix 5). However, variati@isome
frugivorous populations in this region were moghtly associated with variation in vegetation
structural complexity than to successional stagdbld 1). This is the case Af jamaicensis, C.
brevicauda andP. vittatus that, during the RS, reached their highest aburelansites with higher
vegetation complexity (Table 1). In contré&yrnira liliumabuncance was negatively related to
structural vegetation complexity during the DS. iNarked differences among successional stages
in frugivore abundance were observed in the CCBRRRIEEMS, although highest abundances were
always found in late successional sites.

Regarding nectarivore abundance, we detected &asiresponse in CCBR and PEMS. In
both regions nectarivore abundance was signifigatitferent among successional stages (Table
1), being higher at both the ensemble and populddieel (i.e.G. soricina) in the early
successional sites (Appendix 4 and 6). These difife#s occurred during the RS in CCBR and
during the DS in PEMS. Nectarivore abundance diddifter among the successional stages of

HP.
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Gleaning insectivore abundance did not differ agnsunccessional stages in PEMS and HP,
the two regions in which this variation was evadabfTable 1). Nevertheless, during the DS of HP
the variation in gleaning insectivore abundance passtively related to variations in vegetation
structural complexity (Table 1). However, some glag insectivorous species tended to be more
represented in the early and intermediate sitési®fegion (i.eLophostoma brasiliense,

Trachops cirrhosus, Phylloderma stenops). The unique individual representing this guildhe
CCBR was captured during the RS in a late succeslssite (Figure 2).

The occurrence of the omnivorous bat guild show#drdnt responses between HP and
PEMS, the two regions in which they were foundH their occurrence was significantly
different among successional stages (Table 1) lantiighest abundance, at both the ensemble and
population level, was achieved in the early andrinediate sites. Higher total abundance in these
successional stages occurred during both seas@reagthe abundance of a single speBies,
elongatus, differed just in the DS (Appendix 5). In PEMS dontrast, omnivore abundance did
not differ among successional stages (Table 1).

The abundance @. rotundus, the unique sanguivorous species analyzed in tiee thr
regions, showed different responses among thesenge@rable 1). In CCBR, the variation in their
abundance was not associated with any explanatorghle; however, in HP, its abundance
differed significantly among successional stagesdithe RS, being greatest in early
successional sites (Appendix 5). Finally, in PEN®, abundance @& . rotundus, as well as the
abundance of all sanguivores, was significantlyargn sites with higher vegetation structural
complexity during the DS (Table 1).

Assemblage level response
The variation among the phyllostomid assemblagesroing in the different successional

stages, in terms of species and guild compositias, different for each region (Table 1). In
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CCBR, most of the variation was explained by susioesl stage. The guild composition of late
successional assemblages differed significantlinduhe RS, from that of early and intermediate
assemblages (Appendix 3 and 4). The species cotigoosf late successional assemblages also
differed significantly from that of early and inteediate assemblages during the RS, but during
the DS differences in assemblage species composwoe registered between early succession
and intermediate-late succession (Appendix 1 anth4he case of HP, variations among
assemblage species and guild composition wereierplédy variations of the vegetation
structural complexity among sites in both seas®ablé 1). Nevertheless, similar to what we
found in CCBR during the RS the differences in agdage guild composition were also
explained by successional stage with late sucaesisessemblages differing significantly from
early and intermediate assemblages (Appendix Jarfeinally, in PEMS, assemblage variation in
terms of species and guild composition was notitsogmtly related to successional stage
vegetation structural complexity (Table 1, Appendj»3).

Assemblage variation in terms of species richnessia explained differently for each
study region. Neither the type of successionalestagr variations in vegetation structural
complexity significantly explained the differendasspecies richness among the CCBR sites
(Table 1). In HP, however, early successional stesved the highest species richness for both
seasons (Table 1, Appendix 5). Finally, in PEMSiaten in assemblage species richness was
positive and significantly associated with variagan vegetation structural complexity for both
seasons (Table 1).

3.4 Phyllostomid bats as indicators of successional stages
In general, we found only a few taxa that can bestered indicators of successional stages (only
five taxa, Table 2). In HAD. rotundus andT. cirrhosus were tightly associated with the early

successional sites during the RS whereas, dure®8) the taxa tightly associated with this stage
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wereU. magnirostrum and the generdroderma. In the dry seasoBD. rotundus was tightly
associated with the intermediate stage. In PERIII ostomus hastatus was tightly associated
with the late successional sites during the DS.tNBsa were indicators during a single season
and onlyD. rotundus was an indicator during both seasons.

In general, we identified a greater number of detetaxa than indicator taxa (Table 2). In
the CCBR, all detector species were nectarivaBesdricina, Glossophaga commissarisi,
Leptonycteris yerbabuenae) and were associated with the early successiaesl $n HP, some
frugivores were identified as detector taxa and alere associated with early successional sites
(U. bilobatum, U. magnirostrum, S. lilium, Platyrrhinus helleri, C. perspicillata). Some
Phyllostominae species were also associated with @a cirrhosus), intermediatel(. brasiliense)
and late successional stagkBqfonycteris nicefori, M. crenulatum) in this region. Finally, in
PEMS, all detector species were associated withateesuccessional sites. Among them are
represented frugivores(planirostris, A. cinereus, P. stenops), omnivores IP. hastatus,
Phyllostomus discolor), sanguivoresl. rotundus andDiphylla ecaudata), nectarivoresG.
soricina) and carnivoresGhrotopterus auritus).

In most cases, species exclusively captured inengsuccessional stage (asterisks on
Table 2) were not recognized as indicator or deteetxa. OnlyM. crenulatum (in HP, DS) andC.
auritus (in PEMS, RS), exclusively found in late succesai®ites, were considered detectors.
3.5 Soatial phylogenetic structure in phyllostomid assemblages
In CCBR and HP, we detected, only during the Ri$&gative and significant correlation between
the phylogenetic distance of pairs of species hait tiegree of co-occurrence within the plots
(Table 3), which is an indication of phylogenetiagstering. On the other hand, in PEMS we did

not detect any evidence of spatial phylogenetiecsétire neither during the RS nor during the DS.
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4. Discussion

4.1 Seasonal intra-site variation on phyllostomid assemblages

As expected, we found evidence of seasonal vamiatiphyllostomid assemblage attributes in the
three study regions. These variations occurredt kegional and sampling site levels. In the
three regions we found species that were exclusoagbtured during a single season. In CCBR
and HP most of these species were found durin@ehereas in PEMS they were found during
the DS.

The seasonal variations found in phyllostomid asdages could be a consequence of the
marked seasonality in the precipitation regimenese TDFs (Scognamillo et al. 2003, Avila-
Cabadilla et al. 2009, Madeira et al. 2009). Theseaal change in water availability provokes
distinctive plant phenological patterns, changethe primary productivity (Frankie et al. 1974,
Opler et al. 1980, Quesada et al. 2009) and coesigLseasonal variations in vegetation
structure and bat resource availability (i.e. faod roosts) (Kalacska et al. 2005, Stoner 2005). As
mentioned before, bats confront this seasonal vamian key resources through behavioral
changes in diet breadth, type of food, patterrnsabitat use and defense of feeding areas, as well
as through migratory behavior (Heithaus et al. 19¥Bitaker and Black 1976, Bonaccorso 1979,
Thomas 1983, Fleming and Heithaus 1986, Arroyo-&labret al. 1987, Cockrum 1991,
Wilkinson and Flemings 1996, Herrera et al 200hapka 2004). These behavioral changes
appear to be reflected in the seasonal changesieteced in bat assemblages (i.e. species
richness, composition and abundance). Howevendhae and intensity of these seasonal
variations were different among regions. The maostked variations, for example, were detected
in CCBR where species richness and abundance dfasssmblages significantly decreased
during the DS. In HP and PEMS, in contrast, thesameters did not change between seasons in

most of the assemblages. These differences amgranseare probably a consequence of their
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environmental particularities. The CCBR presengsitiwest level of precipitation (see methods ),
as well as the lowest amount of available wateossthe year—the main source of water around
sampling sites consists of temporary rivers andkgésemi-permanent, seasonally drying water
bodies). Migration would be one of the most impottaehavioral adaptations of CCBR mammals
to deal with water and food availability reductiahging the DS (Miranda 2002). As bats are one
of the mammals with the highest capability of moeam(i. e.A. jamaicensis covers up to ten
kilometers in a single night, Morrison 1978), th&®asonal migration to resource rich areas would
explain their reduction in species richness anddaoce during the DS. Latitudinal migration has
in fact been well documented in the region forgpecied eptonycteris yerbabuenae (Cockrum
1991), whose seasonal migration to northern laggud tightly associated with the regional
reduction in food availability (Ceballos et al. I9%toner et al. 2003). In contrast, bats inhaditin
in HP and PEMS can find permanent sources of waiar around in regional rivers and lagoons:
Laguna Grande lagoon at HP (located at 100 m frammpéing sites) and Lagoa da Prata lagoon
and S&o Francisco river at PEMS (located at 90bm sampling sites). This would constitute the
main reason explaining the non significant seasonahges in species richness and abundance of
HP and PEMS.

Finally, the significant seasonal changes in sgeomnposition of HP phyllostomid
assemblages, appear to be a distinctive featutesofype of habitat. In 2003, Aguirre et al.
reported for a similar environment in Bolivia, feteslands embedded in a seasonally flooded
savanna, a high species turnover even among ydassturnover was higher in the group of
species relying on seasonal food resources, suggeisat species turnover was explained by

variations in food availability.

57



4.2 Phyllostomid occurrence in different successional stages

We found a high level of specificity in phyllostainoccurrence across the chronosequence
depending on the species and guild identity, tlase® and the region. In general, we detected just
a few patterns concerning phyllostomid occurreraess the different successional stages.
Ensembles and populations

The specificity of phyllostomid response to habaadnge associated with succession is based on
the contrasting ecological requirements among fxaties and guilds. For example, frugivore
abundance was higher in the early stage at HR did hot show a marked differentiation among
sucesional stages at CCBR or PEMS. The pattermadasen HP, which is the region with the
highest average annual precipitation (1469 mm, Saagjlo et al. 2003), is indeed more similar to
what has been observed in more humid forests (Bretsal. 1996, Schulze et al. 2000), where
frugivore abundance also is higher in the earlysssional stages. Several individuals of
chiropterochorous species belonging to the gefienana, Cecropia andFicus are found in the

HP early successional sites (Nassar et al. unfhdalislata). Chiropterochorous species are
common in early succession of tropical wet andyréanest (Fleming 1988, Charles-Dominique
1986, Brosset et al. 1996). In the Colombian Amatanexample, individuals from the
chiropterochorous gene€ecropia, Miconia, andVismia accounted for 87% of the stems present
in an area abandoned after three years of slashwandagriculture (Lobova et al. 2009).

Moreover, differences in frugivore responses anteggons could be explained by differences in
regions’ environmental characteristics (i.e. pregatpn regime) reflected in the species
composition of their early successional plant asdages. In this sense, the absence of this pattern
in CCBR and PEMS, the TDFs with the lowest aver@ggual precipitation (763 and 818 mm
respectively), would be related to an early sugoess$ stage dominated by anemochorous plants

(Vieira and Scariot 2006) which do not constituded resources for frugivorous bats.
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Regarding nectarivorous bats, we found a similspoase in the two TDFs with the lowest
precipitation regime (CCBR and PEMS). In both regionectarivore abundance was significantly
higher, at both the ensemble and population lgsesgricina), in the early successional sites
characterized by the presence of shrubs and someatose grasses. This likely is related to: 1)
the capacity of the most abundant nectarivores (&3 soricina, andL. yerbabuenae; PEMS:

G. soricina) to forage and exploit resources in areas whegetation has a simple structure
(Avila-Cabadilla et al. in preparation), and 2) thigher representation of chiropterophilic plants
in the early successional stages of both studg;ditese plants belong mainly to the gerfaacia
andCordia (Alvarez and Gonzalez-Quintero 1970, Alvarez aadcBez- Casa 1997, Tellez and
Ortega 1999, Geiselman et al. 2002 onward).

Contrary to expected, the occurrence of gleanisgdtivores did not differ among
successional stages in the two regions in which Were analyzed (HP and PEMS). Gleaning
insectivore occurrence appears to be more tiglsdpaated with variation in vegetation structural
complexity as found in HP (Table 2). This causallaratory relationship may be explained by
the guilds’ high specialization for foraging (gléaginsects from leaves or other surfaces in a
highly cluttered space, Kalko et al. 1996) andrémsting (large, shaded leaves, termite nests and
hollow trees, Medellin et al. 2000). In fact, weiial great variation among sites representing the
same successional stage in terms of vegetatioctstal complexity; in some cases, sites
representing different successional stages were sionilar in vegetation structure to each other,
than sites representing the same successional (ftggee 17). Moreover, some species thought to
be mainly associated with the most advanced sutalsstages, were found in earlier stages (in
HP: L. brasiliense, T. cirrhosus, P. stenops) which, as a consequence of specific environmental

conditions and land-use history, presented a siralty complex vegetation.
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Omnivorous and sanguivorous bat occurrence idifferent successional stages showed a
high variability among regions. In the case of ovones, this variability may be associated with
the high diversity of food resources they use (Kadkal. 1996, Reis et al. 2007), as well as
regional differences in the type and distributidsach resources. A further detailed analysis of
omnivore preferences in each region must be peddrm order to identify the “drivers”
determining their distribution. On the other hafagttors explaining the inter-regional variation in
sanguivore responsP (rotundus) to habitat change could be related to the vagidistribution of
cattle, a non-native source of food preferentialgd byD. rotundus in anthropogenic tropical
landscapes, as well as to differences in the bigion and coverage of riparian vegetation around
the sampling sites. Riparian vegetation can deterisanguivore distribution in anthropogenic
landscapes (Avila-Cabadilla et al, in preparatiomn}the following reasons: 1) it offers roosting
sites and can be used as stepping stones whesdaath for food in the vegetation matrix where
cattle occur, 2) it presents a higher availabibtysanguivores native food sources—medium and
large-sized mammals that concentrate their ac®it riparian vegetation when resources are
limited in TDF, and 3) farmers concentrate cattleiparian areas, especially when water
availability is scarce.

Assemblages

Although we hypothesized that the regions withghtproportion of Phyllostominae would show
greater differences among successional stagesisasubfamily is mainly associated with late
succession, the region with the highest propomioRhyllostominae (HP), did not show
differences in assemblage species and guild composimong successional stages On the
contrary, the region with the poorest represematioPhyllostominae (CCBR, with only 1
individual of Micronycteris microtis which was found in late succession), presentedthitjigest

differentiation in assemblage species and guildpasition among successional stages.
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Our results probably reflect the specific naturéhef factors determining the occurrence of
most species. In HP, for example, variation ama@sgablage composition is mainly explained by
variations in the vegetation structural complexitys is congruent with our finding that variation
in the abundance of the speciose gleaning inseeByalso is explained by changes in the
vegetation structural complexity, and not by theetyf successional stage. In the same sense, we
found that some of the most abundant frugivordbéregion also respond to changes in
vegetation structured( jamaicensis, C. brevicauda, andP. vittatus, Table 1).

In CCBR, in contrast, the occurrence of severatiggeappears to be determined by
successional stage. This is the case of the those abundant nectarivores which occur in higher
abundance in the early stage (Table 1, Figure #aASabadilla et al. in preparation) and of the
species exclusively captured in late successiotea €arollia sp.,C. senex, C. salvini, C.
godmani, M. microtis, M. harrisoni, Figure 2, Avila-Cabadilla et al. 2009). These spstogether
represent 67% of all the species reported in CCaifihg our study.

In general, no consistent pattern was detecteelation to phyllostomid species richness
in the different successional stages. Whereas iIBRC@one of the explanatory variables were
significantly related to the variation in specighness, in HP this parameter was explained by
successional stage and in PEMS it was explaineatbgtation structural complexity. These
differences among the regions must be caused égiegional variations in other non-measured
factors besides the intrinsic attributes of sudoess stages and sampling sites. These factors are
probably mostly associated with attributes of #rediscape surrounding the study sites.

In CCBR, we detected a high intra successionakstagation in assemblage species
richness. This variation was not explained by d#fees in vegetation structure among sites. The
late successional site, L2, for example, is ont@imost preserved and structurally complex sites

where rare species, mainly associated with preddorests C. salvini, C. senex) occur(Estrada
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et al. 1993, Avila-Cabadilla et al. 2009). Howe\different from that observed in other late
successional sites, L2 presents a low speciesasswhich in fact is reduced to zero during the
DS. The patterns found for HP, on the other haad,be related to the proximity of a permanent
source of water (Laguna Grande lagoon ) to twdefthree sites representing the early stage (E1
and E2); both of which are approximately 100 m fribve lagoon. This water source is especially
important in attracting species from the subfar®hyllostominae (the most speciose group in the
region) because of its higher concentration of i&ys (i.e. insects, frogs, and other small
vertebrates). In the case of PEMS, the positivaiteiship detected between assemblage species
richness and vegetation structural complexityoisgeuent with the findings of Medellin et al.
(2000), who also observed this positive relatiopsAihigher vegetation structural complexity can
offer a higher diversity of resources (i.e. food anosts) allowing for the occurrence of a greater
number of species.

4.3 Phyllostomid bats as indicators of successional stages

In general, we found a small number of speciesdaatbe considered indicator taxa for a given
sucessional stag®. rotundus, T. cirrhosus, U. magnirostrum and the genusgroderma in HP; P.
hastatus in PEMS (Table 2) and none in CCBR. Although wedthesized that several indicator
taxa would belong to the subfamily Phyllostominad aonsequently would be associated with the
late successional stages, only two of six indicapacies belong to this subfamilly. €irrhosus

andP. hastatus).Most indicator taxa, including the Phyllostomiraeirrhosus, were tightly
associated with the early and intermediate suameskstages. Only the Phyllostomirfae

hastatus (PEMS, Table 2) was indicative of the late stageually, we found that species
exclusively found in late successional stages @ aplwere not good indicators of this stage. This
was mainly due to their low abundance and/or pocidence (i.e. occurring in just one of the

three sites representing this stage). In this sésstro-Luna et al. (2007) also found a reduced
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number of indicator taxa in a tropical moist foreghen evaluating the usefulness of phyllostomid
bats as indicators of old-growth forest and patdiescondary vegetation. They concluded that
phyllostomids were poor ecological indicators untther disturbance conditions characterizing
their study area (which is quite similar to ours).

In this scenario, within a landscape conformed éyetation patches representing different
successional stages, agricultural fields, pastndsiand preserved forests, most bats fail as
indicator taxa at a local scale because of themgment vagility. Phyllostomids have the capacity
to move between forest patches and between fandsagricultural islands within the landscape.
Estrada et al. (1993) found that 77% of the batiggedetected (most of them Phyllostomids) in a
tropical rain forest landscape transformed by huativities, were also present in at least one
habitat other than the rain forest. They suggestftrest patches and agricultural islands can be
used by bats as stepping stones for their moveawaoss the landscape. Some Phyllostomid
species such & jamaicensis, can fly great distances in a single night (8 kn® Morrison 1978),
allowing them to exploit resources in differentaggeincluding those with a certain degree of
disturbance (Avila-Cabadilla et al. 2009). Furthere) the occurrence of bats in a particular
vegetation fragment is not exclusively determingdhe attributes of the habitat at a local scale
(i.e. species composition of plant assemblagestaéign complexity, fragment area), but also by
the constitution of the vegetation matrices arotinedfragments (specifically by how favourable
these matrices are for bat movement) and, ultimalgi the characteristics of the disturbance (i.e.
origin, scale, intensity, and duration, Estradale1993, Gorresen et al. 2005, Bernard and Fenton
2007, Castro-Arellano et al. 2007). In this seiSimgbeil and Willig (2009) found that the
occurrence of frugivores in a fragment was deteehiny the landscape composition (i.e.
percentage of forest, mean patch density) whileathexdance of gleaning animalivores was

determined by the landscape configuration (i.eeatknsity). They suggest that the increase in
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frugivore abundance in areas with a reduced canopgr could be explained by the higher
occurrence of chiropterochoric plants in such gre&greas the animalivores abundance was
favored in areas with low-contrast edges; thesasaaiowed them to forage and travel between
high quality resources patches.

Although Phyllostominae are characteristic of prese forests and are considered good
indicators of habitat change at a local scale @t al. 1992, Medellin et al. 2000, Castro-Luna
et al. 2007, Jones et al. 2009), we only foundaadeecies belonging to this subfamily that were
associated with the late successional stgeicefori andM. crenulatum, catalogued as detector
speciesn HP; P. stenops, P. discolor andC. auritus, catalogued as detector species in PEMS and
P. hastatus, catalogued as an indicator species in PEMS as Wad occurrence of this subfamily
appears to be affected by non-local factors, ak wet example, in the case of HP, the occurrence
of several Phyllostominad/fcronycteris megalotis, M. microtis, Micronycteris minuta, M.
nicefori, Micronycteris schmidtorum, M. bennettii, P. elongatus, P. hastatus, T. saurophila, T.
cirrhosus, V. spectrum, Figure 3) in the early stage can be related th lmzal habitat attributes
(i.e. high vegetation complexity of sites E2 and Egure 1) and landscape attributes (i.e. the
small lagoon next to sites E1 and E2). We alsodagneat intra-stage variability in vegetation
complexity (Figure 1) that could preclude a highasation between the Phyllostomid taxa
significantly responding to changes in this parangte. subfamily Phyllostominae) and a given
successional stage.

Nevertheless, the most abundant nectarivorouseg@csoricina, G. commissarisi andL.
yerbabuenae can be considered detector species of habitagenanCCBR. These species
increase their abundance toward early successstaiges, probably due to their capacity for
foraging in areas with a simple vegetation struetmd to the abundance of chiropterophilic

species in these sites. In the same sense, thedragU. bilobatum, U. magnirostrum, S lilium,
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P. helleri andC. perspicillata, were also catalogued as detectors in HP as they mvederately
associated with the early stage which presentgtadihundance of chiropterochoric species
(Annona, Cecropia andFicus).

4.4 Spatial phylogenetic structure in phyllostomid assemblages

The phylogenetic clustering found during the rasegson in CCBR and HP, suggests that during
this season some mechanisms generate non-randtempaif phylogenetic structure in
phyllostomid assemblages of these regions. Thesarddages are constituted by a non-random
subset of the regional species pool that couldmiaiéy occur in the sampling sites. No evidence
of phylogenetic structure was found neither dutimg DS in these regions nor in PEMS during
both seasons.

The phylogenetic clustering observed is probabtgmieined by environmental conditions
of the habitat which favor the co-occurrence oflpggnetically related species sharing similar
ecological traits (i.e. same type of diet). Thisuamption is supported by two facts: 1) the
phylogenetically related species tend to resemdutd ether with respect to their type of diet
(phylogenetic signal in the trophic guild), ands2yeral studies have documented the bats guild-
specific response to habitat modification.

The distribution of the type of diet among Phyltosid species is often confounded with
phylogeny as diet categories often represent sepaunbclades. Giannini and Kalko (2004), for
example, found a general agreement between digblayldgeny when analyzing the trophic
structure of a large assemblage of phyllostomid:ldiscrete diet groups were compatible with
several clades of two phylogenetic hypotheses.simdar way, we found a phylogenetic signal in
the type of diet (trophic guild, Appendix 7) foretkhree study regions as the phyllostomid species

phylogenetically related tended to be categorireitié same trophic guild.
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With respect to the guild-specific response of batsabitat modification, several studies
in Neotropical areas have reported a reductiohenotccurrence of gleaning insectivores in
disturbed habitats (Fenton et al. 1992, Brossat £#996, Medellin et al. 2000, Bernard and Fenton
2003, Castro-Arellano et al. 2007), as well asr@neiment in frugivore abundance (in moist and
rain forests) in anthropogenic habitats as a careszp of the higher abundance of
chiropterochorous species in these habitats (Bresse. 1996, Ochoa 2000, Clarke et al. 2005,
Faria 2006, Peters et al. 2006, Mancina et al. RGR&cently, in the Amazonian, Klingbeil and
Willig (2009) found that frugivore abundance resg@d to variations in landscape composition
during the DS and to variations in landscape caméton in the RS, whereas animalivore
abundance responded to variations in the landsoafeguration during the DS and to variations
in the landscape composition during the RS. Thrstitutes another example of a seasonal-guild
specific response to variations in landscape atied (composition and configuration).

In our case, for CCBR (RS) and PEMS (DS), we detkathigher occurrence of
nectarivores in the early successional sites, fnglas a consequence of the chiropterophilic
species occurring in these sites. In HP (DS), erother hand, the early sites presented a higher
abundance of frugivores probably as a consequeftbeio chiropterochoric species. At the
assemblage level, we found, in CCBR and HP (R&grdnces in the guild composition of the
assemblages occurring in different successiongestd\ote that this is precisely when we also
found evidence of spatial phylogenetic structurthese regions (RS).

In general, we found no evidence of negative imtéras (competitive exclusion) between
sympatric species; these interactions could proghgéogenetic overdispersion in the
phyllostomid assemblages. In fact, the mobile reatibats decreases the intensity, pervasiveness
and predominance of this type of interaction (Wildind Moulton, 1989). Consequently, species

occurrence and the structure of the assemblagatesof different successional stages, should be
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mainly determined by habitat characteristics siuchiegyetation structure and resource availability,
as well as by specific ecological requirementefdpecies. As Stevens and Willig et al. (2000)
pointed out, competitively induced assemblage siraanay exist only under narrow temporal
and environmental conditions, and would not be attaristic of assemblage organization in most
situations. Nevertheless, it is important to nbt Moreno et al. (2006) found that frugivorous bat
morphological assembly mechanism is different framdom patterns. This suggests that some
ecological processes, such as competitive exclusauld determine species richness and
structure of bat ensembles at local scale. We aoaldlirectly evaluate the spatial phylogenetic
structure at the ensemble level because of a Isalugon in the phylogenetic tree at the genus
level.
4.5 The effect of seasonality on phyllostomid response to habitat change
We have found a marked seasonal specificity ori begponse to habitat change. Most bat
responses previously discussed were specific etermhiined season (Table 1) and just six were
consistent between seasons: 1) the higher abundéhlcdilobatum in the early successional
stage of HP, 2) the higher abundance of omnivarésis same stage, 3) the higher species
richness of the early successional assemblage® ofiHhe positive association between the
variation in assemblage species richness anda&tion in the vegetation structure of PEMS
sites, 5) the association between the variatiasgsemblage species and guild composition and the
variation in vegetation structure of HP sites, &hthe differences in assemblage species
composition between the early and late successstagés of CCBR.

Additionally, analyzing the incidence and abundaoicghyllostomid taxa in sites of
different successional stages (indicator valueyais), we encountered that any indicator taxon
can function as an indicator of the same succeakgtage during both seasons. Only a few

detector species were moderately associated waetedme successional stage independently of the
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seasontJ. bilobatum, T. cirrhosus (early stage) ant. brasiliense (late stage) in HP ard. auritus
(late stage) in PEMS. The association of most efdtectors with a given successional stage was
affected by seasonality.

We also have evidence (in CCBR and HP) that thegases determining assemblage
species composition at a local scale are affeggesehsonality as well. The phylogenetic
clustering found in CCBR and HP during the RS shthas assemblage species composition could
be determined by the availability of resources gazan resource would attract phylogenetically
related species with similar ecological requireragne. type of food).

Plant assemblage species composition and phenalgagitterns could define the seasonal
fluctuations in the abundance and diversity ofreaburces (roosts and food) and in the
environmental conditions (i.e. vegetation structufethe successional sites/stages. In this sense,
Fernandez-Hernandez (2008) and Pezzini (2008) texpdifferences in the frequency, seasonality
and duration of plants’ leafing, flowering and ting, among different successional stages of
CCBR and PEMS respectively. These differences neégrohine seasonal differences in the
association between phyllostomids and successstagés or vegetation structural characteristics.
Bats can deal with this fluctuation in key resograad environmental conditions, as explained
before, through changes in their diet breadth, tffeod, food intake rate, patterns of habitat, use
and defense of feeding areas, as well as throughatory behavior (Heithaus et al. 1975,
Whitaker and Black 1976, Bonaccorso 1979, Thom&8,1Bleming and Heithaus 1986, Arroyo-
Cabrales et al. 1987, Cockrum 1991, Wilkinson alethings 1996, Herrera et al 2001, Tschapka
2004). Moreover, seasonal changes in bat foragahgyior and home range size, can also be
caused by their seasonal breeding pattern, chasti®f a high percentage of Neotropical

phyllostomid bats (Klingbeil and Willig 2010).
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The seasonal-specific response of bats to halhitatge would then be explained by the
markedly seasonal variation in the availabilityesources and environmental conditions

characteristic of TDFs.

5. Conclusions

In general, we found a high level of specificityphyllostomid response to habitat change.
Climate distinctiveness, the specific ecologicaluieements and behavior of bat species in each
regional species pool, the composition and streabfiplant assemblages associated with different
successional stages, the particular phenologictdnpa of these plant assemblages, as well as the
specific landscape composition and configuratiothiwieach region, constitute important sources
of variation determining the absence of solid pateamong the study regions.

Consequently, in order to reach a better understgrabout phyllostomid distribution in
anthropogenic landscapes, as well as about thegical processes underlying their assemblages
at local scales, we must extend our focus beyoadltaracterization of their habitat at a local
scale (i.e. classification of different successli@tages, quantification of the vegetation strugtur
complexity). Future studies should include the abgarization of landscape attributes
(composition and configuration) because the ocoge®f vagile species in a particular area
appears to be greatly influenced by these attrib(Estrada et al. 1993, Estrada and Coates-
Estrada 2001, Gorresen and Willig 2004, Meyer aatké&2008, Klingbeil and Willig 2009,
Klingbeil and Willig 2010, Avila-Cabadilla in prepation). Based on our findings, we conclude
that, in tropical seasonal environments, it is&xtely necessary to account for seasonal variations
in environmental conditions and in the abundanakdiversity of resources (emphasizing plant

phenological patterns). This will allow us to ungtand the seasonal dynamics in the use of the

69



space by phyllostomid populations, ensembles asehaslages, especially in those regions
suffering from severe forest conversion (Klinglaid Willig 2010).

By adopting this approach, we will gain a bettedenstanding about the ecology and status
of bats in the increasingly abundant anthropogmdscapes. Landscape level patterns emerging
from these integrative studies, will allow us tongete models that may be extrapolated to
different tropical regions. This would constituteiavaluable tool for the preservation of bat

biodiversity and the key ecological processes thepetuate in transformed landscapes.
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TABLES

Table 1.Percentage of variation explained by successidageqS.g9 and vegetation structural
complexity (Vsiruci Sampling sites scores on PCA axis 1) per sedsothe response variables
analyzed in three regions (CCBR: Chamela-Cuixmadsihere Reserve, HP: Hato Pifieiro, and
PEMS: Parque Estadual da Mata Seca). Seasonsaari season (RS) and the dry season
(DS). The response variables at the population e ARJAM, ARPLA, ARLIT, ARPHA,

PLVIT, STLIL, URBIL, URMAG, CABRE, CAPER, CAspp, GROR, GLLON, MICRE,

MISAN, PHELO, PHSTE and DEROT which represent therage number of individuals of the
speciedArtibeus jamaicensis, A. planirostris, A. lituratus, A. phaeotis, Platyrrhinus vittatus,
Surniralilium, Uroderma bilobatum, Uroderma magnirostrum, Carollia brevicauda, C.

perspicillata, Carollia spp,Glossophaga soricina, G. longirostris, Mimon crenulatum,

Micronycteris sanborni, Phyllostomus elongatus, Phylloderma stenops, andDesmodus rotundus
respectively, captured per site per night. At theeenble level, the response variables are: F, N,
Gl, O, and S which correspond to the average nuwiengivorous, nectarivorous, gleaning
insectivorous, omnivorous, and sanguivorous indiald respectively, captured per site per night.
At the assemblage level the response variablesSaexies (NMDS1), Species (NMDS2), Guild
(NMDS1), Guild (NMDS2) and Jack 1. The first faepresent the scores of the first and second
NMDS axis reflecting site dissimilarities accorditagthe species and guild composition; Jack 1 is

the estimator of species richness. Significantiiahips appear in bold. Negative relationships

among variables are shown in parenthe&s. is the fraction of the total deviance explained by
the model considering all explanatory variable@aishe Poisson error distribution, amiis the

fraction of the total variance in the responsealala explained by the model using the normal

error distribution.
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Table 2.Species, genera and subfamilies of phyllostomid bahsidered as indicator and detector
taxa in each season at each study region. Speaksely found in a single successional stage
are also presented (*). Seasons and study regreresan Table 1. Significant p-values (< 0.05)
based on Monte Carlos tests with 1000 iteratiopgear in bold. SS is the successional stage at
which each taxa reach its maximum indicator val\@: E= early I= intermediate and L= late.
Guilds are: N= nectarivores, F= frugivores, Gleagling insectivores, C= carnivores, S=

sangivores, and O= omnivores.

Table 3.Results of the correlation test between the phefegic distance of pairs of taxa and their
degree of co-occurrence within the plots in eaesase at the three study regions. Seasons and
study regions are as in Table 1. r: correlatiorffament. Significant relationships employing six

null models (I to VI) appear in bold (see the metlection for null models description).

88



Table 1

Explanatory variable

Response variable Guild n R? Sstage V struct

CCBR

RS
ARJAM F 9 0.109 56.014 43.986
ARLIT F 9 0.406 84.957 15.043
ARPHA F 9 0.274 21.280 78.720
GLSOR N 9 0.795 81.649 18.351 (-)
DEROT S 9 0.386 86.598 13.402
F 9 0.231 57.805 42.195
N 9 0.723 79.907 20.093 ()
Species (NMDS1) 8 0.515 80.029 19.971 ()
Species (NMDS2) 8 0.809 73.786 26.214 (-)
Guild (NMDS1) 8 0.494 62.957 37.043
Guild (NMDS2) 8 0.795 76.667 23.333
Jackl 9 0.450 37.919 62.081

DS
ARJAM F 9 0.148 31.247 68.753
ARLIT F 9 0.710 40.279 59.721
ARPHA F 9 0.310 53.140 46.860
GLSOR N 9 0.035 37.213 62.787
DEROT S 9 0.531 56.360 43.641
F 9 0.151 32.391 67.609
N 9 0.033 17.259 82.741
Species (NMDS1) 8 0.612 83.060 16.940
Species (NMDS2) 8 0.235 18.687 81.313
Guild (NMDS1) 8 0.493 82.633 17.367
Guild (NMDS2) 8 0.224 77.950 22.050
Jackl 9 0.141 49571 50.428
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Table 1.continued...

Explanatory variable

Response variable Guild n R? Sstage —

HP

RS
ARJAM F 11 0.903 8.789 91.211
CABRE F 11 0.662 7.631 92.369
CAPER F 11 0.452 2.398 97.602
PLVIT F 11 0.483 2.264 97.736
STLIL F 11 0.612 35.111 64.889 (-)
URBIL F 11 0.760 73.936 26.064
URMAG F 11 0.440 10.602 89.398 (-)
GLLON N 11 0.293 4.636 95.364
PHELO O 11 0.579 82.433 17.567
DEROT S 11 0.690 99.086 0.914
F 11 0.304 2.341 97.659
N 11 0.312 2.345 97.655
Gl 11 0.418 31.505 68.495
O 11 0.729 98.638 1.362
Species (NMDS1) 11 0.945 2.363 97.636
Species (NMDS2) 11 0.411 2.718 97.281 (-)
Guild (NMDS1) 11 0.192 90.685 9.315
Guild (NMDS2) 11 0.858 58.686 41.314()
Jackl 11 0.484 90.031 9.969

DS
ARJAM F 11 0.730 88.060 11.940
CABRE F 11 0.707 43.213 56.787
CAPER F 11 0.598 46.001 53.999
PLVIT F 11 0.388 45.905 54.095
STLIL F 11 0.868 35.694 64.306(-)
URBIL F 11 0.792 98.841 1.159
URMAG F 11 0.847 94.272 5.728 (-)
GLLON N 11 0.111 79.880 20.120
PHELO O 11 0.356 96.636 3.364
DEROT S 11 0.772 6.683 93.317
F 11 0.615 99.324 0.676
N 11 0.219 48.959 51.041
Gl 11 0.614 2.151 97.849
O 11 0.355 96.662 3.338
Species (NMDS1) 11 0.748 5.666 94.334
Species (NMDS2) 11 0.187 68.993 31.007
Guild (NMDS1) 11 0.336 66.824 33.176
Guild (NMDS?2) 11 0.438 8.227 91.773
Jackl 11 0.769 69.956 30.043
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Table 1.continued..

Explanatory variable

Response variable Guild n R? Sstage Vstruct

PEMS

RS
ARPLA F 11 0.667 4.548 95.452
Caspp F 11 0.537 50.232 49.768
PHSTE F 11 0.236 1.390 98.610
GLSOR N 11 0.626 39.984 60.016
MICRE Gl 11 0.519 7.941 92.059
MISAN Gl 11 0.527 76.143 23.857
DEROT S 11 0.603 1.066 98.934
F 11 0.649 17.290 82.710
N 11 0.711 48.691 51.309
S 11 0.631 1.165 98.835
Gl 11 0.537 16.460 83.540
O 11 0.463 52.639 47.361
Species (NMDS1) 11 0.365 2.698 97.302 ()
Species (NMDS?) 11 0.743 61.826 38.173
Guild (NMDS1) 11 0.437 2.461 97.539 (-)
Guild (NMDS2) 11 0.529 258.500 158.500
Jackl 11 0.665 1.763 98.237

DS
ARPLA F 11 0.648 46.314 53.686
Caspp F 11 0.537 66.407 33.592
PHSTE F 11 0.393 47.561 52.439
GLSOR N 11 0.554 84.394 15.606
MICRE Gl 11 0.341 88.855 11.145 (-)
MISAN Gl 11 0.279 95.206 4,794
DEROT S 11 0.653 2.062 97.938
F 11 0.700 10.950 89.050
N 11 0.375 97.417 2.583
S 11 0.673 5.333 94.667
Gl 11 0.039 8.557 91.443 (-)
@) 11 0.706 45.337 54.663
Species (NMDS1) 11 0.274 2.336 97.663
Species (NMDS2) 11 0.269 56.951 (-) 156.951
Guild (NMDS1) 11 0.264 18.636 81.364
Guild (NMDS2) 11 0.447 0.119 () 100.119
Jackl 11 0.679 6.876 93.124




Table 2.

Region Guild SS \Y% p-value

CCBR

Species (RS)
Glossophaga soricina N E 0.771 0.118
Glossophaga commissarisi N E 0.618 0.182
Leptonycteris yerbabuenae N E 0.592 0.196
Micronycteris microtis Gl L* 0.333 1
Choeroniscus godmani N L* 0.333 1
Musonycteris harrisoni N L* 0.333 1
Centurio senex F L* 0.333 1
Chiroderma salvini F L* 0.333 1
Carollia sp F L* 0.333 1

Genus (RS)
Glossophaga N E 0.805 0.129

Subfamily (RS)
Glossophaginae E 0.817 0.124

HP

Species (RS)
Uroderma bilobatum F E 0.705 0.080
Artibeus jamaicensis F L 0.698 0.166
Lophostoma brasiliense Gl I 0.667 0.192
Micronycteris nicefori Gl L 0.600 0.144
Carollia brevicauda F L 0.597 0.111
Desmodus rotundus S E 0.593 0.033
Trachops cirrhosus Gl E 0.583 0.049
Chiroderma salvini F L* 0.333 1.000
Vampyrum spectrum C E* 0.333 1.000

Species (DS)
Uroderma magnirostrum F E 0.875 0.030
Uroderma bilobatum F E 0.805 0.064
Desmodus rotundus S I 0.759 0.025
Sturnira lilium F E 0.700 0.103
Platyrrhinus helleri F E 0.692 0.061
Artibeus jamaicensis F I 0.600 0.145
Carollia perspicillata F E 0.500 0.182
Glossophaga soricina N L 0.500 0.225
Mimon crenulatum Gl L* 0.667 0.184
Lophostoma brasiliense Gl I 0.636 0.096
Trachops cirrhosus Gl E 0.600 0.101
Phylloderma stenops F [* 0.333 1.000

Genus (RS)
Artibeus F L 0.640 0.339
Carollia F L 0.556 0.153
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Table 2.continued...

Region Guild SS \Y% p-value
HP
Genus (DS)
Uroderma F E 0.826 0.014
Mimon Gl L 0.500 0.232
Subfamily (RS)
Carollinae L 0.556 0.157
Subfamily (DS)
Stenodermatinae E 0.542 0.079
PEMS
Species (RS)
Chrotopterus auritus C L* 0.667 0.160
Phylloderma stenops F L 0.643 0.064
Desmodus rotundus S L 0.614 0.109
Artibeus planirostris F L 0.568 0.110
Diphylla ecaudata S L 0.533 0.345
Glossophaga soricina N L 0.500 0.204
Species (DS)
Phyllostomus hastatus O L 0.847 0.016
Artibeus cinereus F L 0.667 0.181
Chrotopterus auritus C L 0.667 0.201
Phyllostomus discolor @] L 0.657 0.188
Sturnira lilium F p* 0.333 1.000
Anoura geoffroyi N E* 0.167 1.000
Genus (DS)
Phyllostomus @) L 0.682 0.091
Subfamily (RS)
Desmodontinae L 0.550 0.134
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Table 3.

p-value

RegiortSEASON) r I Il 11 v V VI

CCBRRs) -0.183 0.110 0.1300.017 0.043 0.008 0.008
CCBRps) -0.039 0397 0.459 0.409.419 0.744 0.713
HPRs) -0.109 0.055* 0.043 0.025 0.048 0.012 0.018
HPps) 0.043 0771 0.782 0.789.782 0.695 0.709
PEMSgs) 0.141 0.795 0.804 0.968.861 0.993 0.992
PEMSps) 0.047 0.783 0.745 0.7210.710 0.486 0.483

* Marginally significant
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FIGURES

Figure 1. Sampling site scores on PCA axis 1 reflecting ttessvegetation structural complexity
in the three study regions: The Chamela-Cuixmatsjihhere Reserve (black bars), Hato Pifieiro
(gray bars) and Parque Estadual da Mata Seca (bdmisg. Sampling sites representing different
successional stages are: from P1 to P3= pastuoes H1 to E3= early stage, from I1 to 13=

intermediate stage and from L1 to L3= late stage.

Figure 2. Rank-abundance curves of the phyllostomid assegablaccurring in the Chamela-
Cuixmala Biosphere Reserve sampling sites duriagaimy (A) and the dry season (B). Sampling
sites are as in figure 1. Numbers represent speajgsired according to the following list in

which the species subfamily (St: Stenodermatin&eG®ssophaginae, Ph: Phyllostominae, Cr:
Carolliinae, Ds: Desmodontinae) and foraging g@dFrugivore, N: Nectarivore, Gl: Gleaning
Insectivore, S: Sanguivore) are also specifiedaireptheses. Artibeus jamaicensis (St, F), 2:A.
lituratus (St, F), 3:A. watsoni (St, F), 4:A. phaeotis (St, F), 5:Carollia sp (Cr, F), 6:Centurio

senex (St, F), 7:.Chiroderma salvini (St, F), 8 :Choeroniscus godmani (Gl, N), 9: Desmodus

rotundus (Ds, S), 10Glossophaga commissarisi (Gl, N), 11:G. soricina (Gl, N), 12:

Micronycteris microtis (Ph, Gl), 13Lleptonycterisyerbabuenae (Gl, N), 14:Surnira lilium (St,

F) and 15Musonycteris harrisoni (Gl, N).

Figure 3. Rank-abundance curves of the phyllostomid assegablaccurring in Hato Pifieiro
sampling sites during the rainy (A) and the dryseea(B). Sampling sites are as in Figure 1.
Numbers represent species captured according foltbeing list in which the species subfamily
(St: Stenodermatinae, Gl: Glossophaginae, Ph: &tgininae, Cr: Carolliinae, Ds:

Desmodontinae) and foraging guild (F: FrugivoreNectarivore, Gl: Gleaning Insectivore, C:
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Carnivore, O: Omnivore, S: Sanguivore) are alsaifipd in parentheses. Artibeus jamaicensis
(St, F), 2:A. lituratus (St, F), 3:Carollia brevicauda (Cr, F), 4:C. perspicillata (Cr, F), 5:
Chiroderma salvini (St, F), 6:C. villosum (St, F), 7:Desmodus rotundus (Ds, S), 8:Glossophaga
longirostris (Gl, N), 9:G. soricina (Gl, N), 10:Micronycteris megalotis (Ph, Gl), 11:M. microtis
(Ph, GI), 12M. minuta (Ph, Gl), 13M. nicefori (Ph, Gl), 14M. schmidtorum (Ph, Gl), 15:
Phyllostomus elongates (Ph, O), 16P. hastatus (Ph, O), 17Platyrrhinus helleri (St, F) 18:P.
vittatus (St, F), 19:Sphaeronycteris toxophyllum (St, F), 20:&urnira lilium (St, F), 21.:
Lophostoma brasiliense (Ph, Gl), 22Trachops cirrhosus (Ph, Gl), 23:Uroderma bilobatum (St,
F), 24:U. magnirostrum (St, F), 25Vampyrum spectrum (Ph, C), 26Microncyteris hirsuta (Ph,
Gl), 27:Mimon bennettii (Ph, GI), 28:M. crenulatum (Ph, GI), 29:Phylloderma stenops (Ph, F),

30: Tonatia saurophila (Ph, Gl).

Figure 4. Rank-abundance curves of the phyllostomid assegablaccurring in the Parque
Estadual da Mata Seca sampling sites during ting (&) and the dry season (B). Sampling sites
representing different successional stages am igire 2. Sampling sites are as in Figure 1.
Numbers represent species captured according foltbeing list in which the species subfamily
(St: Stenodermatinae, Gl: Glossophaginae, Ph: &tgininae, Cr: Carolliinae, Ds:
Desmodontinae) and foraging guild (F: FrugivoreNectarivore, Gl: Gleaning Insectivore, C:
Carnivore, O: Omnivore, S: Sanguivore) are alsaifipd in parentheses. Artibeus lituratus (St,
F), 2:A. planirostris (St, F), 3:Carollia spp, groupingC. brevicauda andC. perspicillata capture
data (Cr, F), 4Chiroderma villosum (St, F), 5:Chrotopterus auritus (Ph, C), 6:Desmodus

rotundus (Ds, S), 7Diphylla ecaudata (Ds, S), 8:Glossophaga soricina (Gl, N), 9:Lonchophylla
mordax (Gl, N), 10:Lophostoma brasiliense (Ph, Gl), 11Micronycteris sanborni (Ph, GI), 12:

Mimon bennettii (Ph, GI), 13M. crenulatum (Ph, GI), 14:Phylloderma stenops (Ph, F), 15:
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Phyllostomus discolor (Ph, O), 16P. hastatus (Ph, O), 17Tonatia bidens (Ph, Gl), 18:Anoura

geoffroyi (Gl, N), 19:A. cinereus (St, F), 20&urnira lilium (St, F).

Figure 5. Percentage of the total species number for eadiasilly (A) and broad guild (B, F:
Frugivore, N: Nectarivore, Gl: Gleaning Insectivote Carnivore, O: Omnivore, S: Sanguivore)
in the three study regions (CCBR: Chamela-CuixmBatsphere Reserve, HP: Hato Pifieiro, and

PEMS: Parque Estadual da Mata Seca).

Figure 6. Species richness estimated with the first-ordédjaide estimator, per site and per
season (triangles= rainy season, circles= dry s@asbthe three study regions (A= CCBR, B= HP
and C= PEMS). Sampling sites are as in Figure thribars represent the confidence intervals of

the estimated values.

Figure 7. Average number of phyllostomid individuals captueaath night (x95% confidence
intervals), per site and per season (trianglessyragason, circles= dry season), at the three study

regions (A= CCBR, B= HP and C= PEMS). Samplingsséee as in Figure 1.

Figure 8. Baker’s phylograms including just the phyllostorsjbcies present at each study
region. Species not captured during samplings amed with an asterisk. Species and the
acronyms used in the phylograms akeoura geoffroyi (ANGEQ), Artibeus cinereus (ARCIN),
Artibeus hirsutus (ARHIR), Artibeus jamaicensis (ARJAM), Artibeus planirostris (ARPLA),
Artibeus lituratus (ARLIT), Artibeus phaeotis (ARPHA), Artibeus toltecus (ARTOL), Artibeus
watsoni (ARWAT), Carollia brevicauda (CABRE), Carollia perspicillata (CAPER),Carollia sp
(CAsp),Centurio senex (CESEN),Chiroderma salvini (CHSAL), Chiroderma villosum (CHVIL),

Choeroniscus godmani (CHGOD), Chrotopterus auritus (CHAUR), Desmodus rotundus
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(DEROT), Diphylla ecaudata (DIECA), Glossophaga commissarisi (GLCOM), Glossophaga
longirostris (GLLON), Glossophaga soricina (GLSOR),Leptonycteris yerbabuenae (LEYER),
Lonchophylla mordax (LOMOR), Lophostoma brasiliense (LOBRA), Macrotus water housii
(MAWAT), Micronycteris hirsuta (MIHIR), Micronycteris megalotis (MIMEG), Micronycteris
microtis (MIMIC), Micronycteris minuta (MIMIN), Micronycteris sanborni (MISAN),
Micronycteris schmidtorum (MISCH), Mimon bennettii (MIBEN), Mimon crenulatum (MICRE),
Musonycteris harrisoni (MUHAR), Phylloderma stenops (PHSTE),Phyllostomus discolor
(PHDIS), Phyllostomus elongatus (PHELO), Phyllostomus hastatus (PHHAS), Platyrrhinus
helleri (PLHEL), Platyrrhinus lineatus (PLLIN), Platyrrhinus vittatus (PLVIT), Sphaeronycteris
toxophyllum (SPTOX),Surnira lilium (STLIL), Tonatia bidens (TOBID), Tonatia saurophila
(TOSAU), Trachops cirrhosus (TRCIR), Trinycteris nicefori (TRNIC), Uroderma bilobatum

(URBIL), Uroderma magnirostrum (URMAG), Vampyrum spectrum (VASPE).
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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Figure 6 continued
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Figure 7 continued
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Figure 8
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APPENDIXES

Appendix 1. Non-metric multidimensional scaling ordinations (M) of sampling sites, based
on phyllostomid species identity and relative atama for A: Chamela-Cuixmala Biosphere
Reserve (CCBR) considering the rainy season (R8uces, B: CCBR considering the dry season
(DS), C: Hato Pifieiro (HP) considering the RS, [P ¢bnsidering the DS, E: Parque Estadual da
Mata Seca (PEMS) considering the RS and F: PEMSidering the DS. Sampling sites
representing different successional stages anet R to P3= pastures, from E1 to E3= early
stage, from I1 to I3= intermediate stage and frdimd_L3= late stage. The species codes for
CCBR are as in Figure 2, for HP as in Figure 3fandPEMS as in Figure 4. The stress-value of

the ordinations appears on the top of the graphs.

Appendix 2. Averagenumber of individuals captured per sampling niglet, site and per season,
representing the different guilds (N= nectarivofes frugivores, Gl= gleaning insectivores, C=
carnivores, S= sangivores and O= omnivores) at stacly region. Regions and sampling sites are

as in Appendix 1.

Appendix 3. Non-metric multidimensional scaling ordinations (&) of sampling sites, based
on guild’s composition and relative abundancetlierthree study regions at each season. Regions
and sampling sites are as in Appendix 1. The strake of the ordinations appears on the top of

the graphs.

Appendix 4. Average values (and confidence intervals) of tlspoase variables significantly
differing among successional stages/seasons @hheela-Cuixmala Biosphere Reserve.

Successional stages are: E= early, I= intermediatiel= late .The response variable at the
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population level is the average number of individud G. soricina (GLSOR) captured per night
during the rainy season (RS); at the ensemble taeelariable is the average number of
nectarivores (N) captured per night during the &%t at the assemblage level the response
variables are: scores of the NMDS axes based enlisisimilarities of species (Species NMDS2,

Species NMDS1) and guild composition (Guild NMD$R)ing the RS and the dry season (DS).

Appendix 5. Average values (and confidence intervals) of tlspoase variables significantly
differing among successional stages/seasons inHa&ro. Successional stages are: E= early, I=
intermediate and L= late .The response variabl#segpopulation level are: average number of
individuals ofUroderma bilobatum (URBIL), Uroderma magnirostrum (URMAG), Desmodus
rotundus (DEROT), andPhyllostomus elongatus (PHELO) captured per night during the rainy
(RS) and dry season (DS). At the ensemble levaldtgonse variables are: average number of
omnivores (O) and frugivores (F) captured per naylring the RS and the DS.At the assemblage
level the variables are the scores of axis 2 oNREDS based on site dissimilarities of the
assemblage’s guild composition (during the RS)yel as estimated species richness (RS and

DS) using the first-order jackknife estimator.

Appendix 6. Average values (and confidence intervals) of tlspoase variables significantly
differing among successional stages/seasons in@&stadual da Mata Seca. Successional stages
are: E= early, I= intermediate and L= late. Theooese variable at the population level is the
average number of individuals Gf soricina captured per night during the dry season (DShAt t
ensemble level the response variable is the avenagder of nectarivores captured per night

during the DS.

Appendix 7. Randomization test for the phylogenetic signgblofllostomid trophic guilds.
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Appendix 1 continued

C Stress 10.858
0.4
®I3
o P2 21 41?12
0.2- O E3 oil o
.o 24’ 20 4 15 ..}ﬁ ®L35 6
0- ¢ ¢ 15 ®11
L 2
01222 ?%1 .o *3
0.2 - ® P317 o7 *23
e 13
0.4 -
®E2 25
-0.6 - *lé12
'08 T T T T T T T T

NMDS2

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

Stress 13.187

0.6
oIl
i ¢ 14
0.4 o EL
¢ 18
0.2- *22 ®L15¢28 @ L3
* 27 ¢ 30
.17 ¢ 24 »14e 39 13
0 em210 *%0 ®E36  §E216 23 *21
12 26, 29
’olé I o 12
-0.2 | L2
o7
-04
®I319
® P3
'06 I T T T T T T T T T

-1.4 1.2 -1 -0.8 -06 -04 -0.2 0 0.2 0.4 0.6 0.8
NMDS1

112



Appendix 1. continued
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Appendix 2.
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Appendix 2 continued
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Appendix 2 continued
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Appendix 3
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Appendix 3 continued
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Appendix 3 continued
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Appendix 4
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Appendix 5
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Appendix 5 continued
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Appendix 6
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Appendix 7

In order to test for To determine if a phylogensignal (i.e. closely related taxa being
functionally more similar to one another than tstalntly related taxa) on trophic guilds we
performed the randomization test suggested by Béwgbt al. (2003) on the phylogenetic
“supertrees” (Figure 8) of the three study regionghis way we evaluated whether a given tree
better fits a set of data obtained through the sandermutation of the original data (i.e. guild)
across the tips of the original tree and consedyidestroying any phylogenetic signal that may
exist on the original tree. The baseline for tmalgsis was the variance of phylogenetically
independent contrasts (Blomberg et al. 2003). Tmeparison of the real variance of contrasts
versus the distribution of the variance of consaditained through randomization, determines if
the observed phylogenetic signal is statisticatipisicant. A significantly lower variance of
contrasts of the real data compared to the perndatis evidence of a phylogenetic signal. A
higher variance of contrasts of the real data coetpto the permuted data indicates that the
resemblance of relatives (i.e. taxonomically reladpecies) is actually lower than expected, which
is termed “antisignal” by Bloomerg et al (2003).eT$tatistical test was based on 1,000
randomizations. All statistical analyses were penked in the R package “Picante” (Kembel et al.
2010, R Development Core Team 2010).

Results are presented in the following table whieeep-values and Z-scores of the
observed vs random variance of the phylogeneticadlgpendent contrasts are shown. Significant

p-values are in bold.

Region p-value Z-score
CCBR 0.007 -1.468
HP 0.001 -2.613
PEMS 0.002 -1.388
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These results are an evidence of phylogenetic smmaophic guilds as, in the three
regions; we found a significantly lower variancecohtrasts on the real data that on the permuted

data (negative Z-score).
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CarPiTuLo 4

Local and landscape factors determining occurrefce
phyllostomid bats in tropical secondary dry forest



RESUMEN

Los bosques neotropicales estan siendo reempladadosma creciente por un mosaico de
parches de vegetacion que representan difererite@ssucesionales, campos agricolas y
pastizales. Por este motivo, la identificacionaeflctores que definen la distribucion y
desempenio de los taxa en los paisajes transfornpadds actividad humana esta ganando
importancia, espacialmente para aquellos taxawpgan un papel critico en el funcionamiento de
los ecosistemas. Entre los murciélagos filostomg#osncuentran representados la mayoria de los
gremios tréficos identificados entre los murciékmgeotropicales, incluyendo los nectarivoros y
frugivoros que juegan un papel importante en paxesmo la reproduccion de las plantas y la
regeneracion de los bosques. En este estudioyamast las relaciones causales entre la variacion
en la presencia y abundancia de los murciélagostdinidos en diferentes estadios sucesionales
de un bosque neotropical seco (a nivel de ensamlaiagamble y poblacion), y las variaciones en
los atributos del habitat, tanto a nivel local (pdefidad estructural de la vegetacién) como a nivel
de paisaje (porcentaje de cobertura del bosque paoenedio de los parches de vegetacion y
diversidad de parches de vegetacion). Con est@gitopmuestreamos, con redes de niebla, 12
sitios representando 4 diferentes estadios suademdefinidos con base en la edad de abandono:
pastizales (0 afio), inicial (3-5 afios), intermd@id2 afios), y tardio (méas de 50 afios). Durante
142 noches de muestreo capturamos 606 filostomatwesentando 15 especies, 11 géneros, 5
subfamilias y 4 gremios tréficos. El analisis daigaje se llevo a cabo empleando dos escalas
espaciales diferentes correspondientes a circurdagde 500 y 1000 m centradas en los sitios de
muestreo. En general, encontramos que tanto laciéni en los atributos del habitat a nivel local,
como a nivel de paisaje, explican la variacionaepresencia y abundancia de filostémidos a
través de la secuencia sucesional, siendo su pagbcativo dependiente de la escala de analisis.
Encontramos también una respuesta gremio espeaifasavariaciones en los atributos del

paisaje, de tal modo que la variacion en la aburidate frugivoros estuvo principalmente
explicada por variaciones en la cobertura de vegetaiparia, mientras que las variaciones en la
abundancia de nectarivoros estuvo principalmerntioaxia por variaciones en la cobertura de
bosque seco. Esto se debe, probablemente, a qaeegetacion riparia prevalecen los recursos
chiropterocdricos, mientras que en el bosque sen@lecen los recursos chiropterofilicos. De
hecho, la variacién en la cobertura de la vegetagparia estuvo significativamente asociada con

variaciones en la composicion especifica y abundatelos ensamblajes de filostomidos, debido
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posiblemente al predominio de las especies deviougg en estos ensamblajes. Concluimos que,
en los paisajes transformados, la conservaciéagdéreas de vegetacion riparia es crucial para la
conservacion de la diversidad de murciélagos ysaervicios ecolégicos que brindan.
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Abstract

Neotropical forests are being increasingly repldmgd mosaic of patches of different
successional stages, agricultural fields, and pastands. The identification of factors shaping
taxa distribution and performance in human-tramsfat landscapes is gaining importance,
especially for those taxa playing critical rolesrosystem functioning. Phyllostomid bats
comprise most of the foraging guilds found amongti®ical bats, including nectarivores and
frugivores that play important roles in processgslant reproduction and forest regeneration.
Here, we evaluate the causal/explanatory relatipedtetween variations in the occurrence of
phyllostomid bat assemblages, ensembles and pamdan different successional stages and
variations in habitat attributes at local (vegetatstructure complexity) and landscape levels
(percentage of forest cover, mean patch area, i@edsdy of patch types) in a Neotropical dry
forest. For this purpose, we mist-netted bats isite® representing 4 different successional stages
defined by their age of abandonment: pasturesq)) garly (3-5 yrs), intermediate (8-12 yrs) and
late successional forests (>50 yrs). During 142@ima nights we captured 606 phyllostomids
representing 15 species, 11 genera, 5 subfamii@g droad guilds. Landscape analysis was
performed at two different scales: 500 and 1000roumferences around sampling sites. In
general, we found that variation in local and laragee habitat attributes significantly explained the
variation of phyllostomid occurrence across theonbsequence, with their explanatory power
scale-dependent. We also found a guild-specifiparse to variation in landscape attributes,
where variation of frugivore abundance was mainiyl@ned by variation in the amount of
riparian vegetation, whereas variation of nectagvabundance was mainly explained by variation
in the amount of dry forest vegetation. These tesare explained by the prevalence of
qguiropterochorous resources in the riparian hahnatof quiropterophilic resources in the dry

forest. In fact, the variation in the amount ofanian vegetation was significantly associated with
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the variation in phyllostomid assemblage abundamckspecies composition, probably because of
the prevalence of frugivorous species in phyllostbassemblages. We conclude that the
preservation of the riparian vegetation is crufdalthe conservation of bat diversity and their

important ecological interactions in tropical doyést transformed landscapes.

Key words
Phyllostomid bat assemblage, Tropical dry forestd®dary forest, Succession, Landscape

ecology.

Introduction
Tropical landscapes have been increasingly modifieduman activities, altering their natural
structure and the course of ecological processes @onsequence of small (i.e. death of one or a
few trees) and large scale (i.e. wind falls, lait#s, volcanism, fire, periodic and long-lasting
flooding) natural disturbances, combined with thgang successional process in disturbed areas
(Lobova et al 2009, Whitmore 1991), tropical larajses are composed of a mosaic of different
successional stages. Natural patterns and prodeage$een modified by human activities
principally because of changes in land-use (Gastah 2004, Primack et al. 2001, Sala et al.
2000, Whitmore 1997). This has provoked the remofal great portion of vegetative coverage,
the formation of more and smaller vegetation patctiee increment of habitat edges, the
introduction of exotic species, the alteration lobtic components of the environment, and the
reduction of vegetation capabilities to recovenirdisturbance, among others (Chazdon et al.
2007, Gaston et al. 2004, Hilty et al. 2006, Laueaand Bierregaard 1997, Maass 1995).

Cattle raising, agriculture and logging are amdreggland-use changes that have most

severely modified Neotropical landscapes. Thesgities have provoked the replacement of
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natural vegetation by a mosaic of patches of dfiesuccessional stages, agricultural fields,
pasture lands and human settlements (Chazdon2€iGM, Nepstad et al. 1999, Primack et al.
2001, Quesada & Stoner 2004, Quesada et al. 2@D@h8z-Azofeifa et al 2005, Skole & Tucker
1993). Some authors predict that these transfotaretscapes will be the predominant habitat
available for wildlife in the near future (Hilty et 2006, Quesada et al. 2009).

In this context, the identification of factors tishape taxa distribution and performance in
human-transformed landscapes is gaining an inecrgasiportance (Green et al. 2005, Harvey et
al. 2006) as an invaluable baseline for the predienv and management of biodiversity (Daily
2001, Daily et al. 2001, Green et al., 2005, Haregl., 2006, Schroth et al., 2004). In order to
maintain ecosystem structure, as well as the viglaif key ecological processes, particular
attention must be paid to taxa playing criticabsoin ecosystem functioning (Cosson et al. 1999b,
Jordan 2009). Maintaining such processes will belpreserve an important fraction of the
biodiversity in contemporaneous ecosystems.

In the Neotropics, bats are considered an impodamponent of biodiversity (single sites
hosting up to 70 species, Aguirre et al. 2003)yal as a keystone group. Due to the dramatic
ecological and evolutionary radiation of bats, tbhegupy virtually every trophic level, from
primary to tertiary consumers (i.e. folivores, ragitores, pollinivores, frugivores, insectivores,
animalivores and sanguivores), interacting withrgé spectrum of organisms and regulating
complex ecological processes (Bernard and Fentf8, Xstrada et al. 1993a, Fleming 1988,
Hutson et al. 2001). Their importance in ecosyst@mationing is determined by the ecological
services they provide in seed dispersal, pollimatemntrol of invertebrate and small vertebrate
populations, and recycling and translocation ofieats and energy in the ecosystem (Charles-
Dominique 1986, Fleming 1982, 1988, Gorchov el 883, Kalka et al. 2008, Muscarella and

Fleming 2007, Valiente-Banuet et al. 2004, Whitaka®3, Williams-Guillén et al. 2008). In the

131



Neotropics bats visit and presumably pollinate appnately 573 species and disperse seeds from
549 species (Geiselman et al. 2002 onward, Lovbhaa 2009), maintaining plant diversity,
connecting distant plant populations via pollen aedd movement, and promoting forest
regeneration in degraded lands via seed dispémnsi@ct, in some Neotropical regions, nearly half
of the most abundant pioneer plant species ardibpérsed (i.eSolanumCecropig Piper,

Vismig Charles-Dominique 1986). Additionally, insectigas bats can significantly decrease
herbivory levels in some Neotropical forests ay timay consume up to 1.5 times their body

weight in insects per night (Kalka et al. 2008).

1.1Bats” response to anthropogenic disturbance

The response of bats to anthropogenic disturbanbeotropical regions has received increasing
attention during the last twenty years. Neverthglggemains poorly understood as studies have
reported contradictory results (Table 1 in Avilab@dilla et al. 2009). Some studies suggest that
bats are more tolerant to habitat modification thtrer animals and they attribute this to: (1)thei
capacity to fly, crossing habitat boundaries aneinogreas (including physical barriers for other
species), (2) their ability to exploit resourceattare patchy in space and time, and (3) their
capacity to shift their diets or adapt their bebawo resource availability (Bernard and Fenton
2002, 2003, 2007, Castro-Arellano et al. 2007, ©@astina et al. 2007, Estrada et al. 1994,
Gorrensen and Willig 2004, Lumsden and Benneet 20@htiel et al 2006, Offerman et al. 1995,
Turner 1996). In contrast to the above mentionadiss, others suggest that bats are sensitive to
habitat loss or modification and to the resultiggiation in habitat structure, food and shelter.
Bats” responses to habitat alteration have be@rtteet at the assemblage and ensemble-level (i.e.
change in species composition, reductions in dityeasid abundance), at the population-level (i.e.

reduction in abundance and strong deviations iptiilations” sex ratio; Brosset et al. 1996,
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Bianconi et al. 2004, Cosson et al. 1999a, b, Hateand Coates-Estrada 2002, Fenton et al. 1992,
Henry et al. 2007, Medellin et al. 2000, Medinale2007, Meyer and Kalko 2008, Reis and
Muller 1995, Schulze et al. 2000), and at the irdligl level (i.e. more stressed individuals in
fragments as shown by Henry et al. 2007, or chamgesaging patterns as shown by Stoner et al.
2002 and Quesada et al. 2004 for nectarivores amdidalellin and Gaona 1999 for frugivores).

In spite of the variation in results from differesttidies, some tendencies of bats” response
to habitat modification have been identified. Feample, rare species with specialized diets and
habitats (Medellin et al. 2000), such as the glegamsectivores and carnivores from the
subfamily Phyllostominae, are more tightly assaxawith mature forest (Bernard and Fenton
2003, Brosset et al 1996, Castro-Arellano et al.72C@astro-Luna et al. 2007, Clarke et al. 2005a,
b, Fenton et al. 1992, Kalko et al. 1999, Mededlial. 2000, Ochoa 2000, Peter et al. 2006,
Wilson et al. 1996). In the case of frugivoresroptcal humid forest, bat abundance is higher in
anthropogenic habitats than in mature forests, kvisidinked to an increase in the abundance of
chiropterochorous plants in the former sites (Bebs$ al. 1996, Clarke et al. 2005a, Faria 2006,
Faria et al. 2006, Faria and Baumgarten 2007, Manei al. 2007, Medellin et al. 2000, Ochoa
2000, Peters et al. 2006, Reis et al. 2003, Wikal. 1996). Finally, species least affected by
habitat modification are those with: (a) large gepdic ranges, (b) large body sizes, (c) large
home ranges, (d) generalist habitat requirements(@) high natural abundances (Avila-Cabadilla
et al. 2009, Cosson et al. 1999a, b, Estrada #08Ba, Estrada and Coates-Estrada 2002, Montiel
et al. 2006).

In order to clarify our understanding of bat resgEsito habitat disturbance studies are
needed that move forward the dichotomous and aiiakt description of habitat (i.e. fragmented
vs. continuous forest, disturbed vs. undisturbdathg (Fahrig 2003, Klingbeil and Willig 2009);

a quantitative characterization of habitat attrédsutvill allow us to identify specific factors
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determining bat occurrence in areas with diffedisturbance levels. Additionally, we need
studies that evaluate not only the effect of vastabn local habitat attributes (i.e. tree density,
canopy cover, and fragment shape and area), butresspatial configuration and composition of
the landscape at different focal scales (Cossah¥299b, Gorrense and Willig 2004, Klingbeil
and Willig 2009, Meyer and Kalko 2008). Moreoveiisicrucial that studies analyze bat responses
at the population-level, identifying species-speaigésponses to variation in particular habitat
attributes (Gorrensen & Willig 2004, Gorrensenle2@05, Klingbeil & Willig 2009, Willig et al.
2007). The exclusive use of diversity indexes afiogrouping measurements preclude a good
understanding of bat responses, as they intedrateetiction of species with different ecological
requirements and, in some cases, are influencédedlyehavior of the most abundant species.
Lastly, studies should include regions with corttrasecosystems, regional pools of species, and
disturbance regimes; this will facilitate the idéoation of general patterns of bat responses to
anthropogenic habitat modification and may be usefpredicting outcomes for a broader

spectrum of anthropogenic landscapes (Bierregdald £97, Cosson et al 1999a).

1.2. Study Focus and objectives
We focus on phyllostomid bats because: (1) in thethpics this is the most diverse bat family
(Hutson et al. 2001) in taxonomic (i.e. 151 specasl functional terms, containing most of the
foraging guilds and all of the nectarivorous angyjivorous species; (2) their specialized
requirements for food, roosting and habitat (ileylPstominae bats), make them useful indicators
of habitat change (Fenton et al. 1992, Jones 208P); and (3) they are easy to sample using mist
nets.

We are interested in tropical dry forest (TDF) hesmait presents unique structural and

functional features suggesting that current knoggeof bat responses to habitat disturbance,
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mostly coming from moist / rainforest cannot berapblated to assemblages inhabiting TDF
(Avila-Cabadilla et al. 2009). Moreover, this ecet®yn is widespread in the Neotropics, being
present in most latitudinal gradients (approximeteension 519,597 kmPortillo-Quintero and
Sanchez-Azofeifa 2010) and it hosts a high numbendemic species (Ceballos 1995, Gentry
1995). Additionally, this ecosystem is under searthropogenic pressure and has suffered a 66%
reduction of its original area (Portillo-QuinterncaSanchez-Azofeifa 2010) and is poorly
represented in natural protected regions (Miled.e2006, Portillo-Quintero and Sanchez-Azofeifa
2010).

The main objective of our study was to identify sallexplanatory relationships between
changes in phyllostomid bat assemblages, enserabtepopulations and the variation in habitat
attributes at local and landscape levels in a T&#sed by the most common anthropogenic
disturbances (agriculture and cattle raising; Chazet al. 2007). We also discuss the implications
of our results for phyllostomid bat conservatioramthropogenic TDF landscapes.

To evaluate the possible factors determining tleeigence of phyllostomid bats in
different successional stages we used a chronosegapproach as a baseline. Tropical dry forest
and riparian forest (RF) served as focal habita¢$yfor characterizing landscape attributes. We
predict that variation in phyllostomid assemblagmposition, which includes a significant
portion of species tightly associated with matunee$t (6 of 15 species in the study system, Avila-
Cabadilla et al. 2009), will be explained by vaaas in vegetation structural complexity and by
vegetation cover among successional stages. Mardmeeause of their contrasting ecological
requirements (i.e. food resources), we predictileatarivore and frugivore abundance, analyzed
at the ensemble and population-levels, will respiora guild-specific way to changes in local and
landscape habitat attributes (Klingbeil & Willig@®). Specifically, we expect to find the highest

frugivores abundance in sites with the highest co¥eiparian vegetation, as the riparian hosts
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most of the chiropterochoric species of the redlanit 1993, 2002, personal observation). We
also expect to find the highest nectarivores aboog@ sites with a reduced amount of dry forest,
as the most abundant nectarivorous species iretherr tend to occur in higher abundance in the

early successional stages of the tropical dry fq#gla-Cabadilla et al. 2009).

2. Methods

2.1 Study area and sampling sites

The present study was conducted in and surrountdeng@hamela-Cuixmala Biosphere Reserve
(CCBR, Fig. 1), located in the central western toa#/exico in the state of Jalisco (19°22’-
19°35'N, 104°56’-105°03'W). The CCBR has an extensof 13,200 ha and is covered by a well
preserved TDF (Lott 2002) and some small areagofaong other vegetation types (Lott 1993,
2002). In this region, the precipitation regimdduals a markedly seasonal pattern as most of the
rainfall occurs during June-October. Average anpuetipitation from 1977 to 2006, is 763 + 258

(SD) mm fttp://www.ibiologia.unam.mx/ ebchamela/index.htawhd average annual temperature

is 24.6°C. During the sampling years, average dmpreaipitation and the months that received

rainfall were: 2004, 652 mm (June-October); 20@s, Bim (July-August); and 2006, 387 mm

(June-Octobemttp://www. ibiologia.unam.mx/ebchamela/index.html

We selected twelve sampling sites (Fig. 1) repriasg a TDF successional gradient
(chronosequence) of four successional stages:t@rpaqP, sites used by farmers until the
beginning of the study), 3 early sites (E, site8-&f years of abandonment at the beginning of the
study), 3 intermediate sites (|, sites of 8-12 gedrabandonment at the beginning of the study)
and 3 late sites (L, sites of at least 50 yeark Slides were located on slopes of small hillsgslo
ranging from 15° to 25°), at a mean height of 228.ml. North facing slopes were not used to

avoid the higher heterogeneity of plant communitiesurring on such slopes (Balvanera et al.
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2002). All secondary sites were located aroundX@8R limits (Fig. 1), at a distance ranging
from 1000 to 5000 m, and were constituted by pddts20 * 90 m embedded within a matrix of
the same vegetation type and protected by firekisrand fences for keeping cattle out. For more
detailed information about the land use historgarhpling sites, including photographs, see

Avila-Cabadilla et al. (2009).

2.2 Bat sampling
Bats were mist netted following a standardized dagunit consisting of a set of five mist nets—
two 6 m, two 9 m and one 12 m long (all were 2.6igh). One set of mist nets comprised a
sampling area of 109meach sampling night. The sampling unit was locatiékin and
surrounding each plot (120 x 90 m), crossing natoaidors representing flyways for bats.
Distance among nets was not shorter than 30 m. Bagyas performed for 5 hours after sunset,
a period of time that coincides with peak foragiinge for most phyllostomid bats (Fenton and
Kunz 1977), avoiding windy, rainy and full moon hig to reduce variation in capture success.
Different phyllostomid species may be unequally gi@ah by mist nets. Nevertheless, this
fact has not been documented systematically analsaeme that capture data adequately reflect
the relative abundance of all phyllostomid spedies.are also aware that our data may represent
a biased portrait of the bat assemblages as wesantpled one vegetation stratum. Nonetheless,
due to the low canopy height of TDFs (tree heighiging from 5 to 10 m, Durén et al. 2002) in
comparison to moist/rain forest, we consider groomst nets an accurate method reflecting the
relative abundance of phyllostomids at our studsy. si
From June 2004 to August 2006, most sites wer@kahevery 46 + 15 (SD) days. In

pastures we reduced the number of sampling nigledalthe paucity of captures. During each
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census period we randomized the order in whicls svere sampled. We also avoided biases due
to trap-shy behavior by sampling each site for amg night during a census period.

Nets were checked approximately every 30 min ampdured bats were stored temporarily
in cloth bags. Bats were identified at the spelgesl based on the dichotomous keys of Medellin
et al. (1997) and Timm and Laval (1998). Excluduneniles and non healthy individuals, all bats
were marked on their forearm using numbered alumibands. Individuals were released where
they were originally captured. We collected andhtdeed the seeds found in bats feces inside the
cloth bags. Bats nomenclature follows Simmons (2@d% bat ensemble assignation follows

Timm and Laval (1998): frugivores, nectarivoregagling insectivores and sanguivores.

2.3 Habitat attributes
2.3.1 Local scale

In 2004 we assessed in a quadrate of 50*20 m wthah plot, the following vegetation
attributes for woody plants with a diameter at btdweight equal or higher than 2.5 cm: 1. Number
of individuals (IP), 2. Species number (SP), 3.albasal area (BA), and 4. Average leaf area
index per plot (LAI). LAl is the projected greerafearea per unit of a horizontal plane (Fournier et
al. 2003). This index is considered a useful inicaf biophysical characteristics of vegetatidn. |
allows for discrimination of successional stagegsagalue increases toward sites with higher
vegetation complexity (e.g., higher number of stratoody species, basal area, etc, Kalacska et al.
2004). LAl was measured during the rainy seasondnyg a LAI-2000 Plant Canopy Analyzer
(LI-COR, USA). Detailed information on how measusits were recorded in each successional
stage can be found in Nassar et al. 2008.

To obtain a continuous synthetic variable summiagizampling site variation in

vegetation parameters we performed a principal crapt analysis (PCA) of all the variables
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described above. Axes 1 and 2 of the PCA explaid@th and 11% of the variation, respectively,
(Appendix 1). Therefore, axis 1 scores were usedrasw variable reflecting the structural
complexity of each site. This new variable was usedn explanatory variable for evaluating bat
responses to local scale variation in the habiiae. four vegetation parameters considered in the
PCA were positively correlated with axis 1 and tlegenvector values were: IP (0.48), SP (0.52),
BA (0.52) and LAI (0.48). Based on this, we caruass that axis 1 represents a successional
gradient where the sites with higher structural plaxity (late and intermediate stages) present
higher scores.

2.3.2 Landscape scale

2.3.2.1 Image classification

The estimation of landscape metrics used as exjlgneaariables in the study were based on a
classified image comprised of 4 ASTER, cloud fretellite images, acquired for the Pacific coast
of Mexico on December 28, 2005. This date is thetrappropriate for the study as it represents
an intermediate moment along the bat sampling e corresponds to the dry season, when
the highest differentiation between pastures, TBFRF occurs (Kalacska et al. 2005, Sanchez-
Azofeifa et al. 2009). TDF and RF are the focaletagon types for our study. The four ASTER
images were georeferenced to a map produced bh&amrzofeifa et al. (2009) on

WGS84_UTM Zone 13 North. No atmospheric correcti@s applied to the images.

For image classification, we employed the firsethbands of the ASTER sensor (green,
red and near infrared), as well as two other b@ndduced by the calculation of two indices: the
normalized difference vegetation index (NDVI) amugée ratio (SR). These indexes are useful for
the discrimination of successional stages of TDFdqyo-Mora et al. 2005, Hartter et al. 2008).

Nominal spatial resolution of all bands is 15 m.
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Image classification was based on a hierarchieastlication analysis, where groups of
pixels were classified sequentially. During thisqess, we employed two algorithms for defining
the group of pixels—an unsupervised classificatind a supervised classification (ERDAS
Imagine v.9.2). The unsupervised classification emaployed for the definition of the following
classes: RF (including both gallery forest locadhg large rivers and gallery forest located
along temporary creeks), mangroves, oak foressosed growing field (i.e. corn, tomato, hot
pepper and watermelon), long term growing field.(mango, papaya, coconut and citrus), bare
soil (including dirt and paved roads) and watere Shpervised classification was employed for
the definition of dry forest initial successiontdges (dry forest pastures and early successional
stages) and dry forest advanced successional q@rye®rest intermediate and late successional
stages, DF).

Supervised classification was based on selectedriggareas spanning 200 pixels per
class. Information on training areas was collecladng the 2004-2005 field work. The
unsupervised classification was performed usingeBsence the high resolution imagery available

on Google Earth (http://earth.google.cpms well as the classified image presented bylg8am

Azofeifa et al. (2009). Finally, in order to elinaite the “noisy” results produced by wrongly
classified pixels we used the neighborhood functieailable in ERDAS Imagine v.9.2 (Leica
Geosystems, Georgia, USA). During this operatiarngaxel is analyzed and recoded, if
necessary, based on the number and location @ixkés in the neighborhood.

For image validation we used 50 reference poiatslass collected in the field and on

Google Earth (http://earth.google.cprwhich is considered an adequate number of netere

points for the extension of our image and our nunatbelasses (Congalton 1991). The final
accuracy of the classified image was estimated&&dhd 0.84 by the overall accuracy and Tau

coefficient statistics, respectively. Analyses waeeformed with the software Image Analysis,
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Ver 1.01, and Accuracy, Ver. 1.0, created by TCdenino-Beck at the Center for Earth
Observation Sciences (CEOS), University of Albeltatailed information about statistical
calculations can be found in Congalton (1991) aradavid Redmond (1995).

2.3.2.2 Explanatory variables at the landscapeecal

Landscape metrics considered were measured atiti@oedt focal scales defined within two
nested concentric circles of 500 and 1000 m raainascentered on the centroid of the mist net
distributions for each sampling site (Fig. 1). Toeal scales we selected allowed us to encompass
the expected home range of small and medium sigoptomids inhabiting the region (i.e.
Glossophaga soricind00 m radius, Lemke 198&;,. commissarisil51 m radius, Medina et al.
2007;Sturnira lilium: 636 m radius, Fenton et al. 2000). Moreover ftlzal scales selected
allowed us to minimize spatial overlap among neaghiy circles, avoiding spatial autocorrelation
and to compare our results with other studiegest00 and 1000 m focal scales have been used
by previous studies (Gorrensen and Willig 2004n#glieil and Willig 2009, Meyer and Kalko
2008). Nevertheless, sampling sites E1, 13 and eéfewot considered in the 1000 m radius
analysis to minimize spatial overlap among neighigpcircles (Fig. 1).

Landscape metrics used as explanatory variables sedected based on metrics found in
other studies to be associated with the occurrenabundance of phyllostomids, as well as an
appropriate number of explanatory variables fotistteal analysis. We aimed to avoid saturated
models without explanatory power (Crawley 2007)e Tiree variables selected were percentage
of forest cover, mean patch area, and diversifyab¢h types. Percentage of forest cover was
defined as the sum of the areag)(of all patches of a given type, divided by th@tarea of the
plot (circle) and multiplied by 100 (to obtain pentages). Mean patch area was defined as the
sum of the areas (inof all patches of a given type, divided by thenter of patches of such type.

Diversity of patch types was defined as the prdigthat any two cells selected at random would
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represent different patch types (Simpson’s divgisilex). All coverage classes considered in the
image classification were used in the determinatiotiie diversity of patch types. Conversely,
percentage of forest cover and mean patch areaes@meated separately for the DF and RF
classes, as these are the focal classes selecedltmte the response of phyllostomids to
variation in landscape attributes.

Calculations of landscape metrics were performsdguFragstat v.3.3 (McGarigal et al.
2002). Previous raster files corresponding to @ &d 1000 m radius images were transformed
to txt files in ArcMap v.9.2. These txt files wetee input files for Fragstat.

Two explanatory variables not normally distributeere transformed: mean patch area of
DF at 500 and 1000 m radius (log-transformed) ardmpatch area of RF at 500 m radius (square
root-transformed). To assess separately the infieh mean patch area and the influence of the
percentage of forest cover (as these metrics arelated, Fahrig 2003, Gorrensen & Willig
2004), in all subsequent analyses we substitute@stimated values of mean patch area by the
residual values of the regression between thesablas. This allowed us to eliminate the linear

effects of the association between the two metrics.

2.4 Analysis

2.4.1 Bat sampling completeness

The completeness of the bat survey was evaluatedlbylating, for all sampling sites, the
percentage of species that were sampled relatitreetestimated species richness. For estimation
of species richness we employed the first and skoaster jackknife indices. These indexes deal
properly with small sample sizes (< 100 individua¢s site), producing a low biased estimation of
species richness (Colwell and Coddington 1994).si3tency of these indices of species richness

estimation was evaluated by analyzing a graphefritlices values (axis y) versus the number of
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samplings (axis x) as suggested by Colwell and @gtion (1994). Ninety percent of
completeness was considered an appropriate lewanopling efficiency (Moreno and Halffter
2001).

2.4.2 Spatial autocorrelation

Ecological data are often spatially autocorrelatedaning that, for a given pair of sites,
assemblage structure and composition are moreasithéin expected for randomly associated
pairs of observations. This lack of independende/den a pair of assemblages violates the main
assumptions of standard statistical analyses, h@mge to a high type-I error (Legendre and
Legendre 1998). To evaluate if our dataset presamege degree of spatial structure, we generated
two kinds of matrices, an ecological distance mand a geographical distance matrix. For the
construction of the ecological distance matrixle@ting the dissimilarities between sampling sites
in terms of structure and composition of bat asdagds, we used the Bray-Curtis coefficient. For
the construction of the geographical distance matg used the Euclidian distance between
sampling sites. Finally, we used a Mantel testeda®) the Spearman rank correlation
coefficients, for quantifying the association betwwéhe two generated matrices. Significance level
(oo = 0.05) for testing if the real correlation coelgual zero was calculated based on 999
permutations. A non-significant relationship betwdéee two generated matrices indicates non-
significant spatial structure in the dataset.

2.4.3 Population, ensemble and assemblage paramasaresponse variables

The response of phyllostomids to habitat variaiblocal and landscape scales was evaluated at
the population, ensemble and assemblage-levell tases we used the mean number of
individuals captured at each sampling site as dicator of the abundance. At the population-
level, only the species represented by 25 indivglaamore (7 species) were considered in the

analysis. At the ensemble and assemblage-leved)sweconsidered, as a response variable, the
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species density (humber of species per samplintg)iyhich was rarified at 8 sampling nights.
Rarefaction allowed us to compare indices, asntiehtes biases related to differences in
sampling effort used for the estimation of indi¢@stelli and Colwell 2001). The site P1 was
excluded from the analysis of species density dutsiow number of sampling nights.

Dissimilarities between sampling sites in termspécies identity and abundance were
guantified using the Bray-Curtis coefficient (Magar 2004). This coefficient assigns the same
maximum distance to all sites not sharing any gseand is one of the preferred techniques for
analyzing differences in species composition (Kiaad Coe 2005). However, the final value of
this coefficient is more influenced by the specidh the largest difference in abundance,
provoking that a value obtained from a dataset dated by a few species, mainly will be
reflecting differences for those species (Kindt &k 2005). To avoid this bias, the matrix of
sampling sites by species abundance was standanmsasg the square-root. All phyllostomids,
including the rare ones (whose occurrence is msttito the late stage), were considered in the
analysis.

The distance matrix produced was used as an inptrbxfior a non-metric
multidimensional scaling ordination (NMDS), whictaps the observed assemblage’s
dissimilarities in term of species composition. Sierative method of ordination has the
advantage of properly handling nonlinear specisparse of any shape (Oksanen 2010) and has a
good performance even when beta diversity is ligtQune & Grace 2002). It is one of the
preferred ordination methods for analyzing commudéta (McCune & Grace 2002). The scores
of the resulting axis were employed as a respoasahle to evaluate the relationship between the

variation in assemblage species composition angdhation in the habitat attributes.
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2.4.4 Phyllostomid response to variation in hab#ttibutes

We evaluated the relationship between the phyltogtagesponse and all the explanatory
variables, at the 500 and 1000 m radius scalesggneralized linear models (GLMs). The
NMDS scores and the rarified species density aettsmble and assemblage-level were modeled
using a gaussian error distribution with the idegritnk function, as this is the error distribution
that best describes the structure of the dataabhedance data at the population, ensemble and
assemblage-level were modeled using a Poissondistobution with the log link function.

In order to identify the explanatory variables mdstly to causally influence the response
variables at the two analyzed scales, we perforangi@rarchical partitioning analysis (HPA
approach) (Chevan & Sutherland 1991). In this asg)yall possible GLMs combining the
explanatory variables, are jointly considered dredihcrease in model fit (measured by the log-
likelihood) generated by certain variables, isreated by averaging its influence over all models
in which that variable appears (Chevan & SutherB®@il, Mac Nally 2000). At the end, we
obtained a measure of the independent effect df egglanatory variable over the response
variable. This procedure alleviates problems oftioailinearity between the explanatory
variables. Multicollinearity problems can not beperly handled by statistical sequential methods
(i.e. stepwise selection), as they would tend lectspurious models due to a high type-I error
(Mac Nally 2000). Significanceaxw(= 0.05) of relationships between explanatory asphonse
variables was evaluated by the randomization tegjested by Mac Nally (2002).

In order to validate the robustness of the HPA antes (Mac Nally 2000), we compared
them to the outcomes of an information-theoretiggiroach to model selection (Akaike’s
information criterion: AIC approach, Akaike 1973his approach allows us to select the most
plausible models from a set of models. In our ceeset of models considered for every response

variable, at each scale, included the null modé&h@ut explanatory power) and six other models
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considering each explanatory variable independeAsyselection of the best model using the AIC
is not based on acceptance or rejection of nulletspat avoids complications with type-I error in
sequential searching protocols (Mac Nally 2000). Wed the version of AIC corrected for small
sample size (Alg). Then, we compared the models uskgwhich is the difference of AIC
between a given model and the best (lowestAhdbdel. We also calculated the AIC weights) (w
for each model. Thewepresents the weight of the evidence that aioartadel is the best model
given the data and the set of candidate modelsfzum and Anderson 2002). The 95%
confidence set of the best models was defined bysng the w, from the largest to the smallest,
until the sum i$> 0.95 (Burnham and Anderson 2002). Only models attAIC. lower than the

null model were considered to define the 95% canfad set of plausible models.

Finally, based on the results of both statistipgdraaches (HPA and AIC), we classified
the relationships between every explanatory vagiabld the corresponding response variables as:
(1) robust: when a significant relationship wasrdwaccording to the randomization test (HPA),
and when the explanatory variable was selecte@id®pthe most plausible models (AIC
approximation), (2) those denoting a tendency: wherexplanatory variables were among the
ones explaining the greatest portion of the vamain the response variable and they were
selected as part of the most plausible models @d@roach), although no significant relationship
was observed (HPA approach), and (3) no relatignstinen the explanatory variables were not
among the ones explaining the greatest portiohe¥ariation in the response variable (HPA
approach), and/or they were not selected as paéneahost plausible models (AIC approach).

All the statistical analyses were performed in RO®elopment Core Team 2009). We
used the vegan package (Oksanen et al. 2010)dané#mtel test and the Bray-Curtis coefficient

calculation as well as the MASS package (VenaliesRipley 2002) for the NMDS ordination.
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We also employed the hier.part package (Walsh aad Nally 2008) for the hierarchical

partitioning analysis.

3. Results

3.1 Captured bat species, bat sampling completegresdspatial autocorrelation test

One hundred and forty-two sampling nights resultetthe capture of 606 phyllostomid

individuals representing 15 species, 11 generapfamilies and 4 broad guilds (Table 1). For the
mean number of captured individuals per specie§abke 1. The most abundant species were
Artibeus jamaicensj<s. soricinaandDesmodus rotunduand the broad guilds best represented in
terms of species richness were frugivores and nectas.

Sampling effort was considered sufficient to prbpeharacterize phyllostomid
assemblages occurring in each sampling site. Caern@ss reaches 90% in all cases, ranging from
90 (i.e. P1, E2) to 96% (i.e. 12, 13). We foundenadence of spatial structure in our dataset.
Ecological and Euclidian distance matrices weresmgtificantly correlatedr(= -0.05,p = 0.59).

The species of seeds collected from bats fecdsstad in the appendix.4

3.2 Phyllostomid response to variation in habitttibutes

Results of the two statistical approaches usedeaonsulted in Appendix 2 (HPA approach) and
Appendix 3 (AIC approach), and explanatory varialiteat are most likely to causally influence
the response variables, as obtained through theasbof results from both statistical approaches
are shown in Table 2. In most cases results fraHBA and AIC approach were similar.
Nevertheless, in some cases, results obtaineddemin statistical approach were different. For

example, the percentage of RF and the mean aRk phtches, at the 1000 m scale, were
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selected by the AIC approach as part of the mastgible models explaining variation Gf
soricinaabundance (Appendix 3), whereas according to faA Bpproach (Appendix 2), these
variables were not associated with variatioofsoricinaabundance. Another example is that, at
the 500 m scale, variation v rotundusabundance was associated (significantly) with the
complexity of vegetation structure by the HPA agoto (Appendix 2), whereas the AIC approach
did not select this parameter among the variablpkmmingD. rotundusabundance variation
(Appendix 3).

We also observed that phyllostomid response tatran in habitat attributes was scale-
dependent, since variation in some explanatoryabéas was associated with variation in some
response variables at just one of the two analgzates (Table 2).These results were obtained at
both the population and assemblage-level.

3.2.1 Population-level

Species represented by 25 or more individualsu@ivores, 3 nectarivores and 1 sanguivore)
showed a mean number of captured individuals rgngom 0.14 Artibeus phaeotijsto 1.26 A.
jamaicensiy (Table 1).

Summarizing the results obtained through bothsstedl approaches, we found that
variation in abundance of the three nectarivorgesies was not robustly associated with the
variation of any explanatory variable at the twodbscales (Table 2). Nevertheless, abundance
tended to be negatively associated, at the twasgcwaldith variation in the mean area of DF
patches. We also identified a tendency for a pastissociation betwedh. soricinaabundance
and the diversity of land cover types (Table 2).tmother hand, whil&. soricinaonly
responded to changes in habitat attributes at@Berbfocal scald,eptonycteris yerbabuenae

only responded to such changes at the 1000 m focal scale
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Most of the variation in abundance of frugivor@pecies was positively associated with
variations in percentage of RF (all species) andpiexity of vegetation structuré\(jamaicensis
andA. phaeotiy We also detected, at the 1000 m focal scal¢ tthieamean area of DF patches
tended to be associated with the abundance offhaijlvores,A. jamaicensignegative
association) andrtibeus lituratus(positive association) (Table 2).

The abundance of the sanguivorous speBiesptundus was positively associated with
variations in the percentage of RF (at the 500ralfecale) and the mean area of RF patches (at
the 1000m focal scale) (Table 2).

3.2.2 Ensemble-level

Similar to the trends found at the population-letie¢ average number of nectarivorous
individuals captured during each sampling, tenaeoet negatively associated, at the two scales,
with variations in the mean area of DF patchesekjglanatory variable was associated with the
variation in the number of nectarivorous speciegied at 8 samples. Nevertheless, the variation
in the number of frugivorous species rarified aa@ples, was positively associated with
variations in the complexity of vegetation struetuin contrast, the abundance of frugivores was
tightly and positively associated with the percgetaf RF estimated at the two scales.

3.2.3 Assemblage-level

The NMDS ordinationgtress= 8.20 and correlation based on stré&&s: 0.99) is shown in Figure
2. Only two axes were considered because additsimensions did not substantially lower the
stress value. A successional gradient is repredehdeg axis 2. In general, phyllostomid
assemblages occurring in pastures tended to priegg@r scores and those occurring in late
stages tended to present lower scores. Axis latigdhow a clear gradient.

The gradient of vegetation structure complexitynd@along the successional gradient of

PCA axis 1(Appendix 1) significantly explains aeth00 m scale, assemblage dissimilarities
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represented by NMDS axis 2 (Fig. 2, Table 2). fayiain assemblage species composition
represented by NMDS axis 2, also was negativelgcated, at the two scales, with the
percentage of RF (Table 2). None of the considergthnatory variables were associated with
variation represented by NMDS axis 1.

Phyllostomid abundance was also significantly assed with the percentage of RF (at the
500 m scale) and with the mean area of RF pat®@explanatory variables were associated with

the variation in the number of phyllostomid specedied at 8 samples.

4. Discussion

4.1 Bat response at population and ensemble-level

As expected, we found a guild-specific responsehtnges in local and landscape habitat
attributes. At both the population and ensemblellevectarivore abundance tended to be
negatively associated with the mean area of DFeatavhile its species density was not
associated with any of the considered explanatariables. Frugivore abundance was tightly and
positively associated with the percentage of RHenits species density and some species
abundances were explained by the variation in ggetation structural complexity. Similar to
frugivores, the abundance of the unique sanguisspecies present in the region was positively
associated with the amount of RF. Similar resgtsld-specific bat response) have been found by
Klingbeil and Willig (2009) in Amazonian rainforesthere frugivore abundance responded more
to changes in landscape composition than to chandasdscape configuration, while gleaning
animalivorous bats responded more to changes dstape configuration. The guild-specific
response of bats to variation in habitat attribugdeely due to the contrasting ecological

requirements among bats of different ensembles.
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The lack of relationship between nectarivore sgdensity and the considered habitat
attributes probably occurs because three of theerfectarivores reported in this study are
ubiquitous. These specigs.(soricing G. commissarisandL. yerbabuenaewere present in most
of the sampling sites and successional stagestiatexception of pastures, where only 3
individuals ofG. soricinawere captured (Avila-Cabadilla et al. 2009). Oa tither hand, the two
species most susceptible to variation in habitabates C. godmanandM. harrisoni), were
strictly associated with the less disturbed aréadq-Cabadilla et al. 2009), being scarcely
represented (one individual) in two of the thrdessrepresenting the late successional stage (Table
2 on Avila-Cabadilla et al. 2009 ).

The negative association between nectarivore almoedat the population and ensemble-
level, and the mean area of DF patches, couldthbwgtble to the fact that the three most
abundant nectarivore§( soricing G. commissarisandL. yerbabuengeare not dependent on
large DF patches. All three nectarivorous speciesiioat an elevated abundance in the early
successional stage, characterized by the presésbeulbs and some non-native grasses (Avila-
Cabadilla et al. 2009). In faddcacia farnesianandCordia alliodora highly abundant trees in
secondary vegetation (i.e. early stage, P. Balaetal. unpublished data), have been previously
reported as chiropterophilic species (Alvarez antzalez-Quintero 1970, Alvarez and Sanchez-
Casa 1997, Tellez and Ortega 1999pssophaga soricinds. commissarisandL. yerbabuenae
are well adapted to inhabit regions where vegetdias a simple structure, mostly dry areas (Arita
and Santos del Prado 1999) like deserts, arid lgreds scrublands, oak forests and lowland
tropical and subtropical dry forests (Alvarez et1#91, Arita 1991, Cole & Wilson 2006, Webster
and Jones 1993). Moreover, they are well adaptedptoit trophic resources (i.e. plants of the
family Cactaceae and Asparageceae: gégayve available in these areas (Geiselman et al. 2002

onward, Valiente-Banuet et al. 1996). Neverthelgssur study area, the abundance of these
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species suffered a drastic reduction in pasturberevnon-native grasses predominate (Avila-
Cabadilla et al. 2009) affecting the reproductivecgss of remnant chiropterophilic trees
(Quesada et al. 2003).

In the case of. yerbabuenaeyhich can fly up to 5 h and cover distances ofaf®0 km
per night, thdong commuting flights are a basic component ofataging ecology (Horner et al.
1998). This high commuting capacity allows it t@igatravel and exploit resources available in
the anthropogenic landscape. This migratory spg€eskrum 1991), whose diet consist mainly
of nectar and pollen and occasionally is supplestnith fruit (Cole and Wilson 2006), reaches
its peak of abundance and reproductive activitheregion during the peak of flower resources
(Stoner et al. 2003).

In contrast td_. yerbabueanae&slossophaga&pp. have relatively small home ranges and
they do not cover much distance during foragingtbgluemke 1984, Medinat al 2007).
Moreover,Glossophagapp. is a generalist nectarivore with a high jptéagtin terms of dietary
behavior, complementing their nectar and pollenwith fruit and insects. FdB. soricina
Herrera et al. (2001) found that most of the yaaClhamela, insects are more important as a
source of protein (51-75% of proteins) than plaBt#th species are able to roost in a variety of
places including: caves, trees, rock crevices,maad-made structures such as mines and
abandoned buildings (Alvarez et al. 1991, Heithetusl. 1975, Rodrigues et al 2007, Webster and
Jones 1993). The high ecological plasticity of éhgo species allows them to exploit a variety of
habitats in the disturbed landscape. This capglapipears to be higher . soricing the unique
species positively responding to an increase iardity of land cover types (Table 2).

In fact, a trend has been identified in nectarigoresponse to habitat disturbance in
Neotropical moist and rain forest—when they pregemieralist feeding and habitat preferences

and feed primarily on early-successional chiropterous species (i.€ecropia, Piper, Solanum
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and chiropterophilic plants associated with modifabitats (i.eParkia pendulaabundant in
cabrucas sitedlanilkara zapotaabundant in cocoa plantations) (Estrada et al 4998ria and
Baumgarten 2007), they appear to be unaffectedlobie greater abundances in disturbed

habitats (i.e. areas subject to selective logdmagana, cacao and coffee agroforestry, cornfields,
forest gaps, forest edges and secondary veget#tian)n undisturbed sites (Castro-Arellano et al.
2007, Castro-Luna et al. 2007, Clarke et al. 20@5bsset et al. 1996, Estrada et al. 1993a, Fenton
et al. 1992, Harvey and Gonzalez 2007, Mancin& @087, Medellin et al. 2000, Meyer and

Kalko 2008, Peters et al. 2006). This is the casadveral species includii® soricina, G.
commissarisiLonchophylla robustavionophyllus redmarandPhyllonycteris poeyi.

In contrast to the nectarivores’ response, theifargus species” density, as well as the
abundance of some frugivorous basj@émaicensisandA. phaeoti$ increased toward the more
advanced successional stages, which present thestigtructural complexity of vegetation
(Appendix 1, Table 2). These positive associatiarsbe explained by an increase in the diversity
and amount of resources (i.e. food and sheltea)@ssequence of the increase in the complexity
of vegetation structure. Indeed, in pastures, itles svith the simplest vegetation structure, only
three species of frugivores occurrédd famaicensisA. watsoni andA. lituratug while in late
successional stages, 8 species occurred, threerof €Carollia sp, Centurio seneand
Chiroderma salviniexclusively found in mature forest (Avila-Cabdaliét al. 2009). Many of the
frugivorous species we found are flexible in threwsting requirements using foliage, hollow
trees, tunnels, caves and abandoned buildingsgAdres et al. 2004, Ceballos and Miranda
2000, Fenton et al. 2000, Ortiz-Ramirez et al. 2086wever, in the study region, almost all bat
species depend, to a large extent, on roosts fexcldsively in vegetation. This is probably due to
the few caves and tunnels found in the area— yustsea caves, one on Don Panchito Island, and

the other in Piratas Beach. Nevertheless, the cau2on Panchito Island is mainly usedlby
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yerbabuenagwhich occupies almost the entire cave duringnigsing period (October to January);
only a few moormopid species suchRasronotus parnelliiP. davyj P. personatuand

Mormoops megalophyllean sometimes be found in the cave at this tinené et al. 2003).
Moreover, in the Neotropics the loss of trees dugréizing and agricultural practices can
negatively influence frugivorous bat abundance filgcéing their ability to locate suitable roosting
sites, as they preferentially roost in hollow trémsnd in mature forest or in advanced
successional stages (Fleming 1988, Evelyn andst0€3, Ortiz-Ramirez et al. 2006).

Only one study (Vargas et al. 2009) directly eveddahe relationship between vegetation
complexity and the diversity and abundance of ghtemchorous plants in the Neotropics. In this
study, the authors found that the most complextatdid not harbor the greatest diversity, fruit
mass and fruit density of chiropterochorous pladtsvever, this study was performed in a
moister environment (Calakmul, Mexico) and compatéi@rent types of forest (i.e. tropical
subhumid and semi-deciduos forest). In our caserakof the chiropterochoric resources most
important for frugivorous bats in the region (Apgend) belong to the Cactaceae and Moraceae
families, which mainly occur in the more advancedcgssional stages (P. Balvanera et al.
unpublished data) while the early successionaktsrehow the simplest vegetation structure and
are dominated by anemochorous and autochorousspldmith do not constitute food resources for
frugivorous bats (Vieira and Scariot 2006). Thistcasts with the patterns found in tropical
humid and rain forest, where chiropterochorous igigesuch a€ecropiaspp.,Piperspp.,
Solanunspp., and/ismiaspp., are dominant in the early stages of sucae¢Bimsset et al. 1996,
Fleming 1988).

Several studies sho. jamaicensigo be one of the most abundant species in
phyllostomid bat assemblages whiiephaeotigepresents an intermediate level of abundance

(Castro-Luna et al 2007, Mancina et al. 2007, Mé@det al. 2000, Meyer and Kalko 2008). These
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species are both conspicuous in modified landscapdsey occur in a diverse array of habitat
types. In moist and rain forests, Castro-Luna .ef28l07), Mancina et al. (2007) and Medellin et
al. (2000) captured more specimengofamaicensisn habitats or successional stages exhibiting
the highest vegetation complexity. In contrast,ilsimumbers of é\. phaeotisvere captured in
habitats differing in vegetation structure, sugmesho response of this species to changes in this
vegetation attribute (Castro-Luna et al. 2007, Miédet al. 2000). In our case, the positive
association betweeh. jamaicens andA. phaeotiabundance and the degree of complexity of dry
forest vegetation structure can be explained byeatgr availability of chiropterochoreous fruits in
sites with higher complexity. This, in additionttee potential greater availability of roosts inlsuc
sites, is the most likely explanation for this fésu

Among the seeds best represented in the fecegslokpecies collected during the census
period, we foundricus cotinifolig a species mostly associated with more advancdd TD
successional stages (P. Balvanera, et al. unpeblidata). Almost all of the other seeds found (for
A. jamaicensisFicus obtusifoliafor A. phaeotisPiper arboretumfor both speciedr. pertusa
andF. insipidg, correspond to species of RF (see Appendix 4ichlnwhossibly explains the
positive association detected between the abundzribese bat species and the percentage of RF
(Table 2).Artibeus jamaicensim particular, shows a high trophic plasticityiasomplements its
diet with others sources of food like nectar, polend insects (Ortega and Castro-Arellano 2001).
This, added to its high capability of covering lasigtances in a single night (8 + 2 km, Morrison
1978), could allow this species to exploit resograeailable in areas with an intermediate level of
disturbance (early and intermediate stages). Ttaese could also explain the negative association
found, at the 1000 m scale, betweerjamaicensigbundance and the mean area of DF patches.

Only a few individuals of this species were capdurepastures (Avila-Cabadilla et al. 2009).
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The abundance of the other frugivore analyZedifuratug, as well as the overall
abundance of frugivorous bats, also was positiketed to the percentage of RF. This strong
association likely occurs because most of the @paties used by frugivorous bats in the region
occur almost exclusively in RF (Fig. 3B, Appendjx Tthis is the case for Moraceae (4 species)
and Piperaceae (2 species), which are preferrsplecévely, by the two most specious genera,
ArtibeusandCarollia (based on data collected from feces in our studlyfeom Lobova et al.
2009). Although several chiropterochorous Cactaceaar in the dry forest, we did not find
cactus seeds in any of our fecal samples, suggdstat Cactaceae are not among the most
important species used by frugivorous bats indhes.

Artibeus lituratuss a large canopy frugivore able to forage in opgaces of the upper
canopy while utilizing creek corridors and tred gaps (Lobova et al. 2009). It is tightly
associated with pristine forest and humid enviromisiealthough it has been reported in dry areas,
including the Brazilean Caatinga, as well as inlsarban areas (Zortéa 2007). Despite the large
list of species (approximately 146 fruit speciesysumed by this bat, in addition to
supplementing its” diet with nectar, pollen anceits), in several regions this species appears to
be selective for the fruits it consumes (Lobovale2009). In our studyA. lituratuswas one of
the species occasionally found in pastures (onéyindividual was captured). Nevertheless, its
abundance is higher in areas showing the higheseptge of RF and the highest mean area of
DF patches (Table 2). This suggests a high assaciat this species with large continuous forest
and humid areas where their main food speciesoared{Ficus insipidaandF. pertusa;

Appendix 4). Several captured individualsfoflituratuswere previously identified a.
intermediugTable 2 on Avila-Cabadilla et al. 2009), but tassified asA. lituratusbased on

Redondo et al. (2008) and Hoofer et al. (2008).
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We found a marked difference between the nectagiaad frugivore ensembles in relation
to their response to variations in landscape coitipoal attributes regarding the two types of
vegetation cover. Variations in nectarivore abumeéaended to be associated with variation in
landscape attributes concerning DF while variatiofiugivore abundance was tightly associated
to variation in landscape attributes concerning R#ts guild-specific response could be a
consequence of the differences between dry andarp#orest in terms of the availability of
resources for both guilds (Fig. 3). Although drglaiparian forest host an equal number of
chiropterochorous plant families and species (8lfasy 12 species), the plants preferentially used
by most of the frugivorous species (Moraceae, Ripgae) are almost exclusively found in riparian
forest (Lobova et al. 2009). On the other hand,trabsopterophilic species (23 species from 9
families), as well as the chiropterochorous Ca@aapecies, occur in the dry forest, constituting
an important food resource for nectarivorous begeds from fecal samples, Stoner et al. 2003,
Lobova et al. 2009). Only 8 chiropterophilic spsciepresenting 6 plant families, occur in the
RF. Consequently, in the region, dry forest hostsenplant species that constitute resources for
nectarivores than riparian forest, while ripariarekt hosts the plant species principally consumed
by frugivores (Fig. 3). Similar tendencies werear@d in this same region, albeit comparing bat
assemblages occurring in only one dry and oneiapdorest. Chavez and Ceballos (2001) found
that nectarivores were best represented in théodegt vegetation, where two of the three
captured species (yerbabuenaegMl. harrisoni) were exclusively found. With respect to
frugivorous bats, two of the three most abundaatigs A. lituratus A. jamaicensisoccurred at
higher abundance in riparian forest, while the othegivorous speciesN phaeotiy was more
abundant in the dry forest.

The abundance of the sanguivorous guild represdiytéide unique specid. rotundus

was positively associated with the percentage ofdEhe 500 m scale) and the mean area of RF
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patches (at the 1000m scale). We propose threexaduasive explanations for this result. Fiil3t,
rotundususes the RF for roosting and/or as stepping stwhes searching for food in the
vegetation matrix where cattle occur. This mechamseviously was suggested by Estrada and
Coates-Estrada (2002) for explaining how this sggeases forested areas when searching for food
in pasture-dominated landscapes. Moreover, acaptdibord (1988) and Taddei et al. (1991)
riparian areas present higher abundancé& obtundusbecause of the higher roost availability in
this habitat. According to Novaes et al. (2010, ftequency of vampires feeding on cattle is best
explained by distance to forest fragments, beigddri in areas closer to fragments.

A second possible explanation for the positive assion between vampires and RF may
be because there is a higher availability of thgsavores native food sources (mammals) in these
habitats. Riparian forests contain important resesifor the maintenance and connectivity of the
home ranges of medium and large-sized mammals @éii&. 2000, Sanchez-Azofeifa et al.
2009, Saunders et al. 1991, Valenzuela and Celi20l@8). Moreover, some mammal species
concentrate their activities in RF during the degson when most resources are limited in the
region (Sanchez-Azofeifa et al. 2009).

Finally, the last explanation may come from the that in the Chamela-Cuixmala region
RF also hosts a higher source of non-native fooddaguivorous bats (i.e. cattle, personal
observation). Riparian forestensuhe present study, occurs on the alluvial terratesg the
channels of ephemeral and permanent streams. As #neas constitute the most important source
of water for cattle in the dry forest mosaic of g&gion, farmers concentrate cattle in these areas;
this concentration reaches a maximum during thesdagon (Pers. Obs). Novaes et al. (2010)
found that bat attacks on cattle were more fregireateas with higher cattle density as cattle

constitute an important attractant for sanguivores.
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In generalD. rotundis is well adapted to habitat modifications (Bonasodl979, Lord
1988) because of its plasticity in selecting pldoesoosting (i.e. hollow trees, caves, tunnels,
abandoned mines and human buildings) and becatnsduced domestic mammals (i.e. bovine
and equine) constitute a great source of food ([Beband Miranda 2000, Greenhall et al. 1983,
Oliveira et al. 2009). For this reason, this spebtias been considered as a good indicator of
habitat disturbance, being abundant in modifiegssiMedellin et al. 2000). NevertheleBs,
rotundusbehavior in a tropical moist forest chronosequeeghibited no pattern with respect to

the degree of succession (Castro-Luna et al. 2007).

4.2 Bat response at assemblage-level

As expected, a portion of the variation among msgmid bat assemblages, in terms of species
composition and structure (NMDS axis 2, Fig. 2)swightly associated with variations in
vegetation structural complexity and riparian vagjeh cover. Phyllostomid abundance was
significantly associated with the percentage of(&F00 m scale) and with the mean area of RF
patches (at 1000 m scale). These results intetiratesults obtained at the species and ensemble-
level.

The association between the variation in assemldpgeies composition and structure, and
the variation in vegetation structural complexigstseveral potential explanations. First, a group
of species may be found exclusively in sites wittetermined vegetation structure. This is the
case for rare species (represented by one indiNidnd some species with an intermediate level
of abundanceMicronycteris microtisMusonycteris harrisoniChoeroniscus godmani, Carollia
sp.,Centurio senexChiroderma salvini, which are strictly associated with late sucaassi
stages (Table 2 and Fig. 2 on Avila-Cabadilla e2@09). In factM. microtis M. harrisoni C.

godmani and C. sen&lready have been identified as forest dwellingcggs (Alvarez and

159



Sanchez-Casas 1997, Estrada et al. 1993a, Ferabn 802, Schulze et al. 2000, Stoner et al.
2002). Another explanation may be that variatiosamhe species abundance is tightly associated
with variation in vegetation structure. This is ttese for some of the most abundant frugivorous
species, which in spite of the fact that they arenfl in a variety of sites with different vegetatio
structure, their abundance varies greatly amonggth&s discussed above, these responses could
follow variations in availability of roosting sitesd/or food for the species sensitive to these
changes.

The positive association between the variatiotn@éamount of RF and the variation in
assemblage species composition and structure beuhdainly a consequence of the frugivore
response, as they constitute the best represemsednble in terms of species richness and number
of captured individuals. The abundance of the thmest common frugivores as well as the
abundance of all frugivores, tends to increase tdsvaites with greater RF, possibly because of

the previously discussed increase in food avaitgbi these habitats.

4.3 Importance of considering different scales atadistical approximations

In accordance with previous studies (Gorrensen &i§\2004, Gorrensen et al. 2005, Klingbeil
and Willig 2009, Meyer and Kalko 2008), our ressit®wed that bat responses to habitat
modification are scale-dependent. Such dependercbe due to the species-specific degree of
mobility, habitat requirements and life-history chateristics (Klingbeil and Willig 2009). These
results indicate that the spatial scale must bertakto account when determining habitat
attributes whose variation defines bat responsetransformed landscape. A single scale
approach may be inadequate for understanding bpbmnse to habitat modifications. Thus,
ecological models used as a baseline for bat ceatsen must consider a multi-spatial scale

approach when modeling associations between babmess and variations in landscape
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attributes. As most of the studies evaluating bgponse to habitat modification have been
performed at a single landscape scale (Meyer atkbK#08), this suggested approach should be
taken into account.

Larger scales than the ones considered in our stedy found to be relevant for
phyllostomids in other studies (Gorrensen & WiRig04, Gorrensen et al. 2005, Klingbeil and
Willig 2009, Meyer and Kalko 2008). In some of thdarger scales showed a greater number of
bat responses to landscape characteristics thdlesstales. In our study, restrictions on the
availability of sampling sites with the requirechditions precluded the consideration of larger
spatial scales in the analysis. Nevertheless, atdre 500 m scale, variations in landscape
attributes were associated with variations in grstbmid abundance. This may result from the
prevalence of small-sized bats in the analyzednalslsges.

The two statistical approaches we employed have bsed recently for identifying habitat
attributes whose variation may explain bat respoas@bitat modifications (Klingbeil and Willig
2009, Meyer and Kalko 2008). Analysis applying batiproaches to the same dataset can, on
certain occasions, result in different outcomesdr{dbe present study). Therefore, it is necessary
to compare outcomes resulting from different stiaa approximations in order to identify the

most relevant associations among bat responsegaaiation in habitat attributes.

4.4 Implications for phyllostomid bat conservation

In accordance with some previous studies (Brogsat 8996, Cosson et al 1999a, b, Fenton et al.
1992, Gorrensen and Willig 2004, Klingbeil and \igilR009, Medellin et al. 2000), our results
reflect phyllostomid bat sensitivity to habitat$osr modification, in the form of species and guild

specific responses to variation in habitat attelsuat both local and landscape scales. Specifically
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bat response to habitat modification was largetgmheined by variation in local (vegetation) and
landscape attributes.

In TDF, large expanses of continuous mature fdrage been substituted by a mosaic of
fragments representing different successional stgggesture lands and agricultural fields (Quesada
and Stoner 2004, Sanchez-Azofeifa et al. 2005).I0ihg-term successful conservation of
phyllostomids under this scenario can only be agdef TDF management plans incorporate a
landscape perspective adopting the vision thateroation of context is as important as
conservation of content. Furthermore, appropriateigs must be implemented to eliminate
unsustainable land use practices guaranteeing éiv@enance of most of the original biodiversity.

In order to preserve phyllostomid bat assemblagddlae ecosystem services they provide,
we suggest the following actions and policies niigsénforced:

1. Land-use policies must focus on the maintenahtarge areas of mature forest. The loss or
significant reduction of TDF can provoke a decraagbe abundance or even the local extinction
of some phyllostomids. The most affected specididwithe rare ones, the most tightly associated
to well preserved forest due to their specializatrodiet and habitat (Avila-Cabadilla et al. 2009)
The presence of preserved forest in the regionfawlbr the conservation not only of the rare
species, but also of the abundant ones as thewfitiis forest an important source of resources.
2. The conservation and restoration of RF mustrlmgifized in dry forest landscapes. RF is
scarcely represented (only 3.7% of land cover)lzrdly protected (only 2.0% is inside the
Reserve) in the study region (Sanchez-Azofeifd.@G9). This habitat and its surrounding areas
have been extensively affected by agricultural @attle production as they represent the main
source of water and fertile soils (Maass et al52@anchez-Azofeifa et al. 2009). Bat abundance
at the species, ensemble and assemblage-levadgasively affected by reductions in the amount

of RF as this habitat represents an important soofrtrophic resources for a great percentage of
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phyllostomids inhabiting the region, especially floe frugivores (Fig. 3). The amount of RF can
be even more critical for bat assemblages duriedltly season, when availability of food is
limited in TDF and most resources are concentretdF (Sanchez-Azofeifa et al. 2009);
however, more studies evaluating this pattern aegled. In addition, RF can play an important
role in the maintenance and connectivity of batshé ranges functioning as a vegetation corridor
across the agricultural landscape, providing playsionnectivity among isolated forests or acting
as stepping stones (Estrada and Coates-Estrada@dina et al. 2007).

3. Land-use policies must focus on the reductiahsnft of cattle raising, an environmentally
destructive and inefficient practice in TDF (Mad895, Maass et al. 2005, Quesada and Stoner
2004) to alternative sources of economic gainsll®tgmid bat assemblages occurring in
pastures are depauperate in comparison to theomeasring in more advanced successional
stages. This indicates that a pasture-dominatetstape would cause a strong reduction in
phyllostomid diversity. Although small scale habitansformation may not preclude the free
movement of bats across the vegetation matrixelasgensions of open areas can negatively
affect their movement (Bernard & Fenton 2003, Goxcét al. 1993, Klingbeil & Willig 2009).
Thus, the threshold of minimum pasture size allgwats to cross must be determined in order to
contribute to designing “fauna-friendly” agriculalilandscapes.

4. Policies must also consider the inclusion obsdary vegetation (Rendén-Carmona et al. 2009)
in conservation areas/programs as suggested bjRdtede Areas Ejidales Protegidas” proposed
by Sanchez-Azofeifa et al. (2009). A great poriwdthe phyllostomids in the study region occurs,
and presumably exploit available resources in aséascondary vegetation. In fact some species
of nectarivores show a higher abundance in secgnegetation compared to mature forest.
Consequently, secondary vegetation must be comsider an important habitat for preserving bat

diversity. Other studies have reported high batigserichness in moderately disturbed areas (i.e.
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Bernard and Fenton 2002, 2003; Estrada et al.,dB9&orrensen and Willig 2004; Klingbeil and

Willig 2009, Willig et al. 2007).

4.5 Study’s relevance

This is the first study evaluating, at a landsdapel, how variation in habitat attributes
determines the occurrence of bats in a Neotropligaforest landscape. Our study is also one of
the few that compares local vs landscape levebmapce of habitat attributes in determining bat
occurrence (Meyer & Kalko 2008) in different TDFcsessional stages (Castro-Luna et al. 2007).
This approach is extremely important as the predange of different successional stages is a
recurrent feature of current Neotropical landscapeslly, our study shows how simplistic
approximations, where fragments mostly represertdivgtype of vegetation cover are considered
as imbibed in a neutral matrix (real or not), widit allow us to understand the complex processes

and mechanisms involved in the dynamics of biolalgtommunities and populations.
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TABLES

Table 1. Summary statistics (mean, standard deviation, ange) of phyllostomid species
abundance (average number of individuals captusel might at each sampling site) and
parameters at the ensemble and assemblage-leVgteshas response variables. Only taxa in bold
were analyzed at the population level. n: numbesanfipling sites. SD: standard deviation.
Ensemble (GI: gleaning insectivores, N: nectarigqre: frugivores and S: sanguivores).
Parameters at ensemble levefN§ and $(F) —number of nectarivorous (N) and frugivorou¥ (F
species rarified at 8 samples, Ab(N) and Ab(F) +aye number of nectarivorous and frugivorous
individuals captured each night at each sampliteg Biarameters at assemblage level: &0

SG, -scores of the first and second NMDS axis, reiftigcsampling site dissimilarities according
to the species composition of the phyllostomid addage, 9(P) —number of phyllostomid (P)
species rarified at 8 samples, and Ab(P) —averag®ar of phyllostomid individuals captured

each night at each sampling site.

Ensemble n Mean SD Range

Population-level

Micronycteri microtis Gl 12 0.00 0.02 0-0.06
Glossophaga soricina N 12 0.62 0.68 0-2.00
Glossophaga commissariss N 12 0.17 0.32 0-1.14
Leptonycteris yerbabuenae N 12 0.20 0.37 0-1.07
Choeroniscus godmani N 12 0.00 0.02 0-0.06
Musonycteris harrisoni N 12 0.01 0.02 0-0.06
Carollia sp. F 12 0.03 0.11 0-0.39
Artibeusjamaicensis F 12 1.26 1.72 0-6.22
Artibeus watsoni F 12 0.09 0.14 0-0.47
Artibeus phaeotis F 12 0.14 0.23 0-0.72
Artibeus lituratus F 12 0.24 0.36 0-1.28
Sturnira lilium F 12 0.07 0.12 0-0.29
Centurio senex F 12 0.01 0.03 0-0.11
Chiroderma salvini F 12 0.01 0.03 0-0.11
Desmodus rotundus S 12 0.60 1.08 0-3.78
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Table 1. continued

Ensemble n Mean SD Range

Ensemble-level

S(N) N 11 1.65 1.06 0-2.98

Ab(N) N 12 1.00 1.29 0-4.21

S(F) F 11 265  1.18 1-5.14

Ab(F) F 12 252 3.15 0.38-14.22
Assemblage-level

SG 12 0 0.50 -0.99-0.58

SG 12 0 0.55 -0.75-1.17

S(P) 11 4.61  1.97 1.00-8.04
Ab(P) 12 3.46 3.89 0.38-14.22

185



Table 2. Summary of robust relationships and tendenciessd@ation between response and
explanatory variables, as obtained from compar@sglts of both statistical approaches (HPA and
AIC). Response variables at population level: ggabundance; at ensemble and assemblage

levels variables are as in Table 1. Explanatoriabées are as in Table 2.

Type of relationships among

variables
Responsevariable Scale Robust Tendency
Population level
Nectarivore
G. soricina 500 DFred-); Div
G. commissarisi 500 DFRred-)
1000 DFired-)
L. yerbabuenae 1000 DEred-)
Frugivore
A. jamaicensis 500 Vstruct RFy
1000 DFred-)
A. phaeotis 500 Vstruck RFoe
1000 Rl
A. lituratus 500 Rk,
1000 DFErea RFo
Sanguivore
D. rotundus 500 Rk
1000 RbErea
Ensemble-level
Nectarivore
Ab(N) 500 Dfred-)
1000 Dhred-)
Frugivore
S(F) 500 Vtruct
1000 Mitruct
Ab(F) 500 R,
1000 Ry,
Assemblage-level
SC2 500 Vstruc('); RF%(')
1000 REx(-)
Ab(P) 500 Rz,
1000 RFrea
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FIGURES

Figure 1. Classified image of the study region showing thelt sampling sites and the
concentric circles of 500 and 1000 m radius detohiiround each site for estimating the
landscape attributes. Sampling sites E1, 13 and/iére not considered in the analysis at the 1000
m scale in order to avoid a high degree of ovewdp the analyzed areas of adjacent sites. The
dark lines represent the limits of the Chamela-@uaba Biosphere Reserve. Only land cover types
considered in the analyses are represented. Liglgtrgpresents intermediate and late stages of
dry forest (DF) and dark gray represents the rgmaforest (RF). Successional stages (P: pastures,

E: early, I: intermediate and L: late).

Figure 2. NMDS ordination of sampling sites representingeti#éht successional stages, based on
the identity and abundance of phyllostomid speccesirring in these sites. The matrix used in the
analysis was built using the Bray-Curtis index (Magn 2004). Successional stages (P: pastures,

E: early, I: intermediate and L: late). NMDS 1 ghdaxis 1 and 2 of the ordination.

Figure 3. Number of chiropterophilic (A) and chiropterochofi®) species present in the dry and

riparian forest (white and black bars respectivelyihe Chamela region. The entire species’

checklist and detailed information on how it was@@ated appear in Appendix 4.
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Figure 1.
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Figure 2.
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Figure 3.
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APPENDIXES

Appendix 1. Ordination of sampling sites representing differmntcessional stages based on the
structural attributes of their woody plant asseméta Axis 1 (PCA1L) represents 83% of the total
variation in the dataset, while axis 2 represeff®.1Successional stages (P: pasture, E: early, I

intermediate and L: late).

Appendix 2. Percentage of variation of response variables cagsa with the variation of each of
the explanatory variables at the focal scales 6f&td 1000 m. Explanatory variables akg,M
sampling site scores of PCA axis 1 reflecting tegetation structure complexity of each site,
DFy.: percentage of dry forest cover, 2E mean area of dry forest patchesyfRpercentage of
riparian forest cover, Rks mean area of riparian forest patches, and DwpSon’s diversity
index of land covers types. Sample size is shown.8ignificant relationships according to the

randomization test appear in bold. Negative reteliiips among variables are shown in

parenthesesk, is the fraction of the total deviance explainedaayodel considering all
explanatory variables when the Poisson error 8istion was used anB® when the normal error

distribution was used. Response variables at tpalption level: species abundance; at the

ensemble and assemblage levels variables areTablea 1.

Appendix 3. Confidence set of plausible models (95%) explaitivgvariation in response
variables at the 500 and 1000 m focal scesuumber of estimated parametedogLik: log-
likelihood, AIC.: sample-size adjusted Akaike information criteridn Akaike differences ana:
Akaike weights. Response variables at the populdéeel: species abundance; at ensemble and

assemblage levels variables are as in Table 1aBafiry variables are as in Table 2.
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Appendix 4. Family and species of chiropterophilic and chiespthoric plants occurring in the
dry and riparian forest (DF and RF respectivelyth@ region of the Chamela-Cuixmala Biosphere
Reserve, Jalisco, Mexico. The information was gateer using the Neotropical bat/plant
interactions database (Geiselman et al. 2002 onwati the vascular plant checklist of Lott
(2002). Only records at the species level weraunhetl in our list. We also considered the seeds
collected and identified during our bat sampling® fecal samples from which 63 presented
seeds), as well as information 8enocereus chrysocarpus, S. fricci and S. standleyi gathered

from Rojas-Martinez et al. (1999). Plant familieidw the angiosperm phylogeny group
classification (APG IIl 2009). Plant species nammasespond to the nomenclature of

Tropicos.org. Missouri Botanical Garden. 01 Apr @@ttp://www.tropicos.orgl
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Appendix 2.

Explanatory variable

Responsevariable Scale n Rdzev Vruct DFq, DFaea RFq, RFaea Div
Population-level
Nectarivores
G. soricina 500 12 0.17 7.34() 8.79 40.65 (-) 7.94 5.19 30.09
1000 9 0.70 4.75 6.97 35.09 () 10.11 30.23 12.85
G. commissariss 500 12 050 15.19() 2.80 49.79 (-) 11.18 6.45 594,
1000 9 1.00 16.23 12.81(-) 48.40() 6.28() 779 8.30
L. yerbabuenae 500 12 0.10 5.73() 34.23 9.82(-) 455() 147 (4450
1000 9 1.00 2.03 156 () 11.23() 2.37 4.36 314
Frugivores
A. jamaicensis 500 12 0.86 36.70 1458 (-) 6.74 28.08 243 (-) 11.47(-)
1000 9 1.00 20.24 13.64 () 20.58 (-) 9.42 17.86 .268%)
A. phaeotis 500 12 0.79 29.67 11.98 5.03 25.76 2.72 24.84
1000 9 1.00 17.37 8.85(-) 18.94(-) 23.35 16:17 (5.32 (-)
A. lituratus 500 12 0.84 32.89 7.08(-) 3.43 36.96 15.61 4.03 (-)
1000 9 1.00 17.61 489 () 28.81 24.00 15.80 (-p0&-)
Sangivorous
D. rotundus 500 12 0.88 41.28 3.85() 3.31() 4473 3.31() 3.52()
1000 9 1.00 18.93 7.62(-) 21.42(-) 13.73 23.87 4.43(-)
Ensemble-level
Nectarivores
S(N) 500 11 0.30 14.74(-) 2.72 43.14 () 5.33 3293 1.24
1000 8 0.94 14.43 12.74 (-) 20.18(-) 12.81 28.0111.83 (-)
Ab(N) 500 12 0.18 5.92(-) 9.47 4263 (-) 6.48 .0% 30.40
1000 9 0.74 6.54 7.18 46.85 (-) 9.05 18.41 11.97
Frugivores
S(F) 500 11 0.90 26.06 12.10 (-) 13.30(-) 24.43 17.43 6.69 (-)
1000 8 0.95 31.68 12.33(-) 18.66 (-) 12.58 15.08 9.67 (-)
Ab(F) 500 12 0.75 2341 230 () 2.47(-)54.44 14.74 2.64 (-)
1000 9 1.00 20.73 6.27 (-)  18.99 (-B9.89 779() 6.34()
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Appendix 2. continued

Explanatory variable

Assemblage-level

SG 500 12 026 5.02() 1553  3537() 3.74() 3648 3.87
1000 9 0.64 298() 9.52 18.22 () 7.31(-) 50.46 11.50
SG 500 12 0.81 37.47(-) 19.91  2.07(-) 3269() 2.83(-) 5.04
1000 9 094 28.80(-) 14.82  8.33 28.68 () 7.22 12.15
S(P) 500 11 0.60 28.65  12.21(-) 10.51() 36.18 785 3.84()
1000 8 098 21.09  1540() 16.05(-) 23.37  9.31 4.79()
Ab(P) 500 12 072 3066  5.99() 9.00(-) 38.48 4.30 11.57

1000 9 091 1825  9.02(-) 19.45(-) 16.70  20.16 6.42(-)
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Appendix 3.

Responsevariable Scale Modéd K logLik AIC, A Wi
Population-level
Nectarivore
G. soricina 500 DFea 2 -54.21 113.74 0.00 0.68
Div 2 -56.16  117.66 3.91 0.10
1000 Rk, 2 -40.40 86.81 0.00 0.38
RFarea 2 -40.78  87.55 0.74 0.26
G. commissarisi 500 DFrea 2 -26.78  58.90 0.00 0.72
1000 DFyea 2 -23.08  52.15 0.00 0.65
L. yerbabuenae 1000 DFRyea 2 -10.78  27.57 0.00 1.00
Frugivore
A. jamaicensis 500 R 2 -76.10 157.53 0.00 0.90
Vstruct 2 -78.30 16194 441 0.10
1000 DFyea 2 -38.58 83.16 0.00 0.99
A. phaeotis 500 Vstruct 2 -17.11  39.56 0.00 0.59
RFy, 2 -17.49 40.31 0.75 0.40
1000 Rk 2 -8.18 22.36 0.00 1.00
A lituratus 500 R 2 -21.78  48.90 0.00 0.95
1000 DFyea 2 -15.40 36.81 0.00 0.50
RFy, 2 -15.45 36.91 0.10 0.48
Sangivore
D. rotundus 500 R 2 -37.55 80.43 0.00 1.00
1000 RFrea 2 -18.31  42.62 0.00 0.91
Ensemble-level
Nectarivore
Ab(N) 500 DFrea 2 -91.95 189.24 0.00 0.95
1000 DFyea 2 -74.45 15490 0.00 0.46
RFy, 2 -74.70 155.40 0.50 0.36
Frugivore
S(F) 500  VWruct 3 -14.06  37.55 0.00 0.40
1000 VWruct 3 -7.14 26.29 0.00 0.80
Ab(F) 500 R 2 -19.29  43.91 0.00 1.00
1000 Rk, 2 -13.35 32.70 0.00 0.99
Assemblage-level
SG 500 R, 3 -5.97 17.93 0.00 0.51
Vstruct 3 -6.53 19.06 1.13 0.29
1000 Rk 3 -4.49 19.79 0.00 0.54
Ab(P) 500 Rk 2 -133.37 272.08 0.00 1.00
1000 RFrea 2 -104.52 215.03 0.00 0.99
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Appendix 4.

FAMILY
Species

Chiropterophilic

DF

RF

Chiropterochoric

DF

RF

Anacardiaceae

Soondias purpurea
Apocynaceae

Semmadenia donnell-smithii
Asparagaceae

Agave angustifolia

Agave colimana
Bignoniaceae

Crescentia alata

Cydista diversifolia
Boraginaceae

Cordia alliodora

Cordia gerascanthus
Bromeliaceae

Aechmea bracteata
Cactaceae

Pachycereus pecten-aboriginum

Senocereus chrysocar pus

Senocereusfricii*

Senocereus standleyi
Cappar aceae

Capparis flexuosa

Crataeva tapia
Convolvulaceae

Ipomoea ampullacea

I pomoea wol cottiana
Cucurbitaceae

Cucurbita argyrosperma
Fabaceae

Acacia farnesiana

Albizzia occidentalis

Bauhinia pauletia

Bauhinia ungulata

Calliandra formosa

Inga vera

Mucuna sloanei
M alvaceae

Ceiba aesculifolia

Ceiba grandiflora

Ceiba pentandra

Guazuma ulmifolia

Helicteres baruensis

Pseudobombax ellipticum

xX X XX XX XX X X

XX X X X X

X X

X

X

X X X
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Appendix 4. continued

Family Chiropterophilic  Chiropterochoric

Species DF RF DF RF

M or aceae
Brosimum alicastrum X X
Chlorophora tinctoria X
Ficus cotinifolia* X
Ficusinsipida*
Ficus obtusifolia*
Ficus pertusa*
Piperaceae
Piper arboreum* X
Piper hispidum
Sapindaceae
Sapindus saponaria
Sapotaceae
Pouteria campechiana
Solanaceae
Solanum erianthum X
Solanum hazenii X
Solanum diphyllum
Ulmaceae
Celtisiguanaea X
Trema micrantha X
Urticaceae
Urera caracasana X

X X XX XXX

X

* Seeds collected and identified from feces codlddrom bats captured during the present study.
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CarPiTuLO 5

Discusion general



DISCUSION GENERAL

Respuestas generales a la perturbacion/sucesion

En general, se conocen algunas tendencias sotagplaesta de los murciélagos neotrépicales a la
modificacion del habitat. Por ejemplo, las espeeas con habitos y dietas especializadas, como
los insectivoros de sustrato y carnivoros de |&aswitia Phyllostominae, estan mas estrechamente
asociadas al bosque maduro (Bernard y Fenton By68set et al 1996, Castro-Arellano et al.
2007, Castro-Luna et al. 2007, Clarke et al. 2005&¢enton et al. 1992, Kalko et al. 1999,
Medellin et al. 2000, Ochoa 2000, Peter et al. 200i6on et al. 1996). En el caso de los
frugivoros, éstos suelen mostrar mayor abundamciasepaisajes transformados que en los
bosques conservados, lo cual esta ligado a qumitedancia de plantas quiropterocéricas aumenta
en los paisajes transformados (Brosset et al. 10R#ke et al. 2005a, Faria 2006, Faria et al.
2006, Faria y Baumgarten 2007, Mancina et al. 2M&¢ellin et al. 2000, Ochoa 2000, Peters et
al. 2006, Reis et al. 2003, Wilson et al. 1996)aknente, las especies menos afectadas por la
modificacion del habitat son aquellas que se Bisyen en un rango geografico amplio, presentan
un ambito hogarefio también amplio, tienen tallandges, son generalistas y muestran una
abundancia natural alta (Cosson et al. 1999a,ttadiset al. 1993, Estrada y Coates-Estrada
2002, Montiel et al. 2006).

La respuesta de los filostomidos a la transfornmadil paisaje en el BTS, de acuerdo a
nuestros resultados, concuerda con solo algunastdse tendencias (reportadas mayormente para
bosques humedos y lluviosos), al tiempo que muegrtas particularidades. En el caso de la
Reserva de la Biésfera Chamela-Cuixmala (RBCCesecth, por ejemplo, una notable reduccion
en la riqueza y abundancia de filostomidos hadghstizales, mientras que la mayor riqueza de

especies fue detectada en el conjunto de sitiosguesentan el estadio mas avanzado de la
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sucesion (Capitulo 2). Fue también en estos sitiosle se presentaron, de forma exclusiva, un
gran porcentaje (67%) de las especies registradesRBCC, algunas de las cual€srfturio
senex, Chiroderma salvini, Micronycteris microtis, Musonycteris harrisoni) se consideran
asociadas a las areas mas conservadas (Fentodl @92 Estrada et al. 1993, Schulze et al. 2000,
Stoner et al. 2002). Un rasgo notable en la respuleslos filostomidos de esta region, fue el
aumento significativo en la abundancia de nectest/bacia los estadios iniciales de la sucesion,
lo cual se asoci6 con la gran abundancia de plapiiaspterofilicas en estos estadios (Capitulo 2),
asi como con la capacidad de los nectarivoros masdantes de forrajear en areas con poca
vegetacion (Capitulo 4). Contrario a lo reportadoapreas neotropicales mas humedas, los
frugivoros no se presentaron en mayor abundandeseireas perturbadas debido a que en los
estadios tempranos del BTS no abundan las plantespterocéricas, como generalmente ocurre
en los bosques humedos y lluviosos (Fleming 1988rl€s-Dominique 1986, Lobota et al. 2009).
En el BTS, los estadios tempranos estan dominastosgpecies anemocoéricas y autocoricas que
no constituyen un recurso alimentario para losfdmidos (Vieira y Scariot 2006, Capitulo 2).
Ahora bien, ademas de estas tendencias genemdasslltados de la RBCC (Capitulo 2)
evidenciaron una gran variacion entre los ensambldg filostdmidos que se presentan en los
diferentes estadios sucesionales del BTS. Estacién fue evidente no solo a nivel de ensamble
(principalmente en frugivoros y nectarivoros), dembién a nivel de ensamblaje, en parametros
como la abundancia total de individuos y la derssidla especies. En la mayoria de los casos, de
hecho, no se observaron diferencias significatrdse los estadios sucesionales debido a la gran
variacion que se presento, no solo entre los giti@srepresentaban diferentes estadios
sucesionales, sino también entre aquellos sitiegepresentaban un mismo estadio sucesional
(Capitulo 2, figuras 4 y 5). La comparaciéon de esésultados con aquellos obtenidos en los BTS

de Hato Pifieiro (HP), Venezuela y Parque Estadudlata Seca (PEMS), Brasil (Capitulo 3),
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muestra también un gran nivel de variacion endagmcia y abundancia de los filostémidos a lo
largo del gradiente sucesional, siendo ambos parasndiferentes entre especies, gremios
troficos, estaciones y, de forma general, entréréassregiones analizadas. De hecho, no se
encontraron, a nivel de ensamblaje, ensamble @pidinl, patrones concretos en la respuesta de
los filostdbmidos a la alteracion del habitat etdieetres regiones. Esta gran variacion indica la
importancia de examinar como distintos factores)@ta estacionalidad o los atributos del habitat
(tanto a nivel local como de paisaje), modulanr&sencia y abundancia de los filostomidos en el

BTS.

Estacionalidad

De manera general, los murciélagos del BTS enfnemi@ cados cambios estacionales en las
condiciones ambientales. gr. la estructura de la vegetacién) y en la dispdtidéd de alimento

(v. gr. tipo y abundancia). Esto debido a que los BTSgmtas patrones fenoldgicos y de
productividad primaria altamente estacionales (Bentc1994, Martinez-Yrizar et.d996,

Kalacska et al. 2005). Los cambios en la estruatara vegetacion, por ejemplo, pueden impactar
la actividad de varias especies neotropicales guespendientes del bosque, la mayoria de ellos
filostdbmidos que dependen de areas cerradas paagehr (Kalko et al. 1996, Cosson et al.
1999b). La estacionalidad en el régimen de prexaijiih afecta también la abundancia y
diversidad de insectos (Wolda 1978, Frith y Fri#83, Pescador-Rubio et al. 2002), por lo que los
murciélagos insectivoros pueden experimentar canbiportantes en la disponibilidad de
alimento entre estaciones. En el mismo sentidomaraada estacionalidad en los patrones de
floracion y fructificacidn, provocaria variacionestacionales importantes en la disponibilidad de
recursos para los murciélagos nectarivoros y fargs/(Frankie et al. 1974, Fleming 1988, Stoner

2005).
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En el caso de nuestros sitios de estudio, Fernadderandez (2008) y Pezzini (2008)
encontraron, para la RBCC y el PEMS respectivameifeyencias muy marcadas entre los
estadios sucesionales en relacion a la estaciadalicecuencia y duracion de la produccion de
hojas, flores y frutos. Asi, la composicion espeaiftle los ensamblajes de plantas y sus patrones
fenoldgicos particulares, podrian explicar lasa@iones estacionales de la presencia y abundancia
de los filostdmidos en los diferentes estadiossiooales del BTS.

Ahora bien, la naturaleza e intensidad de las vian&s estacionales que sufren los
ensamblajes en los diferentes estadios sucesiamale®ron consistentes entre las tres regiones
de estudio. Esto puede deberse, en parte, a tasmlifas entre las regiones en relacién al
promedio anual de precipitacion (HP = 1469 mm, PEM&E.8 mm, RBCC =763 mm) y a
atributos del paisaje como la presencia o auselec@ierpos de agua permanentes. En este
sentido, la significativa reduccion en riqueza yradancia de filostomidos, que se evidencio hacia
la época seca, en la mayoria de los sitios de negede la RBCC, esta probablemente relacionada
con la ausencia de cuerpos de agua permanentetagdrea. Las lagunas y rios presentes tanto en
HP como en el PEMS, por otra parte, explicariagy®®en estos sitios no se produjo una
reduccion tan dramatica en la riqgueza y abundaleeste grupo durante la época seca (Capitulo

3).

Los atributos del habitat

Las variaciones en los atributos del habitat tamaovel local ¢. gr. composicion floristica,
estructura de la vegetacion), como a nivel delgpai@. gr. porcentaje de cobertura de diferentes
tipos de vegetacion, area promedio y riqueza dpdoshes de vegetacion), definen de forma
significativa la presencia y abundancia de losftdmidos (Capitulo 4). En HP, por ejemplo, la

variacion en la abundancia de los insectivorosudeato y de algunos frugivoros estuvo
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relacionada con las variaciones en la complejidgaaietural de la vegetacion, mientras que la
mayor abundancia de frugivoros en el estadio inéstuvo relacionada a la abundancia de
especies quiropterocéricas en ese estadio (J. Ndssas no publicados). Por otra parte, en la
RBCC y el PEMS, los frugivoros no incrementan sunalancia hacia los estadios iniciales porque
estos estadios estan dominados por especies angrasgbautocoricas que no representan un
recurso tréfico para ellos (para CCBR: P. Balvan@rdbarra-Manriquez, A. Pérez-Jiménez y M.
Martinez-Ramos, datos no publicados; para PEMSVIMEspirito-Santo, datos no publicados).
Las diferencias en cuanto a la composicion espedilé los estadios iniciales entre las tres
regiones podrian, a su vez, estar relacionadasudiferencias en el promedio anual de
precipitacion.

A nivel de paisaje, las variaciones en la cobertiera vegetacion resultan también
determinantes. En la RBCC, por ejemplo, las variaes en la abundancia de frugivoros y
hemato6fagos estuvieron principalmente asociadasiaciones en el porcentaje de cobertura de la
vegetacion riparia, mientras que las variacionda @bundancia de nectarivoros estuvieron
principalmente asociadas a variaciones en el ptajgede cobertura del bosque seco. Esto estaria
explicado por el predominio de especies quirogtEioas en la vegetacion riparia, para el caso de
los frugivoros, y por el predominio de especiesapierofilicas en el bosque seco, para el caso de
los nectarivoros. En el caso de los hematofagasiagor abundancia hacia las areas con mayor
cobertura de vegetacion riparia obedeceria a feetmymo: 1) la concentracién, en estas areas, de
mamiferos autéctonos e introducidos, 2) el usoepeatial de refugios propios de este tipo de
vegetacion y 3) la utilidad de estas &reas comdores para desplazarse a través de la matriz de
vegetacion (Obs. per. Lord 1988, Taddei et al. 188(fiez et al. 2000, Valenzuela y Ceballos

2000, Sanchez-Azofeifa et al. 2009).
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Por todo lo anterior, se puede decir que existgran nivel de especificidad en la respuesta
de los murciélagos a la perturbacion del BTS. Esfeecificidad estaria definida, en gran medida,
por los requerimientos ecoldgicos de las especiexgnforman el pool regional de especies y por
atributos particulares del habitat tales comoag)dondiciones climaticas particulares de cada
region, 2) la composicion, estructura y patronesifiegicos de los ensamblajes de plantas
asociados a los diferentes estadios sucesion8gkoy atributos particulares del paisaje
(composicion y conformacién), mismos que estargterdhinados por la naturaleza de la

perturbacion que los transformé (origen, escatensidad y duracion).

El estudio de los paisajes tropicales transformados
Los paisajes tropicales actuales son altamengzdggineos, no solo por la naturaleza de los
sistemas tropicales en si, sino también por las #disas de transformacion a la que estan
expuestas como resultado de las actividades amgtopras (Primack et al. 2001b, Miles et al.
2006, FAO 2009). Una alta heterogeneidad supongtiecipio, dificultades en la blusqueda de
patrones y en la capacidad de generar modelosdiedmica de estos sistemas. Sin embargo, la
alta variacion inherente a estos paisajes debepbssiderada e incorporada a su estudigr(
disefios experimentales, técnicas estadisticagyasrde detectar respuestas cada vez mas
representativas de su realidad. En el caso deuosidlagos, por ejemplo, es sélo la consideraciéon
y estudio de varios factores a la vez (atributd$dbitat, estacionalidad, latitud, matriz de
vegetacion, etc.), lo que nos permitié vislumbmprecisamente patrones en su respuesta, sino
los factores que modulan estas respuestas y comamidaion de estos factores dirige la dinamica
del sistema.

La caracterizacion cuantitativa de los atributdshdéitat constituye un paso en este

sentido al representar, de manera mas precisatdeolgeneidad inherente al paisaje (Klingbeil y
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Willig 2009). Una caracterizacion meramente cutilisadel mismo, en contraparte,
“enmascararia” la variacion intra-categoria y neetiria la identidad de los factores que modulan
la respuesta estudiada. Es el caso de la grarcivarian complejidad estructural de la vegetacion
encontrada entre sitios de un mismo estadio sut@site no haber cuantificado esta complejidad
en los diferentes sitios de estudio, no hubiese Bidible detectar su efecto en los filostébmidas, y
gue éste efecto era independiente del estadio.

Por otra parte, el estudio de los factores que taoda respuesta de los animales a la
perturbacion, requiere, en muchos casos, de ursandlescala de paisaje que nos permita
vislumbrar como la composicién y configuracion aiesmo determinan la presencia y abundancia
de estos organismos. En el caso de organismositiles como los murciélagos, que pueden tener
una movilidad de hasta 10 km por noche (Morrisor8)9es probable que la escala a la que
realizamos la mayoria de los estudios sea muy fagquera determinar adecuadamente sus

patrones de presencia y abundancia.

La respuesta de los murciélagos en paisajes tramsfdos: recomendaciones
El comportamiento de los filostomidos en los pasajansformados del BTS indica claramente
gue las estrategias de conservacion de este grdpays servicios ecosistémicos en el BTS,
requieren de la consideracion tanto de la vegetaméservada como de la vegetacion secundaria,
ya que un gran porcentaje de estos murciélagos(asmpactan) ambos tipos de vegetacion.
Especial interés se le debe prestar a la vegetapiama, ya que ésta resulta determinante para la
conservacion de un gran numero de especies d&filados que habitan en el BTS.

Ahora bien, con base en los resultados obtenidestenestudio asi como en las
limitaciones detectadas en el transcurso del misogerimos que, en estudios posteriores, se

priorice: 1) la identificacion de los atributos ddbitat, tanto a nivel local como a nivel de paisa
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(a grandes escalas), que puedan estar determiteapdEsencia y abundancia de los murciélagos
en los diferentes parches de vegetacion, 2) laiag#ln de las fluctuaciones estacionales en la
disponibilidad de recursos y en las condicionesiantéles, ya que éstas modulan las respuestas
de los filostbmidos y 3) la ampliacién del rangoedeenarios estudiados (incorporacion de la
heterogeneidad), desde el estudio de un mayor midessitios por region, hasta la incorporacion
de diferentes regiones de estudio.

De manera general, la conjuncion de resultadosepientes de diferentes regiones con
diferentes ecosistemas, especies y regimenes tehaeion, facilitaria la identificacion de
patrones en la respuesta de los murciélagos arlsftrmacion del habitat y seria util en la
proyeccion de escenarios para un espectro masadgpaisajes antropogénicos. Debido a la
escasez de estudios abordando esta problemated@i$, esto alin no es posible para este
ecosistema, pero dada la atencion creciente goia gertido sobre él en los Ultimos afios,
confiamos en que la comunidad cientifica tome @naia plena de la urgencia de conocer, tanto
la respuesta de su biota a la perturbacion, conaingumica sucesional y de regeneracién natural.
Sobre todo, exhortamos a la comunidad cientifigareerar acciones de manejo y conservacion

que contrarresten los efectos de la transformaamidmuestros paisajes tropicales.

206



BIBLIOGRAFIA GENERAL

Aguirre, L.F., Lens, L., van Damme, R., MatthysEn,2003. Consistency and variation in the bat
assemblages inhabiting two forest islands withineatropical savanna in Bolivia. Journal of
Tropical Ecology 19, 367-374.

Avila-Cabadilla, L.D, Stoner, K.E., Henry, M., Alkez-Afiorve, M.Y., 2009. Composition,
structure and diversity of phyllostomid bat asseagbs in different successional stages of a
tropical dry forest. Forest Ecology and Managen2&i@, 986—996.

Bazzaz, F.A., Pickett, S.T.A., 1980. Physiologeablogy of tropical succession: a comparative
review. Annual review of ecology and systematics28/—-310.

Benitez-Malvido, J., 1998. Impact of forest fragtagion on seedling abundance in a tropical rain
forest. Conservation Biology 12, 380—389.

Bernard, E., Fenton, M. B., 2003. Bat mobility andsts in a fragmented landscape in Central
Amazonia, Brazil. Biotropica 35 (2), 262-277.

Bernard, E., Fenton, M.B., 2002. Species divesityats (Mammalia: Chiroptera) in forest
fragments, primary forests, and savannas in ceAtralzonia, Brazil. Canadian Journal of
Zoology 80, 1124-1140.

Bongers F., Poorter L., Hawthorne, W., Sheil, DQ2 The intermediate disturbance hypothesis
applies to tropical forests, but disturbance contes little to tree diversity. Ecology Letters,
12: 798-805

Borchert, R., 1994. Soil and stem water storagerdene phenology and distribution of tropical
dry forest trees. Ecology 75 (5), 1437-1449.

Borges, S.H., 2007. Bird assemblages in secondaegts developing after slash-and-burn

agriculture in the Brazilian Amazon. Journal of pical Ecology 23, 469-477.

207



Brosset, A., Charles-Dominique, P., Cockle, A., s J.-F., Masson, D., 1996. Bat communities
and deforestation in French Guiana. Canadian JbafiZology 74, 1974-1982.

Bullock, S.H., 1995. Plant reproduction in neotogbidry forests. En: Bullock, S.H., Mooney,
H.A., Medina, E. (Eds.), Seasonally Dry Tropicalésis. Cambridge University Press,
Cambridge, pp. 277-297.

Bullock, S.H., Solis-Magallanes, J.A., 1990. Phegglof canopy trees of a tropical deciduous

forest in Mexico. Biotropica 22 (1), 22-35.

Castro-Arellano, I., Presley, S.J., Saldafa, LWillig, M.R., Wunderle Jr., J.M., 2007. Effects of
reduced impact logging on bat biodiversity in témnae forest of lowland Amazonia.
Biological Conservation 138, 269-285.

Castro-luna, A.A., Sosa, V.J., Castillo-Campos,2BQ7. Bat diversity and abundance associated
with the degree of secondary succession in a @bfcest mosaic in south-eastern Mexico.
Animal Conservation 10: 219-228.

Ceballos, G., 1995. Vertebrate diversity, ecoland conservation in neotropical dry forests. En:
Bullock, S.H., Mooney, H.A., Medina, E. (Eds.), Seaally Dry Tropical Forests. Cambridge
University Press, Cambridge, pp. 195-214.

Charles-Dominique, P., 1986. Inter-relations betwieegivorous vertebrates and pioneers plants:
Cecropia, birds and bats in French Guiana. EnaHatrA., Fleming, T.H. (Eds.), Frugivores
and Seed Dispersal. Dr W. Junk, Dordrecht, pp. 136-—

Chazdon, R.L., 2008. Chance and determinism indabporest succession. En: Carson, W.P.,
Schnitzer, S.A., (Eds.), Tropical forest commumitplogy. Blackwell Scientific, Oxford, UK,

pp. 384-408.

208



Chazdon, R.L., Letcher, S.G., van Breugel, M., M&z-Ramos, M., Bongers, F., Finegan, B.,
2007. Rates of change in tree communities of searyrdeotropical forests following major
disturbances. Philosophical Transactions of theaR8gciety B 362, 273-289.

Clarke, F.M., Pio, D.V., Racey, P.A., 2005a. A ca@mgon of logging systems and bat diversity in
the Neotropics. Conservation Biology 19 (4), 119204.

Clarke, F.M., Rostant, L.V., Racey, P.A., 2005delafter logging: post-logging recovery of a
neotropical bat community. Journal of Applied Egylel2, 409-420.

Clements, F.E., 1916. Plant succession: An anabysise development of vegetation.
Washington, DC: Carnegie Institute. Washington P2&p, 3—4 p.

Clements, F.E., 1936. Nature and structure of iheeg. The Journal of Ecology. 24 (1), 252—
284.

Connell, J. H., Slatyer, R.O., 1977. Mechanismsuzicession in natural communities and their
role in community stability and organization. Angam Naturalist 111, 1119-1144.

Cosson, J.-F., Pons, J.-M., Masson, D., 1999bctsffef Forest Fragmentation on Frugivorous
and Nectarivorous Bats in French Guiana. Journ@tagpical Ecology, 15 (4), 515-534.

Cosson, J.F., Ringuet, S., Claessens, O., de Mags@r, Dalecky, A., Villiers, J.F., Granjon, L.,
Pons, J.M., 1999a. Ecological changes in recentlaitge islands in French Guiana, with
emphasis on vertebrate communities. Biological €oration 91, 213-222.

Cowles, H.C., 1899. The ecological relations ofwbgetation on the sand dunes of Lake
Michigan. Part 1. Geographical relations of theealtlaras. Botanical Gazette 27, 95-391.

de la Pefia-Cuéllar, E., 2010. Estructura de la cdslad de murciélagos en parcelas de diferentes

edades de sucesion en el bosque tropical humeblliéxieo: implicaciones para la

regeneracion. Universidad Nacional Autbnoma de REXUNAM).

209



Dirzo, R., Trejo, |., 2001. Selvas tropicales dexiMé: un ecosistema de importancia planetaria.
En: Primack, R., Rozzi, R., Feinsinger, P., Diigg,Massardo, F. (Eds.), Fundamentos de
Conservacion Bioldgica: Perspectivas LatinoamedsaRCE, D.F, Mexico, pp. 106-107.

Egler, F.E., 1954. Vegetation science conceptsaldioristic composition-a factor in old-field
vegetation development. Vegetatio 4, 412-417.

Estrada, A., Coates-Estrada, R., 2002. Bats inroods forest, forest fragments and in an
agricultural mosaic habitat-island at Los Tuxtléiexico. Biological Conservation 103, 237—
245,

Estrada, A., Coates-Estrada, R., Meritt Jr., D93LBat species richness and abundance in
tropical rain forest fragments and in agriculturabitats at Los Tuxtlas, Mexico. Ecography
16 (4), 309-318.

FAO 2009. Situacion de los bosques del mundo. Gzgaidn de las Naciones Unidas para la
Agricultura y la Alimentacién, Roma.

Faria, D., 2006. Phyllostomid bats of a fragmenéediscape in the north-eastern Atlantic forest,
Brazil. Journal of Tropical Ecology 22, 531-542.

Faria, D., Baumgarten, J., 2007. Shade cacao pilamég Theobroma cacao) and bat conservation
in southern Bahia, Brazil. Biodiversity and Consgion 16, 291-312.

Faria, D., Laps, R.R., Baumgarten, J., Cetra, BIO62 Bat and bird assemblages from forests and
shade cacao plantations in two contrasting lanaéscapthe Atlantic Forest of southern Bahia,
Brazil. Biodiversity and Conservation 15, 587-612.

Fauth, J.E., Bernardo, J., Camara, M., Reset#Yit3,, Van Buskirk, J., McCollum, S.A., 1996.

Simplifying the jargon of community ecology: a ceptual approach. The American

Naturalist 174:282—-286.

210



Fenton, M.B., Acharya, L., Audet, D., Hickey, M.Blerriman, C., Obrist, M.K., Syme, D.M.,
Adkins, B., 1992. Phyllostomid bats (ChiropteraylRistomidae) as indicator of habitat
disruption in the Neotropics. Biotropica 243, 44064

Fernandez-Hernandez, P., 2008. Patrones fenolégitasboles de un bosque tropical caducifolio
en distintos estadios de sucesion secundaria. Battarniversidad Autbnoma de Puebla,
Escuela de Biologia.

Fleming, T.H., 1982. Foraging strategies of plastimg bats. En: Kuntz, T.H. (Eds.), Ecology of
bats. Plenum Press, pp. 287-325.

Fleming, T.H., 1988. The short-tailed fruit bastady in plant—animal interactions. University of
Chicago Press, Chicago.

Fleming, T.H., Geiselman, C., Kress, W.J. 2009. @baution of bat pollination: a phylogenetic
perspective. Annals of Botany 104: 1017-1043.

Fox, B.J., 1990. Changes in the structure of mam@inmunities over successional time scales.
Oikos 59, 321-329.

Frankie, G.W., Baker, H.G., Opler, P.A., 1974. Canapive phenological studies of trees in
tropical wet and dry forests in the lowlands of &dRica. The Journal of Ecology 62, 881—
919.

Frith, C.B., Frith, D.W., 1985. Seasonality of insebundance in an Australian upland tropical
rainforest. Austral Ecology 10, 237-248.

Gascon, C., da Fonseca, G.A.B., Sechrest, W., BikinK.A., Sanderson, J., 2004. Biodiversity
conservation in deforested and fragmented tropecaiscapes: an overview. En: Schroth, G.,
da Fonseca, G.A.B., Harvey, C.A., Gascon, C., Vlasglos, H.L., Izac, A-M.N. (Eds.),
Agroforestry and Biodiversity Conservation in Trogli Landscapes, Island Press, Washinton,

DC, pp. 15-32.

211



Geiselman, C., Mori, S.A., Lobova, T.A., Blanchafd,2002 onward. Database of neotropical
bat/plant interactions.

http://www.nybg.org/botany/tlobova/mori/batspladetabase/dbase frameset.htm

Gentry, A.H., 1995. Diversity and floristic compait of neotropical dry forests. En: Bullock,
S.H., Mooney, H.A., Medina, E. (Eds.), Seasonalty Dropical Forests. Cambridge
University Press, Cambridge, pp. 146-194.

Gleason, H.A., 1926. The individualistic conceptha# plant association. Bulletin of the Torrey
Botanical Club. 53(1), 7-26.

Gomez-Pompa A., Vazquez-Yanes C., Guevara S., T%i&tropical rain forest: a non renewable
resource. Science 177, 762—765.

Gbomez-Pompa, A., Vazquez-Yanes, C., 1981. Succedsitudies of a rain forest in Mexico. En:
West, D.C., Shugart, H.H., Botkin, D.B. (Eds.), &irSuccession: Concepts and Application.
Springer-Verlag, New York, pp. 246—266.

Gorchov, D.L., Cornejo, F., Ascorra, C., Jarmillb, 1993. The role of seed dispersal in the
natural regeneration of rain forest after striptagtin the Peruvian Amazon. Vegetatio
107/108, 339-349.

Grime, J.P., 1977. Evidence for the existence i@&elprimary strategies in plants and its relevance
to ecological and evolutionary theory. The Amerid&turalist 111 (982), 1169-1194.

Guariguata, M., Ostertag, R., 2001. Neotropicabedary forest succession: changes in structural
and functional characteristics. Forest Ecology lslathagement 148, 185-206.

Heywood, V.H., 1995. Global biodiversity and assemst. Cambridge University Press, New
York.

Hilty, J.A., Lidicker Jr., W.Z., Merenlender, A.M2006. Corridors ecology: the science and

practice landscape for biodiversity conservatistarid Press, Washinton, DC.

212



Holbrook, M.N., Whitbeck, J.L., Mooney, H.A., 1995rought responses of Neotropical dry
forest trees. En: Bullock, S.H., Mooney, H.A., Medl E., (Eds.), Seasonally Dry Tropical
Forests. Cambridge University Press, Cambridge24p-276.

Holdridge, L.R., 1947. Determination of world pldatmations from simple climate data. Science

105: 367—-368.

Hutson, A.M., Mickleburg, S.P., Racey, P.A., 20Microchiropteran bats: global status survey
and conservation action plan. IUCN/SSC, Chirop&pacialist Group, IUCN, Gland,
Switzerland and Cambridge, UK.

Jones, G., Jacobs, D.S., Kunz, T.H., Willig, M.cBg P.A., 2009. Carpe noctem: the importance
of bats as bioindicators. Endangered Species R#s8af3-115.

Kalacska, M.E.R., Sanchez-Azofeifa, G.A, Calvo-Abdo, J.C., Rivard, B., Quesada, M., 2005.
Effects of season and successional stage on leafizdex and spectral vegetation indices in
three Mesoamerican tropical dry forests. Biotrofdég4), 486—496.

Kalka, M.B., Smith, A.R., Kalko, E.K.V., 2008. Bdimit arthropods and herbivory in a tropical
forest. Science 320, 71.

Kalko, E.K.V., Friemel, D., Handley Jr., C.O., Sdfter, H., 1999. Roosting and foraging
behavior of two neotropical gleaning basnatia silvicola andTrachops cirrhosus
(Phyllostomidae). Biotropica 31, 344—-353.

Kalko, E.K.V., Handley, C.O. Jr., Handley, D., 19@¥ganization, diversity, and long-term
dynamics of a Neotropical bat community. En: Cddy, Smallwood, J. (Eds.), Long-Term
Studies in Vertebrate Communities. Academic Press Angeles, CA, USA, pp. 503-553.

Klingbeil, B.T., Willig, M.R., 2009. Guild—specificesponse of bats to landscape composition and

configuration in fragmented Amazonian rainforesurdal of Applied Ecology 46, 203—-213.

213



Klingbeil, B.T., Willig, M.R., 2010. Seasonal diffences in population-, ensemble- and
community-level responses of bats to landscapetsiielin Amazonia. Oikos 119, 1654—
1664.

Laurance, W., Bierregaard Jr., R.O., 1997. Trofmadst remnants: ecology, management, and

conservation of fragmented communities. The Unitierd Chicago Press, Chicago.

Lobova, T.A., Geiselman, C.K., Mori, S.A., 2009eflaispersal by bats in the Neotropics. New
York Botanical Garden, New York.

Lord, R.D., 1988. Control of vampire bats. En: Greal, A.M., Schmidt, U. (Eds.), Natural
History of Vampire Bats. CRC Press, Florida, pb-2226.

Maass, J.M., 1995. Conversion of tropical dry fopessture and agriculture. En: Bullock, S.H.,
Mooney, H.A., Medina, E. (Eds.), Seasonally Dryfical Forests. Cambridge University
Press, Cambridge. pp. 399-422.

Mancina, C.A., Garcia-Rivera, L., Capote, R.T., 208abitat use by phyllostomid bat
assemblages in secondary forests of the ‘Sierr&dsério’ Biosphere Reserve, Cuba. Acta
Chiropterologica 9, 203-218.

Margalef, R., 1963. On certain unifying principlasecology. American Naturalist 97, 357-374.

Martinez-Ramos, M., Garcia-Orth, X., 2007. Sucesidoldgica y restauracion de las selvas
hamedas. Boletin de la Sociedad Botanica de M&gaplemento), 69-84.

Martinez-Yrizar, A., 1995. Biomass distribution grémary productivity of tropical dry forests.
En: Bullock, S.H., Mooney, H.A., Medina, E., (Ed<sSeasonally Dry Tropical Forests.
Cambridge University Press, Cambridge, pp. 326—345.

Martinez-Yrizar, A., Maass, M., Pérez-Jiménez,arukhan, J., 1996. Net primary productivity
of a tropical deciduous forest on the coast okgdali Mex. Journal of Tropical Ecology. 6,

433-444.

214



McNab, B.K., 1982. Evolutionary alternatives in thtgysiological ecology of bats. En: Kunz, T.H.
(Eds.), Ecology of bats. Plenum Publishing CorporatNew York. pp. 151-196.

Medellin, R.A., Equihua, M., Amin, M.A., 2000. Bdiversity and abundance as indicators of
disturbance in neotropical rainforests. Conservaimlogy 14, 1666-1675.

Miles, L., Newton, A.C., DeFries, R.S., Ravilio@, May, I., Blyth, S., Kapos, V., Gordon, J.E.,
2006. A global overview of the conservation stattisopical dry forests. Journal of
Biogeography 33, 491-505.

Montiel, S., Estrada, A., Ledn, P., 2006. Bat addages in a naturally fragmented ecosystem in
the Yucatan Peninsula, Mexico: species richnesgssity and spatio-temporal dynamics.
Journal of Tropical Ecology 22, 267-276.

Mooney, H.A., Bullock, S.H., Medina, E., 1995. duction. En: Bullock, S.H.,Mooney, H.A.,
Medina, E. (Eds.), Seasonally Dry Tropical ForeStmbridge University Press, Cambridge,
pp. 1-8.

Morrison, D.W., 1978. Influence of habitat on tleeaging distance of the fruit bartibeus
jamaicensis. Journal of Mammalogy 59 (3), 622-624.

Murphy, P.G., Lugo, A.E., 1986. Ecology of tropica forest. Annual Review of Ecology and
Systematics 17, 67—88.

Muscarella, R., Fleming, T.H., 2007. The role afgivorous bats in tropical forest succession.
Biological Reviews 82, 573-590.

Nepstad, D.C., Verissimo, A., Alencar, A., NobreACLima, E., Lefebvre, P.A., Schlesinger, P.,
Potter, C., Moutinho, P.R.D.S., Mendoza, E., CogclydM.A., Brooks, V., 1999. Large-scale
impoverishment of Amazonian forests by logging &rel Nature 398, 505-508.

Nufiez, R., Miller, B., Lindzey, F., 2000. Food hahif jaguars and pumas in Jalisco, Mexico.

Journal of Zoology, London 252, 373-379.

215



Ochoa, J.G., 2000. Efectos de la extraccion de rmadmbre la diversidad de mamiferos pequefios
en bosques de tierras bajas de la Guayana Venaz@&mtropica 32 (1), 146-164.

Odum, E.P., 1969. The strategy of ecosystem dexnedop Science 164, 262—-270.

Pescador-Rubio, A., Rodriguez-Palafox, A., NoguErA,, 2002. Diversidad y estacionalidad de
Arthropoda. En: Noguera, F.A., Vega, J.H., Gar8i&l., Quesada, M. (Eds.), Historial
Natural de Chamela. Instituto de Biologia, Univeasi Nacional Autbnoma de México, pp.
184-201.

Peters, S.L., Malcolm, J.R., Zimmerman, B.L., 20Bfects of selective logging on bat
communities in the southeastern Amazon. Conserviology 20 (5), 1410-1421.

Pezzini, F., 2008. Fenologia e caracteristicaodrfiivas em comunidades arboreas de trés
estagios sucessionais em Floresta Estacional D&adunorte de Minas Gerais. Universidade
Federal de Minas Gerais (UFMG).

Pickett, S.T.A., White, P.S., 1985. Patch dynanmacsynthesis. En: Pickett, S.T.A., White, P.S.
(Eds.), The Ecology of natural disturbance andlpdimamics. Academic Press, New York,
pp. 371-383.

Portillo-Quintero, C.A., Sanchez-Azofeifa, G.A.,1Z0 Extent and conservation of tropical dry
forests in the Americas. Biological Conservatio,1844—-155.

Primack, R., Rozzi, R., Dirzo, R., Feinsinger,Z001a. ¢ Donde se encuentra la diversidad
biolégica? En: Primack, R., Rozzi, R., Feinsingger,Dirzo, R., Massardo, F. (Eds.),
Fundamentos de Conservacion Biolbgica: Perspedtiatisoamericanas. FCE, D.F, Mexico,
pp. 99-125.

Primack, R., Rozzi, R., Massardo, F., Feinsinger2@01b. Destruccion y degradacion del habitat.
En: Primack, R., Rozzi, R., Feinsinger, P., DiiRg,Massardo, F. (Eds.), Fundamentos de

Conservacion Bioldgica: Perspectivas LatinoamedsaRCE, D.F, Mexico, pp. 183-223.

216



Quesada, M., Sanchez-Azofeifa, G.A., Alvarez-AfipMe Stoner, K.E., Avila-Cabadilla, L.D.,
Calvo-Alvarado, J., Castillo, A., Espirito-Santo,N\Ml, Fagundes, M., Fernandez, G.W.,
Gamon, J., Lopezaraiza-Mikel, M., Lawrence, D.,de#a, L.P., Powers, J.S., Neves, F.de S.,
Rosas—Guerrero, V., Sayago, R., Sanchez-Montoy2089. Sucession and management of
tropical dry forest in the Americas: review and n@svspectives. Forest Ecology and
Management 258, 1014-1024.

Quesada, M., Stoner, K.E., 2004. Treats to thearoasion of tropical dry forest in Costa Rica.
En: Frankie, G.W., Mata, A., Vinson, S.B. (Eds.jpdBversity conservation in Costa Rica:
learning the lessons in a seasonal dry forest. &sity of California Press, Berkeley, pp. 266—
280.

Reis, N.R. dos, Silva, M.L. da, Passos, |., Peliaéch., 2003. O que é melhor para manter a
rigueza de espécies de morcegos (Mammalia, Chra)ptem fragmento florestal grande ou
varios fragmentos de pequefio tamanho? Revistddrasle Zoologia 20 (2), 225-230.

Rios-Lopez, N. y Mitchell, T.A., 2007. Herpetofalidgnamics during secondary succession.
Herpetologica 63(1), 35-50.

Sanchez-Azofeifa, G.A., Quesada, M., Cuevas-Rdyefastillo, A., Sanchez-Montoya, G.,
2009. Land cover and conservation in the areaftfance of the Chamela-Cuixmala
Biosphere Reserve, Mexico. Forest Ecology and Mamagt 258, 907-912.

Sanchez-Azofeifa, G.A., Quesada, M., Rodriguez, Bl&ssar, J.M., Stoner, K.E., Castillo, A.,
Garvin, T., Zent, E.L., Calvo-Alvarado, J.C., Kalka, M.E.R., Fajardo, L., Gamon, J.A.,
Cuevas-Reyes, P., 2005. Research priorities fara@oal dry forest. Biotropica 37 (4), 477—

485.

217



Schulze, M.D., Seavy, N.E., Whitacre, D.F., 200@omparison of the phyllostomid bat
assemblages in undisturbed Neotropical forest mharest fragments of a slash-and-burn
farming mosaic in Petén, Guatemala. Biotropica B2(14—184.

Stoner K.E., 2001. Differential habitat use ando€épctive patterns of frugivorous and
nectarivorous bats in tropical dry forest of noréistern Costa Rica. Canadian Journal of
Zoology. 79, 1626-1633.

Stoner K.E., 2002. Murciélagos nectarivoros y fvogbs del bosque caducifolio de la Reserva de
la Biosfera Chamela-Cuixmala. En: Noguera, F.Aga/el.H., Garcia, A.N., Quesada, M.
(Eds.), Historia Natural del Bosque Caducifolio@leamela. Instituto de Biologia,

Universidad Nacional Autonoma de México, Distritederal, México, pp. 379-395.

Stoner, K.E., 2005. Phyllostomid bat community atinee and abundance in two contrasting
tropical dry forest. Biotropica 37(4), 591-599.

Stoner, K.E., Quesada, M., Rosas-Guerrero, V., Lo, 2002. Effects of forest fragmentation
on the Colima long-nosed ba#lgsonycteris harrisoni) foraging in tropical dry forest of
Jalisco, Mexico. Biotropica 34 (3), 462-467.

Taddei, A.V., Gongalves, C.A., Pedro, W.A., Tad¥i,)., Kotait, |., Arieta, C., 1991. Distribuicdo
do morcego vampir®esmodus rotundus no Estado de Sao Paulo e a raiva dos animais
domésticos. CATI, Campinas, Brazil.

Tansley, A.G., 1935. The use and abuse of vegatdtamncepts and terms. Ecology 16, 284-307.

Tilman, D., 1985. The resource-ratio hypothesiplaht succession. The American Naturalist 125
(6), 827-852.

Trejo, 1., Dirzo, R. 2000. Deforestation in seaslyndry tropical forest: a national and local

analysis in Mexico. Biological Conservation 94, 1332.

218



Valenzuela, D., Ceballos, G., 2000. Habitat sedecthome range, and activity of the white-nosed
coati (Nasua narica) in a mexican tropical dry $brdournal of Mammalogy 81, 810-819.

Valiente-Banuet, A., Molina-Freaner, F., Torres, Aiizmendi, M. del C., Casas, A., 2004.
Geographic differentiation in the pollination systef the columnar cactiachycereus
pecten-aboriginum. American Journal of Botany 91 (6), 850-855.

Vieira, D.L.M., Scariot, A., 2006. Principles oftnaal regeneration of tropical dry forests for
restoration. Restoration Ecology 14, 11-20.

Whitaker J.O. Jr., 1993. Bats, beetles and bugs. BR 23.

Whitmore, T.C., 1990. An introduction to topicairrdorest, Clarendon Press, Oxford.

Williams-Guillén, K., Perfecto, I., Vandermeer, 2008. Bats limit insects in a Neotropical
agroforestry system. Science 320, 70.

Willig, M.R., Presley, S.J., Bloch, C.P., Hice, G.Xanoviak, S.P., Monica Diaz, M., Arias
Chauca, L., Pacheco, V., Weaver, S.C., 2007. Pstglinid bats of lowland Amazonia: effects
of habitat alteration on abundance. Biotropica73¥—746.

Wilson, D.E., Ascorra, C.F., Solari, S., 1996. Baddndicators of habitat disturbance. En: Wilson,
D.E, Sandoval, A., (Eds.), Manu: The BiodiversifySoutheastern Peru. Smithsonian
Institution, Washington, pp. 613—-625.

Wolda, H., 1978. Seasonal fluctuations in rainfalbd and abundance of tropical insects. Journal

of Animal Ecology 47, 369-381.

219



	Portada
	Índice
	Resumen
	Capítulo 1. Introducción
	Capítulo 2. Composition, Structure and Diversity of Phyllostomid
bat Assemblages in Different Successional Stages of a Tropical dry Forest
	Capítulo 3. Patterns of Phyllostomid bat Occurrence in Different Successional Stages of Neotropical dry Forests: Incorporating the Seasonality Effect
	Capítulo 4. Local and Landscape Factors Determining Occurrence of Phyllostomid Bats in Tropical Secondary dry Forest
	Capítulo 5. Discusión General
	Bibliografía General

