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RESUMEN

Los estudios realizados en esta tesis se enfocan a describir el fenbmeno de la
partenocarpia (produccion de frutos sin semilla) y a analizar su papel en la depredacion
de semillas, asi como a caracterizar el proceso de dispersBurstea morelensis en
una zona semiarida del Valle de Tehuacan. El primer capitulo estd orientado a la
comprension de los diferentes términos y teorias del proceso de la dispersién de semillas
en los sistemas aridos y semiaridos y en el géBersera (Burseraceae), asi como del
fendmeno de la partenocarpia y su funcién o valor adaptativo en plantas en donde dicho
fendbmeno se presenta de manera natural. Todo ello bajo la idea de que no hay en la
actualidad un trabajo que relacione todos estos factores en un mismo sistema.

Los siguientes tres capitulos se enfocan a analizar la partenocarpia, su funciéon y la
dispersion de semillas. Las tres secciones representan articulos que estan en proceso de
impresioén o revisidn en revistas de arbitraje internacional, el primero aceptado en la
revista Annals of Botany, el segundo sometido al Journal of Avian Biology y el tercero
sometido al American Journal of Botany.

En el primero se presenta una descripcidon del sistema reproductiBurdera
morelensis. Se proporcionan datos sobre la produccion de estructuras reproductivas
(flores, frutos, semillas) y el origen sexual de las semillas. También se muestra evidencia
del fendmeno de la partenocarpia en esta especie, mediante un analisis anatomico e
histol6gico de los frutos, y se muestra la relacién entre la depredacion de semillas por
insectos y la partenocarpia. En el segundo se analiza la funcién de la partenocarpia en la
interaccion ave-planta. Por un lado se muestra la manera mediante la cual el efecto de

coloracién y densidad, los frutos partenocarpicos funcionan como un factor de atraccion



para las aves que se alimentarBdenorelensis y por otro, se evalla la depredacion de
semillas por aves granivoras y su relacién con la produccion de frutos partenocarpicos,
mostrando evidencia de que la partenocarpia es una adaptaciéon de la planta para
disminuir la depredacién. El tercer articulo comprende el analisis de la dispersién bibtica
de las semillas d®. morelensis, considerando varias fases del proceso tales como,
remocién de frutos, tipo de fruto removido (con semilla o partenocarpico), efecto de la
endozoocoria en la germinacién (velocidad y porcentaje) y, la probabilidad de que las
aves depositen las semillas en sitios favorables para la germinacion y establecimiento. En
este se muestra la importancia del mantenimiento de la interaccion ave-planta para la
conservacion de ambos participantes.

En el quinto capitulo se presentan las conclusiones de las investigaciones realizadas. En
general este trabajo es el primero que contribuye al conocimiento de la partenocarpia a un
nivel anatémico e histolégico y en donde se muestra el papel de este fenGmeno y su

importancia en las interacciones ave-planta e insecto-planta.



ABSTRACT
This thesis is focused in the description of parthenocarpy (production of fruits without
seeds) and in the analysis of its function related to seed predation and dispersal of the
endemic treeBursera morelensis in a semi-arid zone of the Tehuacéan Valley. The first
chapter is oriented to understand different concepts and theories of the process of seed
dispersal in arid and semi-arid systems and in the g&umgsra (Burseraceae), as well as
the phenomenon of parthenocarpy and its function or adaptive value in plants.
The next three chapters are focused to analyze parthenocarpy, its function and seed
dispersion. The three sections represent papers that are in press or revision in
international indexed journals. The first one was published in the Annals of Botany, the
second submitted to the Journal of Avian Biology and the third paper was submitted to
the American Journal of Botany. In the first paper, a description of the reproductive
system ofBursera morelensis is provided, including an assessment of the origin of the
seeds (sexual or asexual), and an anatomical and histological analysis of the fruits
documenting parthenocarpy and its relation with insect seed predation. In the second
paper the function of parthenocarpy in the bird-plant’s interaction is analyzed. First the
presence of parthenocarpic fruits acted as a way to increase attraction by means of a
coloration and density effect. Second, seed predation by granivorous birds and their
relation with the production of parthenocarpic fruits is evaluated, showing evidence that
parthenocarpy is an adaptation to avoid predation. The third paper include the analysis of
the biotic seed dispersal Bf morelensis considering several phases of the process such

as, fruit removal, type of removed fruit (with seed or parthenocarpic), effect of



endozoochory in germination (speed and percentage) and, probability that the birds
deposit the seeds in favorable sites for germination and establishment. The importance of
maintaining the bird-plants interaction for the conservation of both participants is
highlighted.

In the last chapter the main conclusions of the research are presented. This work is, as far
as we know, the first one that contributes to the knowledge of parthenocarpy both at an

anatomical and histological level and it the ecological perspective.



CAPITULO I. INTRODUCCION

La dinamica poblacional de las plantas se encuentra moldeada por una gran
cantidad de factores y procesos tanto bidticos como abibticos. Entre los abiéticos
podemos citar el clima, los nutrientes y la fragmentacion del habitat. Entre los bidticos
debemos considerar la fenologia, los sistemas reproductivos, la polinizacion, la
dispersion de semillas, la dinamica del banco de semillas, la germinacién, el
establecimiento, la sobrevivencia, la competencia y la depredaciéon (Schupp 1995,
Schupp & Fuentes 1995, Godinez-Alvarez et al. 1999, Rey & Alcantara 2000, Bleher &
Bohning-Gaese 2001, Traveset 2002, Traveset et al. 2003, Gulias et al. 2004). Varios
autores concuerdan en que independientemente del ambiente de que hablemos, la
dispersién de semillas, la germinaciéon y el establecimiento, son los procesos mas
importantes en la dinAmica poblacional, ademas de que se ha llegado a considerar a la
dispersién como la fase inicial (Molinari 1993, Levin & Muller-Landau 2000, Dalling et
al. 2001).

En los sistemas aridos y semiaridos como el del Valle de Tehuacan, Puebla, la
precipitacién suele ser muy baja e impredecible, los suelos presentan temperaturas muy
altas y un bajo contenido de agua (Valiente-Banuet & Ezcurra 1991, van Rheede & van
Rooyen 1999), en tales condiciones ambientales, se considera que el establecimiento es el
principal mecanismo modelador de la estructura de las comunidades de plantas (Valiente-
Banuet 1991) y la dispersion biética de semillas adquiere un papel secundario, pero
importante dependiendo de la especie de planta de que se hable (Steenbergh & Lowe

1969, Godinez-Alvarez et al. 1999, 2002, Nogales et al. 2005, Spiegel & Nathan 2007).



La contribucion de cada agente dispersor de semillas es diferente, y dependera del
comportamiento de forrajeo, de los patrones de seleccion de frutos, del tiempo que el
animal retiene las semillas en el tracto digestivo y del efecto que esto tiene sobre la
germinacion, particularmente, en los sitios en donde se depositan las semillas (Jordano
1992, Schupp 1993, Loiselle & Blake 1999). Para evaluar el efecto que un dispersor tiene
en relacion al éxito reproductivo de una especie de planta es necesario conocer su
eficacia, es decir, la proporcion de semillas que son dispersadas por una especie en
particular (componente cuantitativo), y examinar si los sitios en donde se depositan las
semillas son favorables para la germinacion y el establecimiento (componente cualitativo;
Schupp 1993). Asi, en las ultimas tres décadas se han realizado alrededor de 40 trabajos
en los que se evalla algun componente de la efectividad de la dispersion (cantidad y/o
calidad) en ambientes aridos y semiaridos, 19 con aves y 22 con mamiferos, reptiles y
hormigas (Tabla 1), de manera que se ha acumulado evidencia sobre la importancia que
de la dispersion de semillas puede tener en estos ambientes.

La endozoocoria puede favorecer la germinacion de las semillas asi como el
crecimiento de las plantulas. Las aves y murciélagos son dispersores efectivos ya que
transportan las semillas a grandes distancias, lo que le permite a la planta: (1) reducir la
competencia denso-dependiente entre juveniles o con adultos ya establecidos (Janzen
1970, Venable & Brown 1988), (2) colonizar nuevos sitios (Chambers & MacMahon
1994, Garcia 1991; Granados 1994; Pakeman 2001), (3) incrementar la variabilidad
genética local (Mandujano et al. 1997) y, (4) transportar las semillas a sitios seguros

localizados por debajo de plantas nodrizas, en donde existen condiciones adecuadas para



la germinacion y sobrevivencia de las plantulas (Mandujano et al. 1996, Steenberg &
Lowe 1977, Hutto et al. 1986, McAuliffe 1988, Olin et al. 1989, Valiente-Banuet &
Ezcurra 1991, Valiente-Banuet & Verda 2007).

En particular, para el génemursera, caracteristico de zonas aridas y semiaridas en
México, no hay informacién que analice detalladamente las distintas etapas del proceso
de dispersion. A pesar de que se han descrito mas de 100 especies deBgésasao
(Espinosa et al. 2006), apenas suman 19 los estudios que evalluan las tasas de visita y el
consumo de frutos dBurserapor diferentes especies animales (Tabla 2). Los trabajos
realizados indican que los dispersores son aves frugivoras y frugivoro-insectivoras. Los
frutos de Bursera destacan como un recurso importante para las aves durante la
migraciéon (Scott & Martin 1984 Bates 1992, Greenberg et al. 1993, 1995) y durante los
periodos de escasez de alimento (Bates 1992, Stevenson et al. 2005). Asi mismo se ha
visto que las aves son importantes para las especigsrderadebido a que presentan

altas tasas de remocion de semillas y favorecen el establecimiento de sus plantulas (Clark
& Clark 1981, Scott & Martin 1984, Trainer & Will 1984, Hammond 1995, Ortiz-Pulido

& Rico-Gray 2006).

Bursera morelensises una especie endémica de México, caducifolia vy
“aparentemente” dioica (las flores femeninas presentan anteras). Esta especie se
distribuye en el bosque tropical seco de los estados de Guerrero, Morelos, Puebla y
Oaxaca; su fruto es trivalvado, oblicuamente ovoide de 5 a 8 mm de largo y de 4 a 6 mm
de ancho, ligeramente apiculado y la semilla esta recubierta por un pseudoarilo amarillo
palido (Rzedowski et al. 2004, 2005). Salvo por los trabajos de Becerra y colaboradores,

guienes incluyen @. morelensisen una serie de analisis sobre la interaccién con



escarabajos herbivoros, la historia natural de la especie es desconocida (Becerra 1994,
2003a, 2003b, 2003c, 2005, Becerra & Venable 1999a, 1999b, Becerra et al. 2001).
Verdl & Garcia-Fayos (1998) citan que ésta es una especie partenocarpica (produce
frutos sin semilla) pero no describen los frutos ni muestran evidencia. En el mismo afio,
durante un trabajo con el sistema reproductivo Bdemedranoana,Cortes (1998)
menciona la existencia de frutos “vacios”Bnmorelensisque pueden ser producto de

un lento desarrollo del 6vulo. Becerril (2004) describe la anatomia del fruto pero no
menciona la partenocarpia.

Durante el periodo de fructificacion & morelensigle junio 2005 a mayo 2006,
en San Rafael Coxcatlan, Puebla, se observd que en los arboles habia frutos que en lugar
de semilla estaban llenos de tejido o tenian larvas de insectos, esto sugeria que la especie
es partenocarpica pero ademas fue una prueba de que no todos los frutos tenian una
semilla que pudiera ser dispersada. Las caracteristicas de los frutos presentan un
sindrome de ornitocoria (van der Pijl 1972), sugiriendo que las semillas son dispersadas
por aves, pero si la especie produce frutos sin semilla, surgen interrogantes: ¢Por qué y
para qué desarrolla estos frutos? y particularmente, ¢Cual es el papel de estos frutos en la
dispersion de semillas?.

Las plantas partenocarpicas, han llamado la atencién de muchos naturalistas e
investigadores desde la época de la antigua Grecia, a partir de entonces el hombre ha
utilizado desde la agricultura tradicional hasta la llamada tecnologia “terminator”, para
obtener una gran cantidad de especies cuyos frutos carezcan de semillas (Varoquaux et al.

2000). Ciertamente, las ventajas econdémicas de este fendmeno le han llevado a ser muy
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estudiado, con el fin de describir sus causas y desarrollo (Gillaspy et al. 1993, Varoquaux
et al. 2000), sin embargo su funcion (valor adaptativo) es casi desconocida.

Darwin (1876) decia que esta caracteristica era una condicion de infertilidad de
las plantas. Sturtevat (1890) escribiids frutos sin semilla son un claro ejemplo de un
acontecimiento natural que perjudica la continuidad y distribucion de las espeEists’
idea prevalecio hasta el trabajo de Coetzee & Giliomee (1987) quienes mostraron que los
insectos (coledpteros y lepiddpteros) ovipositan indiscriminadamente tanto en los frutos
con semilla deProtea repenscomo en los partenocarpicos, permitiendo que muchas
semillas escapen a la depredacion. En 1991 Zangerl y colaboradores mostraron que las
mariposadepressaria pastinacellprefieren ovipositar en los frutos partenocéarpicos de
Pastinaca sativalebido a que estos contienen menos furanocomarinas (toxinas) que los
frutos con semilla. Wright (1994) confirmé que la sobrevivencia de las semillas de varias
especies dBroteaesta correlacionada con la variacion en el “seed set”.

Traveset (1993) y Verdu & Garcia-Fayos (1998) expusieron que la presencia de
frutos partenocarpicos disminuye la probabilidad de que las semillaBisticia
terebinthusy P. lentiscussean depredadas por avispas. Ziv & Bronstein (1996) también
indicaron que los frutos partenocarpicos funcionan como una barrera fisica para que las
polillas no puedan ovipositar libremente en los frutos que contienen semillas. En 1998
Fuentes & Schupp observaron quelaniperus osteospermia partenocarpia disminuye
la depredacién de semillas por partePdeus inornatusggue es un ave granivora. Verdu
& Garcia-Fayos (2001) obtuvieron un resultado similar en su trabaj®.ciemtiscusy
las aves granivoras, no obstante, en estos dos estudios las correlaciones se hicieron

utilizando el namero total de frutos comidos por las aves y el porcentaje de frutos
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partenocarpicos presentes en el arbol, asumiéndose que todo fruto depredado tenia una
semilla.

A pesar de que los estudios sobre la funcién de la partenocarpia son pocos, se ha
demostrado que hay una reduccién en la depredaciéon de semillas, sin embargo su impacto
en la dispersion sigue siendo desconocido. La limitante ha sido que no se pueden
distinguir los frutos partenocéarpicos de los que tienen semilla sin cortarlos del arbol
(Traveset 1993) y por tanto no se sabe a ciencia cierta si los dispersores remueven una
semilla o un fruto vacio. Jordano (1990) describe @arluelis chlorispuede arrancar

cinco frutos por minuto de las plantasRistacia lentiscuspero sélo ingiere tres ya que
descarta los frutos sin semilla. Este trabajo sugiere que hay un mecanismo de seleccion
de los frutos por parte de las aves depredadoras de semillas. En 1996, Obeso menciona
gue en un ambiente competitivo en donde las hembrdexeaquifolium fructifican
simultaneamente y producen cosechas elevadas, los frutos partenocarpicos podrian
ayudar a atraer frugivoros que dispersen las semillas de los frutos viables, pero esta

hipotesis no fue comprobada.

Acorde con los antecedentes expuestos, los objetivos principales de esta tesis fueron:

e Describir el sistema reproductivo & morelensiscomprobando si esta es una
especie partenocarpica y caracterizando los frutos de modo que sea posible
distinguir en el arbol los frutos con y sin semilla.

e Determinar la funcién ecoldgica de los frutos sin semilla, esto es, si la

partenocarpia reduce la depredacion de semillas por insectos y aves granivoras y
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determinar si la partenocarpia es un factor que afecta el papel de los frugivoros en
la dispersién de sus semillas.

e Caracterizar el proceso de dispersion de semilla.emorelensishaciendo
énfasis en determinar el tipo de fruto que es removido por los agentes dispersores
y determinar si este proceso tiene alguna importancia para la conservacion de la

planta.

Los resultados obtenidos se presentan en tres articulos sometidos a revistas de
arbitraje internacional. EIl primero publicado en la revista Annals of Botany, el segundo
fue sometido al Journal of Avian Biology y el tercero se encuentra en proceso de revision
por los coautores para ser enviado al American Journal of Botany.

En el primer articulo se describe la fenologia y sistema reproductio merelensis,
presentand@videncia de que la produccion de frutos es el resultado de un proceso de
absicion escalonada de las estructuras reproductivas debido a una limitacion por polen.
De igual modo, se muestra el origen sexual de las semillas, y se comprueba la presencia
de frutos partenocarpicos. Se describe por primera vez la partenocarpia a nivel anatémico
y morfolégico en una especie Bersera generando informacion que permite distinguir

los frutos con semilla de los partenocarpicos en el arbol, y que puede ser utilizada en el
estudio de la dispersion de semillas. Finalmente, se apoya la hipotesis que indica que la
partenocarpia es una estrategia de defensa ante insectos depredadores de semillas y se
presenta evidencia de que esta estrategia conlleva un ahorro energético para la planta.

En el segundo articulo se aborda la funcién de la partenocarpia en la interaccion ave-

planta. Por un lado se determind la cantidad de frutos removidos y visitas realizadas por
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los frugivoros y el niumero y proporcién de frutos partenocarpicos producidos. Los
resultados mostraron que la partenocarpia es un factor que contribuye a aumentar la
atractividad de la planta para los frugivoros mediante un efecto de coloracion y densidad.
En segundo lugar, se comprobé la hipotesis de que los frutos partenocarpicos reducen la
depredacion de semillas por aves granivoras. La posibilidad de diferenciar los frutos
partenocarpicos de los que contienen semilla en el arbol, permitié relacionar la cantidad
real de semillas que son depredadas con la cosecha total y partenocérpica producida por
los arboles. A su vez, se presenta evidencia de que la partenocarpia es una adaptacion de
la planta para disminuir la probabilidad de depredacién de semillas por aves granivoras.

En el tercer articulo se describe el proceso de dispersion de semillas tomando
como base los componentes cuantitativo y cualitativo de la dispersion de acuerdo con lo
descrito por Schupp (1993). Los resultados mostraron que cuatro especies de papamoscas
(género Myarchug son dispersores legitimos d& morelensis,llevando una gran
cantidad de semillas a los sitios en donde se distribuye la especie y con ello aumentando
la probabilidad de que se lleve a cabo el establecimiento bajo plantas nodriza. Las altas
tasas de remocion de frutos indican @uemorelensies un elemento importante en la
dieta de estos frugivoros migratorios. En conjunto los datos obtenidos permiten establecer
la importancia de la conservaciéon de la interaccion dispersor-planta, misma que podria
verse afectada por desfases en la fenologia de la fructificacion o la migracién debido a
factores como el cambio climatico. En el Gltimo capitulo de esta tesis se hace una sintesis
de los efectos que la partenocarpia tiene en el proceso de la dispersién y depredaciéon de
semillas, asi como una serie de sugerencias de estudios que complementarian la

informacion generada en este trabajo.
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Tabla 1. Especies de plantas dispersadas por aves, mamiferos, reptiles y hormigas en

ambientes aridos y semiaridos. Se proporciona la especie y la fuente.

Especies dispersadas por aves

Acacia(23 especies) Davidson & Morton (1984), Barnes (2001), Or & Ward
(2003), Githiru et al. (2002)

Guaiacum sanctum Wendelken & Martin (1987)

Pilosocereus maxonii, Wendelken & Martin (1988)

Stenocereus eichlamii

Cereus peruvianus Silva (1988)

Lysiana exocarpi Yan (1993)

Amyema preisii Reid (1989), Yan (1993)
Lycium intrincatum, Valido & Nogales (1994)

Neochamaelea pulverulenta,

Opuntia dillenii
Rubia fruticosa Valido & Nogales (1994), Nogales et al. (2005)
Whitania aristata Valido & Nogales (1994)

Phoradendron californicum Larson (1996), Aukema (2004)

Neobuxbaumia tetetzo Godinez-Alvarez et al. (1999, 2002)
Diferentes especies Tebbich et al. (2004)

Opuntia puberula Sortibran et al. (2005)

Ochradenus baccatus Spiegel & Nathan (2007)
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Tabla 1. (Continuacion).

Especies dispersadas por mamiferos, reptiles y hormigas

Carnegiea gigantea Steenbergh & Lowe (1977), Olin et al. (1989), Wolf &
Martinez del Rio (2000)

Camphoroamioideae Davidson & Morton (1981)

Stenocereus griseus  Bosque (1984), Soriano et al. (1991, 1999, 2000), Sosa &
Soriano (1993, 1996), Silvius (1995), Ruiz et al. (1997, 2000),
Naranjo et al. (200:

Chlorophora tinctoria, Soriano et al. (1991), Sosa & Soriano (1993, 1996)

Pilosocereus tillianus

Subpilocereus repandusSoriano et al. (1991, 1999), Sosa & Soriano (1993, 1996),
Naranjo et al. 200:

Stenocereus gummosud.edn de la Luz & Cadena (1991)

Opuntia streptacantha Vargas-Mendoza & Gonzalez-Espinosa (1992)

Festuca arundinacea Knoch et al. (1993)

Melocactus violaceus Cortes et al. (1994), Vasconcellos-Neto et al. (2000)

Céctaceas (3 spp.) Fleming & Sosa (1994)

Prosopis flexuosa Campos & Ojeda (1997)

Opuntia rastrera Montiel & Montafia (2000)

Pilosocereus laniginosuSoriano et al. (2000)

Céctaceas (21 especies) Rojas & Salinas (2002)
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Tabla 2. Trabajos en los que se describe algun componente de la efectividad de la

dispersién (cantidad y/o calidad) en diferentes especies del diunrsera

Bursera Dispersor (es) Referencia

B. fagaroides Aves (6 especies) Ortiz-Pulido et al. (2000),
Ortiz-Pulido & Rico-Gray (2000, 2006)
B. karsteniana Aves (6 especies) Poulin et al. (1994)
B. graveolens Aves, iguanas, roedores Clark & Clark (1981)
Geospiza fortis, G. Grant & Grant (1996)
scandens, G. fuliginosa
B. inversa Lagothrix lagothrichi  Stevenson (2000)
Ateles spp. Stevenson et al. (2001)
Aves (22 especies) Stevenson et al. (2005)

B. microphylla Vireo vicinor Bates (1992)

B. simaruba Icterus galbul Timken (1970)
Aves (39 especies) Scott & Martin (1984)
Aves (26 especies) Trainer & Will (1984)
Vireo griseus Greenberg et al. (1993)
Vireo pallens Greenberg et al. (1995)
Aves (8 especies) Hammond (1995)
Calocitta formosa Ortiz-Pulido et al. (2000)
Aves (27 especies) Galindo-Gonzalez et al. (2000)

Aves (39 especies) Graham (2002).

17



Literatura citada

Aukema JE. 2004.Distribution and dispersal of desert mistletoe is scale-dependent, hierarchically
nestedEcography27: 137-144.

Barnes ME. 2001.Seed predation, germination and seedling establishmeAcadia eriolobain
northern Botswanalournal of Arid Environment49: 541-554.

Bates JM. 1992.Frugivory onBursera microphylla(Burseraceae) by wintering Gray Vireogireo
vicinior, Vireonidae) in the coastal deserts of Sonora, MeXSomthwestern Naturali®7: 252-

258.

Becerra JX, Venable DL. 1999a Nuclear ribosomal DNA phylogeny and its implications for
evolutionary trends in MexicaBursera (Burseraceae). American Journal of Botany 86: 1047-
1057.

Becerra JX, Venable DL. 1999bMacroevolution of insect-plant associations: The relevance of host
biogeography to hots affiliation. Proceedings of the National Academy of Sciences of the United
States of America 96(22): 12626-12631.

Becerra JX. 1994. Squirt-gun defense iBurseraand the chrysomelid counterpldycology75: 1991-
1996.

Becerra JX, Venable DL, Evans PH, Bowers WS. 200Ilnteractions between chemical and
mechanical defenses in the plant geBusseraand their implications for herbivore8merican
Zoologist41: 865—-876.

Becerra JX. 2003a.Evolution of MexicanBursera (Burseraceae) inferred from ITS, ETS, and 5S
nuclear ribosomal DNA sequencééolecular Phylogenetics and Evoluti@é: 300-309.

Becerra JX. 2003b.Synchronous coadaptation in an ancient case of herbiPoogeedings of the
National Academy of Sciences, UBX): 12804-12807.

Becerra JX. 2003c.Molecular systematics oBlepharida beetles (Chrysomelidae: Alticinae) and
relatives.Molecular Phylogenetics and Evoluti@®: 107-117.

Becerra JX. 2005.Timing the origin and expansion of the Mexican tropical dry foRstceedings of
the National Academy of Sciendd¥?: 10919-10923.

Becerril CF. 2004. Morfologia y anatomia del fruto de dos especies del gdwrseraJacq. Ex L.
SecciorBursera(Burseraceae). Tesis de Licenciatura. FES Zaragoza. UNAM. México.

Bleher B, Bohning-Gaese K. 2001Consequences of frugivore diversity for seed dispersal, seedling
establishment and the spatial pattern of seedlings and @eeslogial29:385-394.

Bosque CA. 1984.Structure and diversity of arid zone bird communities in Venezuela. Tesis de

Doctorado. University of Washington, Seattle, Washington.

18



Campos CM, Ojeda RA. 1997 Dispersal and germination &frosopis flexuosgFabaceae) seeds by
desert mammals in Argentindournal of Arid Environment35: 707—714.

ChambersJC, MacMahon JA. 1994. A day in the life of a seed: movements and fates of seeds and their
implications for natural and managed systefsnual Review in Ecology and Systemafiés
263-292.

Clark DA, Clark DB. 1981. Effects of seed dispersal by animals on the regeneratiduifera
graveolengBurseraceae) on Santa Fe Island, Galapaesologia 49: 73-75.

Coetzee JH, Giliomee JH. 1987Seed predation and survival in the infructescencéaiea repens
(Proteaceae)lhe South African Journal of Botab@: 61-64.

Cértes FJE, Vasconcellos-Neto J, Garcia MA, de Souza ALT. 1998aurocory inMelocactus
violaceus(CactaceaeBiotropica 26: 295-301.

Cortes PA. 1998.Biologia reproductiva d8ursera medranoan&zedowski & Ortiz (Burseraceae),
una especie de origen hibrido. Tesis. Fac. de Ciencias. UNAM. México.

Dalling JW, Hubbell SP, Silvera K. 2001.Seed dispersal, seedling establishment and gap partitioning
among tropical pioneer treekurnal of Ecology86: 674-689.

Darwin C. 1876.The variation of animals and plants under domesticatlSie® D. Appleton and Co,
New York, USA.

Davidson WD, Morton SR. 1981 Myrmerochory in some plants (F. Chenopodiaceae) of the australian
arid zoneOecologia50: 357-366.

Davidson WD, Morton SR. 1984 Dispersal adaptations of sorAeaciaspecies in the australian arid
zone.Ecology65: 1038-1051.

Espinosa D, Llorente J, Morrone JJ. 2006 Historical biogeographical patterns of the species of
Bursera (Burseraceae) and their taxonomic implicatiodsurnal of Biogeographyd3: 1945-
1958.

Fleming TH, Sosa VJ. 1994 Effects of nectarivorous and frugivorous mammals on reproductive
success of plantdournal of Mammalogy5: 845-851.

Fuentes M, Schupp E. 1998Empty seeds reduce seed predation by birdsimiperus osteosperma
Evolutionary Ecologyl2: 823-827.

Galindo-Gonzalez J, Guevara S, Sosa VJ. 200Bat- and bird- generated seed rains at isolated trees
in pastures in a tropical rainfore§tonservation Biology4: 1693-1703.

Garcia A. 1991.La dispersion de semilla€iencias24: 3-6.

Githiru M, Lens L, Bennur LA, Ogol CPKO. 2002. Effects of site and fruit size on the composition

of avian frugivore assemblages in a fragmented Afrotropical f&ésbs96: 320-330.

19



Godinez-Alvarez H, Valiente-Banuet A, Valiente Banuet L. 1999Biotic interactions and the
population dynamics of the long-lived columnar cadiienbuxbaumia tetetzo the Tehuacéan
Valley, México.Canadian Journal of Botang7: 203-208.

Godinez-Alvarez H, Valiente-Banuet A, Rojas-Martinez A. 2002The role of seed dispersers in the
population dynamics of the columnar cadilenbuxbaumia tetetzEcology83: 2617-2629.

Graham C. 2002.Use of fruiting trees by birds in continuous forest and riparian forest remnants in Los
Tuxtlas, Veracruz, Mexicdiotropica 34: 589-597.

Granados SD. 1994Ecologia y dispersion de las plantas. Universidad Autonoma de Chapingo. 111 pp.

Grant BR, Grant PR. 1996 High survival of Darwin's finch hybrids: Effects of beak morphology and
diets.Ecology77: 500-509

Greenberg R, Niven DK, Hopp S, Boone C. 199Frugivory and coexistence in a resident and a
migratory vireo on the Yucatan Peninsulandor95: 990-999.

Greenberg R, Foster MS, Marquez-Valdelamar L. 1995The role of the white-eyed vireo in the
dispersal oBurserafruit on the Yucatan Peninsuldournal of Tropical Ecology1: 619-639.

Gulias J, Traveset A, Riera N, Mus M. 2004Critical stages in the recruitment procesfRbamnus
alaternusL. Annals of Botan®3: 723-731.

Hammond DS. 1995.Post-dispersal seed and seedling mortality of tropical dry forest trees after
shifting agriculture, Chiapas, Mexicéournal of Tropical Ecology1: 295-313.

Hutto RL, McAuliffe JR, Hogan L. 1986. Distributional associates of the Saguaf@arnegiea
giganteg. Southwestem Naturali8tL: 469-476.

Janzen DH. 1970 Herbivores and the number of tree species in tropical fokeserican Naturalist
104: 501-528.

Jordano P. 1990.Utilizacion de los frutos déistacia lentiscusAnacardiaceae) por el verderdn
comun Carduelis chlori3. En: Arias de Reyna L., P. Recuerda & T. Redondo (Eds.) Actas
Primer Congreso Nacional de Etologia: 145-153. Cajasur, Cordoba, Espafa.

Jordano P. 1992.Fruits and frugivory. Pp. 105-156. In: Fenner, M. (ESieeds: the Ecology of
Regeneration in Plant Communitiés.A.B. International, London.

Knoch TR, Faeth SH, Arnott DL. 1993.Endophytic fungi alter foraging and dispersal by desert seed-
harvesting ant®ecologia95: 470-473.

Larson DL. 1996. Seed dispersal by specialist versus generalist foragers: the plant's perspéative.
76: 113-120.

Ledn de la Luz JL, Cadena RD. 1991Evaluacién de la reproduccion por semillas de la pitaya agria

(Stenocereus gummo3 e Baja California Sur, Méxicécta Botanica Mexicana4: 75-87.

20



Levin SA, Muller-Landau HC. 2000. The evolution of dispersal and seed size in plant communities.
Evolutionary Ecology Researéh 409-435.

Loiselle BA, Blake JG. 1999 Dispersal of Melastome seeds by fruit-eating birds of tropical forest
understoryEcology80: 330-336.

Mandujano MC, Montafia C, Eguiarte LE. 1996.Reproductive ecology and inbreeding depression in
Opuntia rastrera(Cactaceae) in the Chihuahuan Desert: Why are sexually derived recruitments
so rareAmerican Journal of Botany3: 63—70.

Mandujano MC, Golubov J, Montafia C. 1997.Dormancy and endozoochorous dispers@piintia
rastreraseeds in the southern Chihuahuan Dederirnal of Arid Environment36: 259-266.

McAuliffe JR. 1988. Markovian dynamics of simple and complex desert plant commurAtnesrican
Naturalist131: 459-490.

Molinari J. 1993. The mutualism between frugivores and plants in tropical forest: paleobiological
aspects, autoecologies, community réleta Biologica Venezolank4: 1-4.

Montiel S, Montafia C. 2000.Vertebrate frugivory and seed dispersal of a Chihuahuan Desert cactus.
Plant Ecologyl46: 221-229.

Naranjo ME, Rengifo C, Soriano PJ. 2003Effect of ingestion by bats and birds on seed germination
of Stenocereus grisewndSubpilocereus repand€actaceae)lournal of Tropical Ecology9:
19-25.

Nogales M, Nieves C, lllera JC, Padilla DP, Traveset A. 200&ffect of native and alien vertebrate
frugivores on seed viability and germination patternsRabia fruticosa(Rubiaceae) in the
eastern Canary Islandsunctional Ecologyl9: 429-436.

Obeso JR. 1996 Fruit and seed production in European hollgx aquifoliumL. (Aquifoliaceae).
Anales del Jardin Botanico de Madral: 533-539.

Olin G, Alcorn SM, Alcorn JM. 1989. Dispersal of viable saguaro seeds by white-winged doves
(Zenaida asiatica Southwestem Naturali8é: 282-284.

Or K, Ward D. 2003. Three-way interactions betweekcacig large mammalian herbivores and
bruchid beetles -a reviewfrican Journal of Ecologyl: 257-265.

Ortiz-Pulido R, Laborde J, Guevara S. 2000.Frugivoria por aves en un paisaje fragmentado:
consecuencias en la dispersion de semilgistropica32: 473-488.

Ortiz-Pulido R, Rico-Gray V. 2000 The effect of spatio-temporal variation in understanding the fruit
crop size hypothesi©ikos93: 523-528.

Ortiz-Pulido R, Rico-Gray V. 2006. Seed dispersal @ursera fagaroide¢Burseraceae): the effect of

linking environmental factorSSouthwestern Naturali§l: 11-21.

21



Pakeman RJ. 2001Plant migration rates and seed dispersal mechaniemsial of Biogeograph28:
795-800.

Poulin B, Lefebvre G, McNeil R. 1994 Diets of land birds from northeastern Venezu€landor 96:
354-361.

Reid N. 1989.Dispersal of mistletoes by honeyeaters and flowerpeckers: components of seed dispersal
quality. Ecology70: 137-145.

Rey PJ, Alcantara JM. 2000.Recruit dynamics of a fleshy-fruited pla@Iéa europaen connecting
patterns of seed dispersal to seedling establishdemtnal of Ecology88: 622-633.

Rojas A, Salinas M. 2002Frutas de cataceas columnares consumidas por el murdiépgmycteris
curasoaeen el Valle de Tehuacan, Méxidavestigacion Universitaria Multidisciplinarid.: 21-

30.

Ruiz A, Santos M, Soriano PJ, Cavelier J, Cadena A. 199Relaciones mutualisticas entre el
murciélagoGlossophaga longirostrig las cactaceas columnares en la zona arida de la Tatacoa,
Colombia.Biotropica29: 469-479.

Ruiz A, Santos M, Cavelier J, Soriano PJ. 200Estudio fenoldgico de cacticeas en el enclave seco
de La Tatacoa, ColombiBiotropica32:397-407.

Rzedowski J, Medina R, Calderén G. 2004Las especies dBursera (Burseraceae) en la cuenca
superior del Rio Papaloapan (Méxicakta Botanica Mexicané6: 23-151.

Rzedowski J, Medina R, Calderdon G. 2009nventario del conocimiento taxonémico, asi como de la
diversidad y del endemismo regionales de las especies mexicaBasee(Burseraceaepcta
Botanica Mexican&0: 85-111.

Schupp EW. 1993.Quantity, quality and the effectiveness of seed dispersal by aniWedgtatio
107/108: 15-29.

Schupp EW. 1995 Seed-seedling conflicts, habitat choice, and patterns of plant recruinegrican
Journal of Botany?2: 399-409.

Schupp EW, Fuentes M. 1995.Spatial patterns of seed dispersal and the unification of plant
population ecologyEcoscience:267-275.

Scott PE, Martin RF. 1984. Avian consumers oBursera Ficus and Ehretia fruit in Yucatan.
Biotropical6: 319-323.

Silva WR. 1988.0rnitocoria entCereus peruvianu@Cactaceae) na Serra do Japi, Estado de Sao Paulo.
Revista Brasileira de Biologi48: 381-389.

Silvius KM. 1995. Avian consumers of cardon fruitSténocereus griseu€actaceae) on Margarita
Island, Venezuel&iotropica27: 96-105.

22



Soriano PJ, Ruiz A, Nassar JM. 2000Notas sobre la distribuciéon e importancia ecolégica de los
murciélagos Leptonycteris curasoag/ Glossophaga longirostrisen zonas &ridas andinas.
Ecotropicos13:91-95.

Soriano PJ, Sosa M, Rossell O. 199Habitos alimentarios d&lossophaga longirostrigviller
(Chiroptera: Phyllostomidae) en una zona arida de los Andes venezd¥avista de Biologia
Tropical 39: 263-268.

Soriano PJ, Naranjo ME, Rengifo C, Figueroa M, Ronddén M, Ruiz RL. 199%ves consumidoras
de frutos de cactaceas columnares del enclave semiarido de Lagunillas, Mérida, Venezuela.
Ecotropicos12:91-100.

Sortibran L, Tinoco-Ojanguren C, Terrazas T, Valiente-Banuet A. 2005Does cladode inclination
restrict microhabitat distribution fapuntia puberulgCactaceae)2merican Journal of Botany
92: 700-708.

Sosa M, Soriano PJ. 1993Solapamiento de dieta entteeptonycteris curasoag Glossophaga
longirostris(Mammalia: ChiropteraRevista de Biologia Tropicdll: 529-532.

Sosa M, Soriano PJ. 1996Resource availability, diet and reproductionGtossophaga longirostris
(Mammalia: Chiroptera) in an arid zone of the Venezuelan Arddesnal of Tropical Ecology
12: 805-818.

Spiegel O, Nathan R. 2007.Incorporating dispersal distance into the disperser effectiveness
framework: frugivorous birds provide complementary dispersal to plants in a patchy environment.
Ecology Letterd0: 718-728.

Steenbergh WF, Lowe CH. 1969Critical factors during the first years of life of the sagu&@eréus
giganteu$ at the Saguaro National Monument, ArizoBaology50: 825-834.

Steenbergh WF, Lowe CH. 1977Ecology of the saguaro Il. Reproduction, germination establishment,
growth and survival of the young plant. National Park Service Scientific Monograph Ser No. 8.
Washington, D. C.

Stevenson PR. 2000Seed dispersal by woolly monkeysagothrix lagothricha at Tinigua National
Park, Colombia: Dispersal distance, germination rates, and dispersal quamgycan Journal
of Primatology50: 275-289.

Stevenson PR, Link A, Ramirez BH. 2005-rugivory and seed fate Bursera inversgBurseraceae)
at Tinigua Park, Colombia: Implications for primate conservaBiotropica37: 431-438.

Stevenson PR, Castellanos MC, Agudelo MS, Suescun MA. 20&emocion de semillas de chilco
(Henriettella fishantterpen el paruge Tinigua: factores que influyen en el tiempo de visita.
Universitas Scientarur@(1).

Sturtevant EL. 1890.Seedless fruitdvlemoires of the Torrey Botanical Cldb 141-185.

23



Tebbich S, Taborsky M, Fess B, Dvorak M, Winkler H. 2004Feeding behavior of four arboreal
darwin's finches adaptations to spatial and seasonal variaBGititydor106: 95-105.

Timken RL. 1970. Food habits and feeding behavior of the Baltimore oriole in Costa Ridson
Bulletin 82: 184-188.

Trainer JM, Will TC. 1984. Avian Methods of feeding oBursera simarubgBurseraceae) fruits in
PanamaAuk 101: 193-195.

Traveset A. 1993 Deceptive fruits reduce insect seed predatidpistacia terebinthu&. Evolutionary
Ecology7: 357-361.

Traveset A. 2002.Consecuencias de la ruptura de mutualismos planta-animal para la distribucion de
especies vegetales en las Islas Bale&egista Chilena de Historia Natur@b: 117-126.

Traveset A, Gulias J, Riera N, Mus M. 2003.Transition probabilities from pollination to
establishment in a rare shrub specikRegmnus ludovici-salvatolisn two habitatsJournal o f
Ecology91: 427-437.

Valido A, Nogales M. 1994 Frugivory and seed dispersal by the liz&allotia galloti (Lacertidae) in
a xeric habitat of the Canary Islan@ikos70: 403-411.

Valiente-Banuet, A. 1991. Dindmica del establecimiento de cactaceas: Patrones generales y
consecuencias de los procesos de facilitacion por plantas nodriza en desiertos. Tesis de
Doctorado. Unidad Académica de los Ciclos Profesional y de Posgrado del CCH. Centro de
Ecologia, UNAM. México.

Valiente-Banuet A, Ezcurra E. 1991.Shade as a cause of the association between the cactus
Neobuxbaumia tetetzm the nurse planMimosa luisanain the Tehuacan Valley, Mexico.
Journal of Ecology’9: 961-971.

Valiente-Banuet A, Verdd M. 2007.Facilitation can increase the phylogenetic diversity of plant
communitiesEcology Letterd 0: 1-8.

van der Pijl L. 1982. Principles of dispersal in higher plant&’ @dn. Berlin, Heidelberg, New York.

van Rheede K, van Rooyen MW. 199®ispersal biology of desert plants. Springer-Verlag, Berlin,
Germany.

Vargas.Mendoza MC, Gonzalez-Espinosa M. 199ZHabitat heterogeneity and seed dispersal of
Opuntia streptacanthg§Cactaceae) in nopaleras of central MexBouthwestern Naturalisg7:
379-385.

Varoquaux F, Blanvillain R, Delseny M, Gallois P. 2000Less is better: new approaches for seedless
fruit production.Trends in Biotechnolog¥8: 233-242.

Vasconcellos-Neto J, De Souza ALT, Guimardes MM, De Faria DM. 200Bffects of color, shape

and location on detection of cactus fruits by a lizaadirnal of Herpetolog®g4: 306-309.

24



Venable DL, Brown JS. 1988.The selective interactions of dispersal, dormancy, and seed size as
adaptations for reducing risk in variable environmefiteerican Naturalisii31: 361-384.

Verdd M, Garcia-Fayos P. 1998. Ecological causes, function, and evolution of abortion
andparthenocarpy iRistacia lentiscugAnacardiaceae)Canadian Journal of Botany6:134-
141.

Verdu M, Garcia-Fayos P. 2001 The effect of deceptive fruits on predispersal seed predation by birds
in Pistacia lentiscusPlant Ecologyl56: 245-248.

Wendelken PW, Martin RF. 1987.Avian consumption ofuaiacum sancturfruit in the arid interior
of GuatemalaBiotropical9: 116-121.

Wendelken PW, Martin RF. 1988.Avian consumption of the fruit of the ca&ienocereus eichlamii
andPilosocereus maxonin GuatemalaAmerican Midland Naturalist19: 235-243.

Wolf BO, Martinez del Rio C. 2000.Use of saguaro fruit by white-winged doves: isotopic evidence of
a tight ecological associatio®ecologial24: 536-543.

Wright MG. 1994. Unpredictable seed-set: a defence mechanism against seed-eatingRnstees
species (Proteacea€)ecologia99: 397-400.

Yan Z. 1993. Seed dispersal oAmyema preisiand Lysiana exocarpby mistletoebirds and spiny-
cheeked honeyeatellsmu93: 214-219.

Zangerl AR, Berenbaum MR, Nitao JK. 1991.Parthenocarpic fruits in wild parsnip: decoy defence
against a specialist herbivoigvolutionary Ecology: 136-145.

Ziv Y, Bronstein JL . 1996. Infertile seeds ofYucca schottii A beneficial role for the plant in the

yucca-yucca moth mutualisnE¥olutionary Ecologyl0: 6376.

25



CAPITULO 1.

Parthenocarpy and seed predation by insectsin Bursera morelensis

26



Arnals of Botany 102; 713-722, 2008

dioi 10,1083 /aokimen 153, available anline at wwaaob.mdfordj ournals org

&

O FORD JOURMALS

DO D L SEALITF RRERE

Parthenocarpy and Seed Predation by Insects in Bursera morelensis

MARIA F, RAMOS-ORDORNEZY, JUDITH MARQUEZ-GUZMAMZ ang
MA. DEL CORD ARIZMEND|.*
'FES Imtacala UNAM, Lanboratorio de Ecologia UBIPRO, Av. De los Barrios 1, Los Reyes |mtacala, Tiainepantia, Edo.

Meéxico, CP 54090, Mexico and *Facultad de Clencias UNAM, Laboratorio de Desarrollo en Plantas, Circulto Exterlor
s/n, Cludad Lniversitaria, Avenlda Universidad 3000, CP 04510, Maxico

Recelved: 26 May 2008  Retrned for revislon: 18 June 2008 Accepbect 10 July 2005 Published aectronically: 27 August 2008

t Background and Alms While parthenacarpy (meaning the productlon of frults without seeds) may [imit fecundity
In many plants, s functlon 1s not clear; 1k has been proposed, however, that 1t might be assoclated with a srategy o
avold seed predation. Bursera morelensls |5 a dioeclous endemic plant that produces frulks with and withouk seeds,
and Its frults are parssiized by Insects. Is reproductive system 15 not well described and no published evidence of
parthenocarpy exlsts for the specles. The purpose of this wark was to describe the bresding sysem of B. morelersis
ard Its relatlonship to seed predation by Insects,

t Methods The breeding system was described using pol linaon experiments, verlfying the presence of parthenocar-
plc frults and apomicic seeds. Reproductive structures from Flower buds bo mabure frults were quantified. For frults,
an anabomilcal and hiskolegical character] zatlon wes made. The nurmber of frults In which seeds had been predabed by
Insects was cormelabed with parthenocarplc frult production.

t Ky Results The rmajor aborton of reproductive structures oceurred during frult sst. The results discard the for-
mation of apomictlc seeds. Flowers that wene not pollinated formed parthenocarplc frulls and these could be distin-
quished during early developrmental stages. In parthenccarple frults In the first stages of development, an urisLal
spread of Intermal walls of the ovary occumed Imvading the locule and preverting ovule developmert. Unllke
frults with seeds, parthenccarplc fruits do not have calclum oxalate crystals In the owary wall. Bath frult types
can be separated Inthe field at frult maturity by the presence of dehlscence, cornplete In seeded and partlal In parthe-
nocarplc frults Trees with more parthenocarple frults had rmare parasitized frufts.

t Concluslors This Is the fist Ume the angomy of parthenocarplc fults In Bursemaceas has been described,
Parthenocarple frults In B. morelersls might function & a decelt strategy for Insect ssed predators as they ane unpro-

tected both chemlcally and mechanlcally by the absence of calclum owalabe crystals.

Wy wards: Parthenocarpy, BUrsera morelersls, predation, sseds, Imescls, bresding system, calolum cxalae crystals.

INTRODUCTION

Sead development 15 ona of the Key processes In anglosprm
reproduction (Yadegar and Drews, 2004: Berger et al,
2006). The abortlon of flowers, frults and seeds Is a physlo-
logical process Inwhich plants can fit progeny levels accord-
Ing to resource avallabllity avolding predator-damaged saeds
or genatically deficlent ones (Janzen, 1971, 1977; Sorensen,
1282; Stephanson and Bertin, 1983; Evenarl, 19284),

Al spacles of the genus Bursera (Burseraceas) have seads
coverad by a pseudoart| that has a colour contrasting with sur-
rounding wagatation (Rzadowsky et al., 2004, 2005). These
seeds possess all the features to be bird dispersed (Howe
and Westley, 1988). Several studles have stressed the Impot-
ance of sead dispersion of Bursera by birds (Scott and Martin,
1984, Tralner and Hil, 1924; Bates, 1992; Greenberg et al.,
1943 1995; Poulln et al, 1994; Grant and Grant, 1996
Ontiz-Pulido et al, 199% Ortiz-Pulido and  Rico-Gray,
2000; Granam, 2002; Stevenson et al., 2005) and other var-
tebrakes (Clark and Clark, 1931; Evans, 1989; Stevenson,
2000; Stevenson et al., 2000). The genus has more than 100
specles of trees and shrubs Inhabiting troplcal dry foreds
(Esplnosa et al., 2006). Development of frults and seeds In
the genus are almost unknown except for Srvastava (1068)

* For correspondence. E-mal| corod seryidor. Lram. m

and Cortes (1998). Cortes (1992) descrited the production
of apomictic seeds In Bursera medrancana,  while
Srivastava (1968) and Cortes (1998) reported that the devel-
opment af ovuales with respect 1o the ovary In
B. delpachiana and B. medranoana surferad a delay giving
the Impresslon of a frult without sead. The presence of partha-
nocarple fruits has been reported for B. fagaroides and
B. morelensls (Verdl and Garcia-Fayos, 1908).

The production of parthenocarplc frults has been regarded
as a defenslve strategy to lower predation probabliities of
vlable seeds (£angerl et al, 19971; Traveset, 19933, b; Zlv
and Bronsteln, 1098; Fuentes and Schupp, 1998, Verdd
and Garcia-Fayos, 1998, 2001). Insects lay eqgs Inko frults
wihen ovulas are still Immature without knowing IT the frult
will bear sesds. \When frults become mature only those
larvae In frults with seeds can survive (Scurlock et al,
1282 Costzee and Glllomes, 19287; Jordano, 1989, 1990;
Mrwa and Owerhuliser, 1992 Mustart et al, 1993; Werdo
and Garcra-Fayos, 1998). Traveset (1993a) found a negativa
carrelatlon betwean the number of parthenocarplc Trults in
Pistacla terebinthus and the number of wasp-damaged
seeds, suggesting that empty frults can serve to lower preda-
tion risks. Ziv and Bronstain (1908) showed that moths
avold Infertlle seeds by flying away from trees where they
find them thus reducing the Impact on viable seeds.

# The Author 2008, Published by Oxford University Press on behalf of the Anrals of Botary Compary. All rights reserved.
For Permissiors, please email: journals. permissions@ o fordjournals.org
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Zangen et al. (1991) reported that butterfly larvae
{Depressaria pastinacella) prefemad the parthencearplc
frults of Pastinaca sativa (Umbelliferas) dug to the lower
content of furanccoumaring (toxin) comparad with seeded
Truits.

The purposs of the present work was 1o determing the
brezding system of Bursera moralensls, describing pollina-
tlon and frulting ecology, and following the maturation
of seeds and frults from the anatomic and histologlcal
perspectlve to determine the presence of parthenccarplc
frults or apomictic seeds In the plant, and Its relationship
with seed predation by Insects.

MATERIALS AND METHODS
Study site

The study site was located near Barranca de Muchll In San
Rarael Coxcatlan, In the southeast portlon of the Tehuacan
Waley, Puebla, Maxico (18812 ana 18214'0; 97807 ana
o7enohay, at 1000m asl. and has a dry climate with
summer raing (Fernandez, 1999). Mean annual tamparaturs
15 258C and mean annual rainfall 3946 mm, with a dry
season from Movember to May and a ralmy season from
June to October (Wallente, 1997). It 1s an alluvial fan
where the predominant vegetatlon IS troplcal declduous
forest with 57 specles of  anglosperms  reported
(Fernandez, 19949). It nas a nign soll diversity (Medina,
2000) resulting In the Tommation of differant vegetal assocl-
atlons: the "Fouquerlal” dominated by Fouguerla formosa
Kunt, the "Cuallotal” dominated by Bursara morelansls
Ramirez, the "Chictlllal® dominated by Escontrla chiotilla
(Wabar) Rose and "Cardonal” dominated by Pachyceraus
weberl (Coulter) Buxb. (Rios-Casanova et al., 2004).

Species studied

Bursera morelensls 15 a4 dioeclous ree endemic to
Mexico. Male flowers are producad In paniculated or Inflor-
escent racemes while female flowers can be solltary, In
pairs or In short paniculates. Female flowers have non-
functional anthers. Frults are trivalvated ovold (5-8 mm
long; 4-6 mm wide). Seads are coverad Dy a yellow psed-
doarll (Rzedowskl et al, 2005). The tree was used to
produce matches and now 15 used locally for |lwe-fencas
(Rleyes et al, 2004). It also has medicinal properties
(Jolad, 1977). Ik Is distibuted In the troplcal dry forests
of the Mexican states of Guerrero, Morelos, Puebla and
Daxaca (Reyes e al., 2004; Becerra, 2005).

Breading system

Prenclogy was described by monthly visits to the study
area from May 2005 to May 2007, Forty Individuals were
observed and Flowers, Trults and lear production was followed.

The breeding system was determined using six trees,
where three branches were randomly chosen for each
fraatment; In each branch ten Inflorescencas were chosan
for each pollinagtlon treatment (10 Infloresconces - 3
branches - 3 tregments - 6 trees). The total number of

Ramos-Ordonez et al. — Parthenccarpy and Sead Predation by Insects In Bursara

Inflorescences used was 540 and total flowers was 5930,
The experiment was carrled out In May 2006 and was
followed untll January 2007, and was done separately
from the phenologlcal observations. The number of Trults
formed after pollination, number of Tull-grown Trulks, and
frults with and without sead was registensd In each treat-
ment. All frults produced In the experiment wera collectad
and dissected. Three pollination treatments were applled.

{1} Open pallination (contral treatment: n- 2013 flowers).
Inflorescences were marked and the number of flowers
avallable counted. Flowers were exposad to blotic pol-
linators and ablotic tactors. When thay were dry, thay
were coversd with mosquito mash to avold frult loss.

(2} Manual pollination (n- 1992 flowers). Flower buds
were enclosad before anthesls. Flowers were hand-
pollinatad using pollen from 12 male frees. Each
remale flower recelved pollen from three differant
male trees. Flowers were enclosed after pollination
and frult production was monltorad.

Pollination exclusion (n- 1925 flowers). Flower buds

were enclosed with fine mosquite mesh and flowers

left open wera enclosed Tor the duratlon of thelr [lves.

Frult production was tollowed.

(3

—

Fruit developrment

O the frults formed In May 2005 and May 2008, 50 Trults
were collectad from 14 randomly chosen plants of Bursera
morelensis in April 2006 and In April 2007, respectively,
11 months arter flowering when they reached full size and
maturity. Frults collected In this part were Independent of
those of the pollinatlon expenment. Taotal dimensions
{wldth and length In millimetres), welgnt (dry and rresh In
grams), colour and presence of odour (Berlanga, 1981;
Martinez, 1996) were measured. External features warg
measured using an electronlc callper with a resolution of
0:07T mm. Fresh welgnt was measurad uwsing an analytical
balance while the dry welght was abtalned using a dryer to
TOAC untll the sample reached a constant welght. Frult
type was noted (with or without seed).

Monthiy collections of differant stages of Trult formation
were carrled out to follow frult development using anatom-
Izal technlques (Lopez et al., 2005). FIry frults each manth
were collected tetween June 2006 and February 2007 from
three randomly chosen trees. Fruits were collected and
fixed In FAA (formol : acetlc acld : 96 % ethanol : watear,
1:0:5:5:35) and ransported to the laboratory where they
werg embedded In paraffin and stalned with safranin-rfast
grean, Also collactad were flowers which weane ambedded
In LE-White and stalned with toluldine blue. Frults were
dissected to describe all developmental stages. Fruilts were
classified according to thelr charcteristics. Parts of the
Tits were dried [ critical point, coated with gold and
obszrved under the scanning electran microscope (SEM).

Inzact saed predation

The proportion of damaged seeds was deberminad,
collecting S0 frults from 23 randomly chosen traes,
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Frults wera dissected and classified as frults with or without
seeds and damaged or undamaged. Insect-damaged frults
wera those contalning eggs or larvae Inside or those pre-
santing a hole by which the Insact abandonad the fruit
after hatching. The proportlon of damaged and empty
frults was calculated and a correlatlon betwean varlables
Was Carrled out,

To ldentiry parasitic insects, 70 frults were collectad, 150-
lated Inslde plastic bags and placed In total darkness untll
frult maturation and the Insacts hatched. The Insects were
collected and preserved In 70 % alcohol for further [dentifi-
catlon by 4 speclalist, To determming the timing of Infection,
50 frults were collected monthly from three randomly
chosen trees and dissected to search ror eggs or larvae,
Fruits were collected In April 2007 when the Trults pro-
duced In May 2006 were maturing.

Diata analysis

To analyse the breeding system, an ANOVE with arcsing
square rock-transformed data was used. Frult size varlatlon
among Trult types was analysed using a one-way ANOWE,
Correlatlons were carried out to test the relationrship
Datween crop size, number of parasitized frults and

115

parthenocarplc Trults. All analyses were done using SP5S
(SPSS, 2003) and XLSTAT (Addinsoft, 2007).

RESULTS
Phenology and bresding systam

Floveering In B. morelensls was synchronic and ocourred in
the two observed years 1 wesk Tollowlng the first ralns
{third week of May 2005 and second week of May 2006).
Male buds formed earller than female buds and anthesis
followed the same pattern. Male flowers lasted between
5dand 7 dwhille female flowers lasted between 3 d and
4 d. Pallination was completed by bees (Apls mallitera).

Antners were  prasent In the rfemale flowers of
E. morelensls but they wera not developed and did naot
produce pollen.

Flowering 1agted 2 weeks and amer that Immatura Trults
could be sean In trees. Immature frults were green and
reached thelr tull size (7-8mm) In 1 week. Maturation
tima was betwean 7 and 8 months with a maximum of
11 months (Table 1). Frults mcame red whan maturing.

Pollination experiments showed that thers were two
Important times of frult oss, the first from flower to Trult

TaeLe 1. Phenology of Bursera morelensis for the 2 years of obsarvations (May 2005 to May 2007) in the
Tehuacan Valley, Mexica. Light shading indicates the presance of flowers, leaves and immature fruits; dark
shading indicates the presence of mature fruits

May Jun Jdul Aug  Sep (het Mov D Jlan Feh Mar Apr My
M5 2N

Flowering

Presence of

leavies
e 2007

Flowering

Presence of

lenves

Fruiting
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Fic. 1. Pementage mean of reproductlve srudues (+ 5.0.) produced for
Bursera morelensk In pol liration experiment: Flowers, Trult sst, full-grosn
frults, seeded and  parthenocarplc  frults  produced.  Canlrol and
I'un:l-|:-:-|||r|.1lun treatrments 3} were different from pollen exclusion b

frut set (Fzg- B46TE P 0001, final-dzed frults
[Fz,- 0.001), seeds (F,, = 5822, P, 0.001) and parthens-
carpic frults (Fzs = 145, P , 0:001).

G49.8, F |

(frult set) and the sacond between Trult set and maturation
{(Flg. 1). In the open pollination treatments, 63-59 + 17.31
% of the flowers formed frults (n- 2073 flowers) and
4562 + 2118 % of these reached full slze, Most of thoss
frults had seeds (4247 + 21.47 %) while the others had
no seeds but presented two differsnt types of tissues
Inslde (2:23 + 277 %). Hand-pollinated treatments resulted
In 5934 + 1697 % of Tt set (n- 1992 flowers) and
3801 + 14.60% of full-sized fruits rormed. Almost all
these Tults formed seeds with only 273 + 1.89% belng
seedless. In pollen-exclusion treatments only 2.26 + 4.0
% oof frult sst (n- 1925 flowers), and of tese only
1:54 + 2:09°% grew to full slze and none contalned seeds.
The plant 15 self-Incompatiole and no pollen Himitation 15
oceuring (Fig. 1.

Fruit development

Civerall, Tour different frult types In Bursara moralansls
were found (Fig. 2 and Table 2; n- 700 fruits). Frulk size
was not different elther In the total length or width, nor
for fresh or dry welght (P . 0.05).

Type 1 frult was rad In colour and had thres |ines of
dehlscence. Frult opened completely separating three
valves through these lines. The pseudoarlle was orange
surrounding the sesd coat completely. The sesd coat was
formed completely, and the sead IESeIT was trgonous

il

Fic. 2. Frult types of Bursera momkrsls observed In the field: tpe | ja),
type Il {b), types 111 or IV jc). The photographs wer taken from the same
free during the maturity stage In the Tehuacan valley, México,
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measuring 5.7 + 0-7mm In length and 5 + 03 mm In
width. Sead colour was grey dotted with black.

Type Il frults were also red, with the three dehlscence
lines but, when ripening, dehiscence was Incomplete In
100% of cases. From a total of 280 type 11 frults, only
197 were opened by one wvalve (GB-2 %) 78 opened by
two valves (2785 %) and 11 (3:92 %) presented dehlscencea
In at least ona valve Dut this was never complete. In tha
areas without denlscence, the pseudoar e Was not formed;
In the areas with dehlscence the pseudoarlle was orange.
When some part of the sead with pseudoarlle became
exposad the exocarp dehydrated and the pseudoarlle
became brown. Seed measuraments werg 5.4 + 06 mm In
length and 4.8 + 0.5 mm In width, Seads were white
dotted with black spots. The seed coat was not completaly
formed and presented two types of tlssue: one hard and
White with the other soft and transiucent. The anly way to
saparate frults of type | and |1 in the tree was by obsarving
valve denlscenca.

Frutt types 1 and 1% were similar. They were grean to
red depending on maturatlon stage. Frult tlssues were not
differantiated and no dehiscence formed. Type | presentad
one 1o twio ovules and type | presented a tissue Instead of
ovules In the locules.

Inslde type 111 frults three locules, each bearing two
ovules, wara found, When tha frult was growing (approx.
4-5 mm In diameter) only one locule persisted with one of
the two ovules being aborted and the other developing Into
4 saad, Usually, there was one sead per frult. The ovary
walls were well defined (Fig. 3. Inside type 1V frults al
the locules wera occupled oy tssue with obliterated
locules, owary walls were diffuse, and owvules had alther
degenerated or were absent (Flg. 3). Type 1% fruits rep-
resanted parthenocarpic frults and could be differentlated
under a milcroscope from the first month arter blooming.

In type Il fruits, owary layers showed a different
arrangement than type |V rruit (Fig. 4). The tissue found
filling the locule In type |Y frults was formed by calls
from endocarp and mesocarp (Becemll, 2004) that grew
Into the ocule squashing the ovule (Fig. 4).

In the seeded frults (type 1) the mesocarp and endocarp
were formed Dy cells with relatlvely thick walls and
calclum oxalate crystals. In the parthenccarplc frults, c2lls
Were largar with thin walls and calclum oxalate crystals
were absent (n- 271 frults randomly chosen) (Flg. 5).

Ty 11 frult nad small ovules that remained small for 5-2
rnanths, aftarwhilch they reachied Tull SIzewhen they dehlsced
and were ready for seed dispersal. Type |1 frults wers
classified as such when Immaure; however, upan reaching
full size they became type | (FIgs 3 and 6). Similary, type
I frult represented the Immature phases of type |l

The outermost layer that protectzd the seed was a tlssue
derlved from the endocarp. In the seeded frults It was a
continuous layer that protected the seed, but In the parthe-
nacarplc fruits the Iayer was Incamplete,

Insact s2ed predation

Of the frults examined, 7915+ 2.79% (range 43-6-
Q8.2 95) presanted seeds, 17-6 + 2.2 % (range 1-75-45.45 %)
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TaeLe 2. Morphological characteristics of fruit types monitored in 14 tress of Bursera moralensis in the Tehuacan Vallsy

Type | Typell Ty 11 Type IV
Colour Fed Red e o red Green bo red
Smell Fesin Fesn Resin Resin

Length {mm) 754 + 044 7-45 + 038 7-33 + 050 734 + 053
Wide (mm) £.27 + 02 B.27 + 028 B41 + 012 542 + 014
Fresh welght {g) 0-48 + 02 0-48 + 0405 048 + 004 048 + 002

Dy weldht {q] 0-18 + 05 0-17 + 008 18 + 002 0418 + 004
Psaudoarl] Complets, orangs Incomplete, orange Mok differentiated Mok differentiated
== Complets, grey with black spots Incompiete, white with black spots Ol or embry Indefinite tssue
Diehlscence Complete Incomplets Mone Mone

The values presented am mean + 52 (n+ 700 frults).

Fic. 3. Type 111 (seeded frult) and 1V (parthenccarplc rull) fulls of Burssra morelensls. 8, Ovary wall; b, Iocue o, owule, Both frulls am at less than
2weeks of deselopment. The photograph on the Tight shows the tssue that Is filling the locules, Photographs wem &ken UsIng a scamning mlcroscope
JEDL, model 1SMS310LY,

ware parthenccarplc and 305 + 080 % (range 0- 18 %) wera
parthenccamplc  and  parasitized by fllies of the family
Cecldomylidae (Diptera) and wasps of the suparfamily
Chalcldoldea (Himenoptera; n- 1150 frus, 23 treas, 50
frufts per tree). Insects began Iaying eggs on frults In the
sevanth manth of Trult development. Dlssected frults for the

Saedad
fruit

Fathenocarpic fruit

Fic. 4. Longltudinal secton of a seeded frult and tarsverse section of a

parthencearple frult of Bursera morelensls staired with safmnin-fast green.

a, Dormant ovule; b, abomed ovules, The dashed line In Ehe seeded Trult

Tepmsents he level & which the ansvers sectlon of the parthenocarplc

frult was taken. Scale bar+ 1 mm. Micogmpis were tdken under an
optic microscope | O1ympus Provs AXT0).

oservalon of frult development showed also that Insects
vIsit the frults In the seven month of development. It was not
possible to determing hatching tme. Only ona larva per e
Wias moorded and only In parthenocarplc fruits. Parasitzad
frults could be easily recognized Decause e puncture that
the Insact made to Insert eggs In frults was full of resin
forming awhite scar, OF the 2280 parthenccarpl frults dissactzd
B2 ware parasitlzed, whila of the B0 frults with seads examined
none wias parasitized. A negatlve and significant cormiation
brtwwiesn the percentage of damaged frults and the percentage
of parthenocarplc frults In a tree was found 5. 2071,
ar.- 22 P, 005 Fig. 7).

DISCUSSION

Bresding system

Flowsring of B. morelensls ocourmed arter the First summer
rains In May. Flowerng synchrony can be 3 strateqy to
avold competition for pollingtors (Frankle et al, 1974).
This phenological pattarn has been reported for several
spacles of the troplcal dry forests such as Plumerla rubra
and Guazuma ulmifolla (Borchert et al., 2004). The delay
of female flower maturation related to male flowers Is a
frequent pattern between dioeclous trees (Lloyd  and
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Fi. 5. Mesocarp of a seeded frult and a parthenocarplc frult. Calcium oxalate crystals, Indcated by an armow an the |eft, are absant on the right. Scale
bar = 10 mm. MICTograps wers taken with phase contrast under an optlc microscope (CIYMpUSs Provis AXT00,

c

Fic. 6. Developmental sages of sseded {4 - C) and parthenccarple (Di— F) fults of Bursera morelensks, From 16t rioht upper 110, qrowing ovuls (4),

ambryo In development (B), seed without a valve (C). In the kewer ine, frult full of Hssue with a developing owule (D), frult Tull of tissue squashing ovule

(E), paithenocarplc frult as can be seen In kees (F). & Cwule; b, ovary wall; €, locule d, embryo. Scale bar = 1 mm; Macrographs were @ken with a
stereascoplc microscope | Zeks).

Webb, 1977 Obeso, 1996), and has Deen related to the Frult set reported hera Tor B, moralensls was similar to

highier energetlc costs of female related to male plants  values reported by Jordano (1028) in the three pallination
{Lowett-Dioust and Lovett-Doust, 1988), treatments and siightly Iower that those reported by Verda
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Fic. 7. Linsar regression and correlation bebaeen percentage of parasl-

Elzed Trults by Insects and parthenccanple frults, [n collected and dissected

frults of 23 trees of Bursara marelemsls l:ll]”l'lg.ﬁ]:f" 2007, Inthe Tehuacan
Valley Mexko (¥« 20-1826x« 9-2835, ¥+ 071, df» 22, P, 005),

and Garcla-Fayos (1998) ror P. lentiscus. Frult production Is
imited by pallen avallabllity as shown by the high abortion
rate of enclosad flowers as stated by other authors (Jordano,
1988; Verdo and Garcla-Fayos, 1998; Banuelos and Obeaso,
2005}, Pollination can be affected by the numbsar of polling-
tors avallaole, number of vIsits and distance between trees
of different sax In dicecious specles (Pascarella, 1996;
Banuelos and Obeso, 200% de Jong ot al, 2005).
Abortlon can also be a consaquence ol enviranmantal scar-
clty of resources, seads being genetically deficlent or seed
predation and damage (Janzen, 1971, 1977; Stephenson,
1981, Aker, 1982; Enrlén, 1997; Banuelos and Obeso,
2005).

Seeds produced by B. morelensls clearly had a sexual
orgin. This IT often related to the malntenance of high
warlabllity In the population that can ensure adaptation In
the long term (Muller, 1964; Michod and Levin, 1988;
Kondrashoy, 1994; Hurst and Peck, 199&; Doncaster et al.,
2000; Maynard-Smith and Szathmary, 2001; Rlce and
Chippindale, 2001).

Fruit description and development

Parthenccarple Trults In B. morelensis can be recognized
and separated from seaded frults In trees when maturation
has finlshed because of the Incomplete dehlscence of the
valwes; however, durlng the long period In which frult are
Immaturg, thase two types cannot e distinguished as 1s
the case In many other anglosperms (Jordano, 1988;
Traveset, 19930; Fuantes, 1995).

There are many reports of plants producing parthenocar-
plc frults but most of them Involve an Induced phenomena
to produce seedless frults for commerclal  purposes
(Waroquaux et al, 2000; Ampomah-Dwamena et al.,
2002, Zonhary, 2004). In spacles where pafthenocarpy Is
belleved to exlst naturally, there are no complete anatomical
descriptions of frult development. In P, lentiscus, partheno-
carplc frults presented only remnants of the funicule
without any ftrace of embryos (Jordano, 1988), and In
P. terebinthus the frults presented remnants of both funicula
and owvules (Traveset, 1993a). In B. morelemsls traces of
funicule and ovule were observed but a huge spread of

1ma

probably mesocarp and endocarp was also found. This
suggests that different factors (environmental, genatic,
physiologlcal) may promote the production of parthendo-
Carplc frults In the different specles sudiesd (Gllaspy
at al., 1993).

Parthenccarpy can originate by several factors both
Internal and external. Sources of external factors Include
scarcity of resources (Bertin, 1995; Jang and Sheen, 1997;
Sato et al, 2001), thermal stress (Sato et al., 2001, 2002;
Higashiyama et al, 2003%; Young et al, 2004), nyaric
stress (Gay et al, 1987) and damages In the reproduct ive
organs (Galll and Elslkowitch, 1977, Solomon, 1980).
Intemal causes Include changes In horMmone concentration
(Mitsch, 1950; Gliaspy et al, 1993; Azcon-Bleto and
Talon, 2000; Fos et al, 2003), polyploldy and emors In
gene  expresslon  (Mazzucato et al, 1908, 2003
Waroguaux et al., 2000; Ampoman-Dwamena et al., 2002;
Carml et al., 2003; Zoharl, 2004).

Parthenocarpy and insect sead predation

Seed predation registered for Bursera morelensls (305 +
089 %) was |ower than that ragistered In other parthenocar-
pic speclas such a5 Olea europaaa (18 % + 8.8 %; Jordano,
1987), Pagtinaca satlva (14-4%; Zangerl et al., 1991},
Pistacla lentlscus (0-4-2.0%; Jordano, 1923; Verdo and
Garcla-Fawos, 1908) and P. torebinthus (9% Travesc,
1983a). This could probably be related to the presence of
resins that characterize Bursera and decrease survivorship
and growth rates In some larvae (Bacerra, 1994). It Is prob-
able that Insects have avolved some mechanlsm enabling
them to parasitize Bursara fruits, with smaller survivorship
and growtn rates, such as that described for bestles fesding
on leves of Bursera (Becerra and Venable, 1990; Becarra,
1994; Evans et al, 2000), According to Travesat (199 3a),
It |5 possible that Insects can differantlate betwean Truits
with and without ovules while Irsarting the ovipositor.
IT this 15 true, the growth of soft tissue Inslde parthenocarplc
frults of B. morelensls might serve to decalve parasitizing
Inzacts.

The pollinatlon expariment showed that 2% af the
frults producad were parthenocarplc and without parasites,
nevertheless when the number of parasitized Trults was
datermined It was found that approx. 20 % of the frults
were parthenocarple and 3 % had Insacts. In the pollination
axperimant, fruits were protected by the bags preventing the
antrance of Insacts, while In the ather experimeant the fruits
developed without protection. The presence of parasites and
the Increase In the number of parthenccarplc frults could
suggest that Insects could be one of the factors that
promate the Tormaticn of parthenocarple Trults as Indicated
by Galll and Elslkowitch (1971) and Solamon (1980),
although further studles are NECessary to Invastigata It

Parthenccarpy has Deen proposad to e related to seed
predation In Pastinaca satlva (Zangerl et al, 1991). The
nardriess of the frult wall depends on the intarnal layer of
mesocarp, which 15 full of crystals of calclum oxalate,
and the llgnified endocarp. In parthenocarplc frult when
the mesocarp spreads and the cell became more elonged,
the endocarp gets fragmented forming unprotected sites.
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The presence of crystals has been regarded as a defence
agalnst seed predation (Franceschl and Homer, 1980,
Sunall and Healey, 1985; Perora et al., 1990; Ward t al.,
1997; Webb, 1999; Molano-Flores, 2000; Rulz et al,
2002). The productlon of calclum oxalate crystals 15 a
spaclalized process analogous to bDone formation  In
animals (Webb, 1999), These crystals are produced as a
way of metabolizing harmful elements such as oxallc acld
(Franceschl and Homer, 1980; Carvalhao, 1997), and
sarve to store calcium, minimizing the amount of calcium
In circulation but malntaining calclum avallable Tor tissue
tormation  (Franceschi and Homer, 1980; Thton and
Hornet, 1980; Volk et al., 2002}, Crystals provide reinforce-
ment, glving additional strength to the tissues (Francaschi
and Horner, 1980: Fink, 1991; Weib, 1998), and minimi za
precation (Molano-Flores, 2001). Chemically they are
canslderad as Irrtating compounds that reduce palatability
and for some Insects are toxlc (Smith, 1989). Absence of
Insacts In the Trults with crystals of calclum oxalate of
B. morelensis suggests that the plant can produce Trults
armed mechanlcally and chemically to ensure seed deve-
lopment as well as unprotected seediess frults as a decalt
lown-cost stratedy to recduce the probabllity of sead pradation
a5 suggested by Lea et al. (1997), and enhance an atraction
unit for seed dispersers (Travesat, 1993a; Fuentes, 1095
Fuentes and Schupp, 1988; “erdd and Garcia-Fayos,
1908). Mevertheless more studles are needed to assess the
affect of the presence of calclum oxalate crystals on parasl-
tizaklon and survival rates of Insects (Smith, 1989; Zanger
et al., 19971; Molano-Flores, 2007).

Parthenccanpy was reported praviously for B. morelensis
and B. fagaroldes by Verdd and Garcia Fayos (1008), and
during the present work this type of frult was observed In
B. aptera, B. schlechtandalll and B. submoniliformis.
Recantly, Bonfil et al. (2007) reported parthenocarpy In
B. grandirclla, B. bipinnata, B. l1ancirolla, B. copallifera,
B. glabritalla and B, plcolor. This suggests that partheno-
carpy Is a widespread phenomenon In the genus Bursera
but more studles are needed to demonstrate this. This
adds welght to the proposal of YVerdo and Garcia-Fayos
(1998) that parthenccarpy Wwas present In a common ances-
tar of the Tamilles Anacardiaceas and Burseraceas, and this
character was positively selected for some reason and
remalns today. Although the original functlon of partheno-
CArpy 15 st UnEnown, prasently It 15 proposed that parthe-
nocarplc Trults can enhance attraction to seed dispersers and
Iowier the Individual probabllity of a seaded frult being
parasttized (Zangerl et al, 1991; Traveset, 1993a, b;
Fuentes, 1995 Ziv and Brongtein, 1996; Fuentes and
Schupp,  1998;  Weran  and  Garcla-Fayos, 1908
M. F. Ramas-Ordonez, unpubl. ras.).
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ABSTRACT

Red cuajiote Bursera morelensis) is an endemic tree species of Mexico that produces
fruits whit and without seed (parthenocarpy). In this work we examined whether
parthenocarpy is a factor that increases the number of bird visits to trees and determined
if it is a strategy to diminish the predation of seeds by granivorous birds. In a population
of the Tehuacan Valley, Mexico, we made field observations to determine the relation
between the number of bird visits and total parthenocarpic fruits produced. We
determined the number of bird-predated fruits and correlated this with the number and
proportion of parthenocarpic fruits in the trees. We found that in trees with a greater
guantity of parthenocarpic fruits birds made more visits; we then suggested that
parthenocarpic fruits can act like a signal of attraction by means of a density and
coloration effect. Also, we found that in trees with greater proportions of parthenocarpic
fruits predation by granivorous birds is smaller, thus providing evidence that
parthenocarpy it has an adaptative values. This is the first studBuo$esa specie

where the real amount of bird-predated fruits with seeds was quantified.
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INTRODUCTION

The production of fruits without seeds among flowering plants can be triggered by
several factors that promote ovary development and restricted ovule maturation (Gillaspy
et al. 1993, Varoquaux et al. 2000). This process may be caused by pollen scarcity,
damaged flower organs, environmental abnormalities, hormone disequilibrium,
polyploidy and mistakes in gene expressions (Solomon 1980, Gay et al. 1987, Jordano
1988, Gillaspy et al. 1993, Varoquaux et al. 2000, Sato et al. 2001, 2002, Young et al.
2004). The ecological function of parthenocarpy is little known, with most research
related to the production of seedless commercial fruits (Varoquaux et al. 2000).

One hypothesis is that parthenocarpy it can act as an adaptative trait that diminish the
individual probability of fruits predated by birds and insects in the tree. Coetzee &
Giliomee (1987) and Traveset (1993) showed that insects lay eggs indistinctly in fruits
with or without seeds allowing higher survival probabilities for seeded fruits. Zanger! et
al. (1991) reported that lepidoterans preferred seedless fridestoiaca sativa as these
fruits contained less toxic materials than seeded ones. Ramos-Ordofiez et al. (2008)
found that Cecidomids and Calcioideae only used parthenocarpic frBtssefa

morelensis and suggested that this might be due to the absence of calcium oxalate

crystals making seeded fruits more toxic and harder to penetrate.

39



Jordano (1990) described ti@darduelis chloris can, on average, take five fruits per
minute ofPistacia lentiscus, but only ingested three while discarding seedless fruits.
Obeso (1996) studiddiex aquifoliumthat had asynchronic fruiting period and produced
very high numbers of fruits with parthenocarpic fruits likely a way to increase
attractiveness to frugivorous birds. Fuentes & Schupp (1998) showed that trees of
Juniperus osteosperma that had more parthenocarpic fruits had less predated seeds and
suggested thdarus inornatus foraged selectively in trees with more fruits. Verda &
Garcia-Fayos (2001) stated that seed predation by birds was reduced as the number of
parthenocarpic fruits increasedRrstacia lentiscus. However, in all studies seedless

fruits could not be assessed in trees and the reductions in seed predation probabilities
were calculated as a correlation with total fruit crop.

Bursera morelensis produces parthenocarpic fruits that remain in trees for a long
period until dispersion. In this case three different fruit types can be distinguished in trees
according to dehiscence: mature seeded fruits, mature parthenocarpic fruits and immature
fruits (Ramos-Ordofiez et al. 2008). The purpose of this work was to evaluate if: (1)
parthenocarpy can be considered as a factor that increases the attraction unit and so the
number of frugivorous birds visits as suggested by Obeso (1996), and to (2) determine if
parthenocarpy reduces seed predation by birds as proposed by Fuentes & Schupp (1998)

and Verdu & Garcia-Fayos (2001).

METHODS

Study Site
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The study site was located in the Muchil Ravine in San Rafael Coxcatlan, in the
southeastern portion of the Tehuacan Valley, Puebla, México (18° 12" and 18° 14’ N; 97°
07’ and 97° 09’ W). Mean altitude is 1000 m a.s.l. Mean annual temperature is 25°C and
annual precipitation 395 mm. Rains occur between June and October. It is an alluvial fan
covered by tropical deciduous forest (Fernandez 1999). Soils on site are very
heterogeneous and determine four different vegetation zones (Medina 2000): i) first one
dominated byFouqueria formosa Kunt denominated Fouquieral, ii) Cuajiotal dominated

by Bursera morelensis Ramirez, iii) Chiotillal dominated b¢scontria chiotilla (Weber)

Rose and iv) Cardonal dominated by the columnar Pachycereus weberi (Coulter)

Buxb (Medina 2000, Rios-Casanova et al. 2004).

Studied species

Bursera morelensis is a dioecious endemic tree that reaches between 3 and 10 m tall, and
produces an aromatic resin. Locally it is known as copalillo, cuajiote rojo, palo mulato,
palo colorado or xixiote (Rzedowski et al. 2004). It is a representative species of the
tropical dry forests of Guerrero, Morelos, Puebla and Oaxaca where along with other
burseras forms forests known locally as “Cuajiotales” (Reyes et al. 2004, Becerra 2005).
Their fruits are trivalvated. Flowering in the Tehuacan Valley occurs after the first rains
(May). Two weeks later immature fruits are completely formed and when fully grown
change from green to red while maturing. Fruits measure 7.42 £ 0.47 cm mean long by
6.34 £ 0.8 cm mean wide and weigh 0.48 + 0.03 g. They have a complete orange
pseudoarile. In parthenocarpic fruits orange pseudoarile is not complete. Seeds are gray

dotted with black while in parthenocarpic fruits seed coat are not completely formed and

41



remain white. Fruit maturation is asynchronic and occurs during the dry season (between
November and May). During this season fruits in trees can be separated into seeded fruit
(presenting complete dehiscence), parthenocarpic fruits (with incomplete dehiscence) and

immature (unripe) fruits (Ramos-Ordoiiez et al. 2008).

Produced crop

To estimate total fruit crop we used 23 female trees of 40 individuals selected at random
in the cuajiotal and fouquerial. In each tree we selected four branches (of similar
diameter) at random and counted the number of fruits on each branch. Mean fruits per
branch times the number of branches equalled total crop per tree. This procedure was
repeated monthly from May 2006 to May 2007. To estimate size of trees and their ability
to produce fruits, we measured the diameter at breast height of each individual (Bullock
and Solis-Magallanes 1990, Chapman et al. 1994).

To estimate the parthenocarpic crop we collected at random 50 fruits from each of the 23
trees (n= 1150 fruits) during January 2007 when most of the seeds were developing. Fruit
were dissected and the proportion of parthenocarpic, seeded and insect-infested fruits was
calculated. The total crop and parthenocarpic crop were correlated during the observation

period.

Parthenocarpy as attraction unit for bird dispersers
To determine the relation between total crop and bird visitation and seed removal we did
focal observations from December 2006 to February 2007. We used the 23 female trees

in which the crop size was calculated. In three randomly chosen trees we observed bird
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visitations during peak periods of bird activity according to Foster (1990): from 07:00 to
13:00 h and from 16:00 to 18:00 h. We did not observe on windy or rainy days. We
registered bird species, the number of visits, and the number of fruits consumed during
each visit. One or two observers made observations and total observation time was 92
hours (4 hours/tree in 23 trees). To explore if number of visits was related with total crop
and parthenocarpic crop sizes in each tree using lineal regression analysis and the
Pearson coefficient (r) with a significance level of 0.05. Statistical analysis was done

using SPSS version 12 (SPSS 2003) and XLSTAT version 2007.8.04 (Addinsoft 2007).

Seed predation
Field procedures
Of the 23 trees in which the size crop was calculated we selected 12 trees at random, in
order to know the type fruit removed by birds, we counted and marked in the branches
the number of fruits with seed and parthenocarpic, in at least an 80% of the tree
(according to observed dehiscence; Ramos-Ordofiez et al. 2008), fruits were counted
before observations. Focal observations were done from 07:00 to 13:00 h, from March to
May 2007 for a total of 156 hours (13 hours/tree for 12 trees). We registered bird species,
number of visits, number of fruits ingested and type of consumed fruit (with seed or
parthenocarpic). During observations, a person registered the activity of the bird and a
second observer confirmed the type of removed fruit once the bird went away of the tree.
A bird was considered as granivorous when in a captive field experiment done in
the area, seeds that were ingested were found destroyed in excretions (Ramos-Ordofiez in

prep.). We calculated number of fruits removed by each species and number of fruits with
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a predated seed. We compared predation among species using a Kruskal-Wallis test with
significance level corrected by Bonferroni. We correlated number of seeded fruits with
total crop as well as parthenocarpic fruits. To evaluate seed predation and its relation with
parthenocarpy we correlated the number of seeded predated fruits and parthenocarpic
fruits removed with parthenocarpic crop size. To determine if individual predation
probability is reduced by having parthenocarpic fruits we divided seeded crop by total
crop, results were correlated with parthenocarpic crop per individual. All correlations

were analyzed using lineal regressions, calculating Pearson Coefficient (r) with a

significance level of 0.05.

Field Captivity Experiment

To determine if the different bird species preferred one fruit type (parthenocarpic vs.
seeded) we conducted a field experiment from March to May 2007. We captured 11
granivorous birds using 10 nets (12m x 2.6m, 9m x 2.6m and 6m x 2.6m) in sites around
B. morelensis trees for a total of 28 days (14 d in March, 11 d in April and 3 d in May).
Nets were opened for 10 hours per day resulting in a total of 2220 net hours and 218.4
m2. Captured birds were placed in individual cagesdida asatica, n = 3;Aimophila
mystacalis, n = 1;Pheucticus chrysopeplus, n = 3;Passerina versicolor, n = 1,

Carpodacus mexicanus, n = 3). We offered mature seeded fruits, parthenocarpic fruits,
and immature fruits in different proportions resembling measured proportions in trees: (a)
33%:33%:33% (n =30), (b) 40%:40%:20% (n =25), (c) 40%:20%:40% (n =25), (d)
20%:40%:40% (n =25) and, (e) 0%:50%:50% (n =20). Experiments were done during

mornings and lasted one hour. We registered fruit type selected by different birds, and
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whether it was ingested or rejected. After trials birds were fed using commercial food
(Trill) and soft fruit. For each bird we did three trials. With the data obtained we
measured the number of seeded fruits consumed and correlated with different proportions

offered.

RESULTS

Fruit Production

Trees produced a mean of 8743 + 6057 (mean values and standard deviation are
presented) fruits between December 2006 and February 2007 (range 654 - 23484, n = 23
trees). Bigger trees produced higher fruit numbers@.612, df = 22P = 0.002, Table

1). Fruits dissected showed that all trees produced parthenocarpic fruits with percentage
between 11.76% and 52.73% of the total crop (Table 1). Mean parthenocarpic crop was
2876 + 2457 fruits (range 249 — 10932). The number of parthenocarpic fruits increased as
total crop increased € 0.91, df = 22P < 0.0001), but no correlation was found when

we compared the proportion of parthenocarpic fruits to total fruit erep@.012, df =

22,P > 0.95, Fig. 1).

Attraction unit and visitation rates

We registered 15 bird species visiting Bianorelensis trees, but only 13 fed on fruits,

with 66.6% of them being migrants. In Table 1 we present the total fruit crop, fruits
removed (n = 503) and number of bird visits (n = 643) for each of the 23 observed trees.
In trees with bigger crops more fruits were removed.796, df = 22P < 0.0001, Fig.

2). The number of visits was not related with total crop sized(343, df = 22P > 0.05,

45



Fig. 2). Not all of the bird visits resulted in fruit consumption. Trees were also used as
resting or preening sites. All bird species, both dispersers and seed predators, first visited
a large number of fruits on different branches and then consumed them. All bird species
consumed mature and parthenocarpic fruits.

The number of fruits removed by birds increased with the number of parthenocarpic

fruits (r = 0.708, df = 22P = 0.00015, Fig. 3). Visitation rate also increased as the

number of parthenocarpic fruits increased 0.634, df = 22P = 0.001, Fig 3).

Seed Predation

Field tests

Mean number of fruits per observed tree was 10976 + 3693 (range 4992 — 19441 fruits, n
= 12). Mean number of parthenocarpic fruits per tree was 3428 + 1585 fruits (range 587 —
5828 fruits, n = 12). We registered 13 bird species feedirg) oworelensis that removed

559 fruits in 356 visits. Frugivorous birds removed more fruits (427 fruits), with only
8.89% being parthenocarpic (38 fruits) and almost all of them were rejected and dropped
(23 fruits). Granivorous birds removed 132 fruits (23.61%) of all, 67.42% (89 fruits)
containing seed and were predated, the rest were parthenocarpic (43 fruits). Seed
predators selected a mean of 35.68 + 14.31 parthenocarpic fruits, but not all of them were
consumed (Table 2)Passerina versicolor selected a small amount of seedless fruits
(18.18%) consuming all of ther®heucticus chrysopeplus selected 55.56% of

parthenocarpic fruits but rejected 20% of them, whéeaida asiatica selected 32.43%

of parthenocarpic fruits and rejected 83.33%. Bird species that consumed more seeds

were Carpodacus mexicanus (33.7%),Z. asatica (28.1%) andAimophila mystacalis
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(19.1%). Small species consumed more seeded fruits that largeHon&s984, df =1P
= 0.05).
Number seeded fruits removed by granivorous birds (seed predation), was lower
in trees with a higher proportion of parthenocarpic fruits {0.699, df = 12P = 0.008,
Fig. 4). Also seed predation was lower as the number of parthenocarpic fruits increased
but the relation was not significamt= -0.345, df = 12P = 0.249). Seed predation was
not correlated with crop size € 0.122, df = 12P > 0.05, Fig. 5). Individual probability
of predation decreased as the number of parthenocarpic fruits incneas€d795, df =

12,P = 0.05, Fig. 6).

Captivity experiments

Granivorous birds consumed mature seeded and parthenocarpic fruits and rejected
immature fruits (Table 3). They preferred fruits with seeds to parthenocarpic ones. When
proportion of seeded/parthenocarpic was equal or higher for parthenocarpic birds
consumed both fruit types in equal amounts. As the proportion of parthenocarpic fruits

increased less seeds were predated (r =-0.777, P = 0.001, df = 14, Fig. 7).

DISCUSSION

Number of removed fruits in trees Bf morelensis was positively related with total fruit

crop size as predicted by other works (Snow 1971, McKey 1975, Howe and Estabrook

1977). Moreover, we documented that bird visitation rates increased as parthenocarpic

crop size increased as predicted by Obeso (1996).
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Parthenocarpic fruits increased fruit crop size and this increased bird visitation. This can
be related to an increment in the attraction unit due to a greater display of color due to
density as stated by others (Wilson and Melampy 1983, Wilson and Hoppes 1986,
Willson et al. 1990, Facelli 1993, Fuentes 1995). Both parthenocarpic and seeded mature
fruits have an orange pseudoarile that contrast with background coloration (Ramos-
Ordofiez et al. 2008). Parthenocarpic fruits dehisce partially and contribute to attraction
exposing pseudoarile by a density of color increment effect (van der Pijl 1982).

Birds inspected fruits on branches before removing them but also manipulated removed
fruits rejecting and ingesting different amounts of fruit types. Jordano (1990) described
this behavior irCarduelis chloris which manipulated fruits detecting seeds and rejected
parthenocarpic ones.

Frugivorous birds apparently were more selective than the granivorous birds, choosing
more fruits with seeds. Most of them were migrants that needed a lot of lipids to cover
their energetic needs (Janzen 1977, Bates 1992, Greemberg et al. 1995, McCarty et al.
2002, Ramos-Ordofiez en prep.). Pseudoariles are known as structures that contain high
amounts of lipids (Foster and McDiarmind 1983). Seeded fruis nnorelensis showed

a complete dehiscence exposing all the pseudoarile probably increasing attractiveness to
frugivorous birds.

Verdu & Garcia-Fayos (2001) proposed that birds facing a plant with a high proportion of
parthenocarpic fruits can fly away and search for another plant with more seeded fruits
but the cost of this can be high if i) the density of female plants is low and ii) the
proportion of parthenocarpic fruits present in trees in the population is similar among

them. In our study, of the 40 trees chosen 23 were female. The proportion of
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parthenocarpic fruits in 23 trees varied between 11 and 52%, but was independent of the
total crop size as shown in Fig. 1, making the decision of flying away and searching for
another tree a non-profitable choice as stated by Verdu and Garcia-Fayos (2001).

Parthenocarpy decreases seed predation as proposed by Fuentes and Schupp
(1998) and Verdu and Garcia-Fayos (2001). This is the first attempt to evaluate the
number of parthenocarpic and seeded fruits removed in relation to fruit crop size.
According to Janzen (1971a, 1971b), to consider parthenocarpy as an adaptation to avoid
seed predation two conditions must be met: i) first, it must occur early in the ontogenesis
of fruit development to minimize the cost for the plant and ii) the number of predated
seeds must not be correlated with fruit crop size. Both aspects are met in theBcase of
morelensis. The development of parthenocarpic fruits begins during the first days after
pollination and they lack calcium oxalate crystals which are present in the seeded fruits
thus being less costly (Ramos-Ordofiez et al. 2008). Besides, as it was shown in Fig. 5,
the number of seeds predated was not correlated with total fruit crop size. This reinforces
the idea of the ecological function of parthenocarpy as a mechanism to decrease seed
predation probability as was reported Ristacia lentiscus, a plant from the

Anacardiaceae family, closely related to Burseraceae (Verdu and Garcia-Fayos (2001).
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Tables

Table 1. Total crop size, diameter at breast height (DBH), percentage of parthenocarpic
fruit, parthenocarpy crop size, number of removed fruits and number of bird visits
registered in the 23 female trees observed in the Tehuacan Valley. Data were sorted

ascending according to total fruit crop size. Observation effort was 92 hours (4 h/tree).

Parthenocarpic crop  Number of No. of
Treeid DBH (cm) Crop size
size (% total crop) removed fruits  visits

9 169 654 249 (38) 0 36
1 35 1027 542 (52.73) 0 26
15 88.5 1752 553 (31.58) 1 34
2 43 2358 854 (36.21) 0 26
3 44 2620 939 (35.85) 9 29
5 50.5 3552 1052 (29.63) 2 6

4 45.5 3744 1270 (33.93) 13 31
6 54.5 4320 1549 (35.85) 19 33
14 87.9 4992 587 (11.76) 11 7

7 64 8060 2183 (27.08) 37 18
13 84 8151 2223 (27.27) 41 11
19 110.3 8280 2855 (34.62) 21 44
8 65.5 8418 2020 (24) 2 6

22 169 9768 3712 (38) 36 23
12 81.5 10892 4357 (40) 44 46
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Table 2. Granivorous bird species detected consuming frugsredéra morelensis, and

types of fruits consumed. Data were sorted by the number of fruits removed.

Removed % seeded

%

%

Number

Species parthenocarpic parthenocarpic of visits
fruits fruits
fruits fruits rejected

Carpodacus mexicanus 44 68.18 31.82 42.86 21
Zenaida asiatica 37 67.57 32.43 83.33 23
Aimophila mystacalis 23 73.91 26.09 16.67 22
Passerina versicolor 11 81.82 18.18 0 19
Pheucticus chrysopeplus 9 44.44 55.56 20 14
Columbina passerina 8 50 50 25 18
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Table 3. Number of fruits with seeds, parthenocarpic and immature fridts of

morelensis consumed by five granivorous birds in captive conditions.

Proportion of offered fruits

Consumed Fruits

seeded : parthenocarpic : immature seeded parthenocarpic immature
00% : 50% : 50% 0 42 0
20% : 40% : 40% 67 60 0
33% : 33% : 33% 131 62 0
40% : 40% : 20% 135 71 0
40% : 20% : 40% 136 15 0
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Fig. 1. Regression analysis and Pearson’s correlation (r) between the proportion of

parthenocarpic fruits with respect to total crop in 23 tre&s pforelensis in the

Tehuacéan Valley.

Removed frutis (number
D
o
|

5000

Total crop (number of fruits)

10000

b)
a) 80 .
ot
. g 60 T .
g 50 . . ®
5 40 ”. . .
r=0796 @ 301,%s* . r=0.343
P<0.0001 & 20 . ' . *P >0.05
df = 22 0+ L, df = 22
1 1 | 0 1 1 | | |
15000 20000 25000 0 5000 10000 15000 20000 25000

Total crop (number of fruits)

Fig. 2. Regression analysis and Pearson’s correlation (r) between the number of removed

fruits (a) and visits realized (b) with respect to total crop in 23 treBsrodrelensis in

the Tehuacén Valley.
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CAPITULO IV.

Avian frugivores and seed dispersal of Bursera morelensigBur ser aceae)
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We evaluated the seed dispersal process by frugivorous birds that fBadsera

morelensisan endemic species of Mexico that produces seeded and parthenocarpic fruits.
We measured the abundance of dispersers, the amount of dispersed seeds and the quality
of the dispersion (effect of endozoochory and sites of greater recruitment of seedlings).
We registered 13 species of birds feeding, from which six were seed predators. The
resident birds and the local migratories presented small rates of seed removal and
visitation compared with the long distance migratory species. The more effective species
were four flycatchers (genddyiarchug that took a large amount of seeds to the types of
vegetation with greater seed recruitment and deposited them under nurse trees and
shrubs. Most of the resident species were not as effective dispersers as migratory birds,
and visited a wider array of available fruiting trees. Factors that can uncouple the
temporal and spatial occurrence of migrant dispersers and fruits, as global climate

change, can have important effects in both bird and plant survival and conservation.

Key Words. Bursera morelensjdrugivorous birds; parthenocarpy; seed dispersal.
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For those species in which seedling establishment depends on facilitative
interactions and suitable soil properties in heterogeneous landscapes such as alluvial fans,
seed dispersal is a key process responsible for their successful establishment (Steenbergh
and Lowe, 1969; Valiente-Banuet and Ezcurra, 1991; Godinez-Alvarez et al., 1999, 2002;
Nogales et al., 2005; Spiegel and Nathan, 2007). In these environments, soils are highly
variable depending on age of deposition of alluvium leading to a differential distribution
of species (McAuliffe, 1988). Different studies have shown that, depending on deposit
age, soils exert a considerable effect on hydric properties and availability for plants
leading to vegetation mosaic characterized by differences in species composition and
therefore in suitability differences in species recruitment over the landscape.
Consequently, seed dispersal effectiveness of frugivores depends on the quantity of seeds
removed (quantity component), the foraging behavior pre and post ingestion (i.e. if they
move seeds under specific soil patches and under the shade of nurse plants), and
differential effects on seeds after passing through their digestive system (quality
component) (Jordano, 1992; Schupp, 1993; Loiselle and Blake, 1999; Godinez-Alvarez et
al., 2002).

The genuBBurserg is a tropical group of plants distributed only in America whit
its center of diversity in the Balsas River Basin and the Tehuacan Valley (Rzedowski et
al., 2004). In the Tehuacan-Cuicatlan Valley, these species only recruit beneath the
canopy of perennial plants (Valiente-Banuet and Verdu, 2007) and have a differential
distribution on four different alluvial deposits in the Muchil alluvial fan located in

southern part of the valley.
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The purpose of this work was to describe seed dispersal by frugivorous birds in
Bursera morelensig Mexican endemic and parthenocarpic tree, examining some phases
of the process, as the amount of removed seeds and visits realized by frugivores, the
effect of seed passage through digestive tract on the percentage and velocity of seed
germination, and probability of seed deposition in favorable sites for establishment,
considering that in arid lands, seed dispersion and plant establishment have been
recognized as keystone processes for plant conservation (Valiente-Banuet et al., 1991a,;

1991b; 2006; Godinez-Alvarez et al., 2002).

MATHERIALS AND METHODS

Study area —Study area was located at Barranca de Muchil in San Rafael Coxcatlan, in
the southwestern part of the Tehuacan Valley Puebla, México (18° 12’ & 18° 14’ N; 97°
07’ & 97° 09’ W). Mean altitude was 1000 m a.s.l. Climate is dry with summer rains
(Fernandez, 1999). Mean annual temperature is 25°C and mean annual rainfall 394.6
mm, with a long dry season lasting from November till May and a rainy season from
June to October. It is an alluvial fan where vegetation is a tropical dry forest where 57
species of flowering plants are described (Fernandez, 1999). It has a high heterogeneity
on soil types (Medina, 2000), that generates four surfaces with different vegetation
associations: the “Fouquerial” dominated Bguqgueria formosaunt, the “Cuajiotal’
dominated byBursera morelensiRamirez, the “Chiotillal” dominated Hyscontria

chiotilla (Weber) Rose and the so called “Cardonal” dominateédahycereus weberi

(Coulter) Buxb. (Medina, 2000; Rios-Casanova et al., 2004).
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Studied species -Bursera morelensis a dioecious endemic tree that reaches between
3 and 10 m height, with abundant aromatic resins. It is a representative species of the
tropical dry forests of the states of Guerrero, Morelos, Puebla and Oaxaca where alone
with otherBurseraspecies form the so called “Cuajiotales” where those trees form the
dominant elements of the forests (Reyes et al., 2004; Becerra, 2005). Flowering occurs
with the first rains of the season between May and June. Fruits are trivalvated. The ovule
in this species remains without changes for between 5 and 8 months after pollination,
then the embryo develops (Ramos-Ordofiez et al., 2008).

Fruit crop size was 8743 £ 6057 (range 654 - 23484, n = 23 trees; measured from
May 2006 to May 2007, Ramos-Ordofiez et al., 2008). Between 9 and 52% of the crop
was parthenocarpic, 3.05+0.89 % (range 0 — 18 %) of this fruits were parasited by wasps
(Hymenoptera: Chalcidoidea) and flies (Diptera: Cecidomiidae) (Ramos-Ordofiez et al.,
2008). Unripe fruits were green, both seeded and parthenocarpic. Mature fruits were red
and measured 7.42 £ 0.47 cm long by 6.34 £ 0.8 cm wide, with a fresh weight of 0.48 £
0.03 gr. Seeded fruits had a complete orange pseudoarile while parthenocarpic fruit
presented an incomplete pseudoarile. Seeds in seeded fruits were gray dotted with black
while in the parthenocarpic fruits seed did not developed and remained whitish. Fruit
maturation was asyncronic during dry season (November to May). During maturation
fruits can be separated in trees as mature seeded (with complete dehiscence), mature
parthenocarpic (with incomplete dehiscence) and immature (without dehiscence)

(Ramos-Ordofiez et al., 2008).
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Seed dispersal —Fhe quantity component of effectiveness was calculated using the
abundance of species, the visitation frequency and the mean number of fruits removed
per visitation. The quality component only was estimated as the percentage of seeds
germinating after passing through the bird digestive system and the frequency of flights
to the different vegetation types in the area. In the same way, a survey was conducted to
determine the nurse plants and sites where successful establishBergesa
morelensioccurred. Effectiviveness was calculated as the product of the quantity and
guality components using the following components:

E = (bird abundance * visitation frequency * mean number of fruits removed by
visit) (% germination * frequency of flight to specific vegetation types * importance of
the birds in the site of establishment)

Quantity Component

1. Bird abundance— To calculate bird abundance we used 10 mist nets (12m x 2.6m, 9m
X 2.6m & 6m x 2.6m) located amolyrsera morelensisom December 2006 until

April 2007 for a total of 37 net days (4 d December, 3 d January, 5 d February, 14 March
and 11 d April) and 3160 h/net (Fleming et al., 1972; Amin, 1996). Relative abundance
was calculated as the number of individuals captured by net hour.

2. Visitation rates and fruit removal rates To obtain visitation frequency and fruits
removed per visit we conducted observations using binoculars to 12 randomly chosen
trees bearing mature fruits (in cuajiotal and chiotillal), from March to May 2007.
Observations were done during the mornings (0700-1400) and afternoons (1600-1900)
using one hour observation periods totaling 156 observation hours (13 hours/tree). We

registered the species of frugivores visiting studied trees, and for each frugivore species
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number of individuals per visit, total visitation time, number of visits, number of ingested
fruits, type of the ingested fruit (with seed or parthenocarpic) total manipulation time (in
seconds counted from initial touch of the fruit until ingestion), way of ingesting the fruit
(if swallow fruits whole or mashing the fruit with the bill), type of plant to where they fly
(tree, shrub or cacti) and vegetation type. Frugivore species were identified using field
guides (Peterson and Chalif 1989; Howell and Webb 1995).

In order to quantify the number of seeded vs. parthenocarpic fruits removed we
marked 80% of the fruit crop of individual trees distinguishing fruit types by observing
dehiscence (full dehiscence mature seeded fruit, incomplete dehiscence mature
parthenocarpic fruit). During observations we used an additional observer to verify the
type of fruit removed by inspecting the previously marked fruits. Using only seeded fruits
consumed we calculated the visitation time, the number of removed fruits per visit and
per individual, the number of fruits removed by minute and the time of manipulation. All
values are presented as mean and standard error.

Additionally we used the abundance-based coverage estimator (ACE), proponed by

Collwell (2006) to estimate the total number of visitor species.

Quality Component—

1. Seed germination- To determine the proportion and the velocity of seed germination
after passing through the bird digestive system, we used seeds excreted by the different
captured birds. All captured birds were placed in individual cloth sacs for 30 min to
collect their fecesZenaida asiatican==3, Melanerpes hypopolius=7,Myiarchus nuttingi

n=2, M. tuberculifern =1,M. tyrannulusn=1, Aimophila mystacalie=1, Pheucticus
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chrysopeplu$=3,P. versicolorn=1, Icterus pustulatus=2, Carpodacus mexicanus
n=3). Then birds were placed in individual cages (2 x 1 x 1 m and 60 x 40 x 30 cm)
where were feed using mature fruitsBofmorelensisBirds were kept in cages for at
most two days. During the experimental procedure we measured total time of seeds
passing through the bird digestive system, measured since seeds were ingested until they
were defecated or regurgitated.
We also searched for feces of non-flying animals in the study area to sedch for
morelensiseeds. Feces were identified using Aranda (2000) field guide.
Seeds obtained from feces or from fruits were tested for viability using a flotation test
(Lépez et al., 2005) to determine the proportion of viable seeds. Seeds were washed using
sodium hypochlorite (10%) and imbibed (Andrés-Hernandez and Espinosa-Organista,
2002; Lépez et al., 2005). Then seeds were sown in Petri dishes with filtered paper
(Whatman No. 1; Whatman, Chifton, New Jersey, USA) moistened with distilled water
following the treatments:

a) Control 1: seeds obtained from trees with the pseudoarile attached

b) Control 2: seeds obtained from trees without the pseudoarile

c) Seeds that passed through the digestive system of the different visitor species.
Number of seeds per dish was variable, depending on defecated seeds availability, but a
maximum of 15 seeds per dish was used. Germination experiments were done in the field
placing individual dishes under nurse tre&sgciaspp. andMimosaspp.), covered with
a protection metallic mesh cage and surrounded by a commercial poison for ants
(Furidon) to avoid predation. Viable seeds that did not germinate were tested using

Tetrazolium (Rivas, 1993; Lépez et al., 2005).
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Cages were revised daily registering number of germinated seeds. The criterion to
consider a seed germinated was radicle emergence (Rivas, 1993). We evaluated by means
of one-way ANOVA if there were significant differences in the percentage of

germination of the seeds that passed through gut of the birds and the controls, the
normality of the data was verified with Kolmogorov-Smirnov test. We calculated the
average rate of germination (ARG) for each group using formula ARG =
(N1T1+N2T2+...+NnTn) / (N1+N2+...+Nn). Where N1 is the number of seeds

germinated in the day 1 or T1, N2 is the number of germinated seeds in the time interval
T1 and T2. We compared the rates of germination by means of a one-way ANOVA using
data transformed to arcsin square root. We used models of logistic regression to construct
the curves of germination of seeds obtained in each group. All analyses were done using
Simfit version 5.7.2 (Bardsley, 2007).

2. Frequency of flight to specific vegetation typed/e evaluate the frequency of

visitation to each vegetation type using a contingency table. The null hypothesis
considered an equal number of visits to each vegetation unit. Standardized residuals were
used to test for preferential use of vegetation units where recruitment was better. We
analyzed the residuals of the test to determine that species go most frequently to each
type of vegetation after feeding. A similar analysis was done with visitation after

ingesting fruits oB. morelensi®f trees, shrubs and columnar cacti to determine the
probability with which the birds deposit the seeds under nurse plants.

3. Importance of the birds in the site of establishmento determine favorable

recruitment sites for seedlings®f morelensisve registered the presence of young

plants in the four vegetation associations recognized for the study (Medina, 2000). We
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used 12 plots of 15 x 10 m (3 plots per each vegetation unit) where all the non
reproductive plants d. morelensisvere recorded.

We analyzed the importance of the birds at each site using the residual analysis.
We established an importance rank (IR) to determine that species make more flights to
the sites of greater recruitment, so that to the species that flown most frequently to the

site of greater recruitment of seedlings we assigned value 1, and so on.

RESULTS

Quantity Component- We registered only13 bird species feeding on the fruits of
B. morelensisbeing 61.5% long distance migrants (birds that migrate from North
America to Center and South America, TableMglanerpes hypopolivandMyiarchus
nuttingi were the species with the highest relative abundance followktyiaychus
tyrannulusandPasserina versicolofTable 1). Visitation frequency and number of fruits
removed are shown in Table 2. Four species of the ddwaschuswere responsible for
the 50.56% of the total visits (n= 356) consuming 72.17% of the fruits removed (n= 478).
Visitation rates were higher fdd. nuttingi (0.315 visits/h), than favl. cinerascens
(0.199 visits/h)M. tyrannulus(0.193 visits/h) and. tuberculifer(0.185 visits/h). The
longer visits were done [enaida asiaticd6.76 + 2.05 min) an@arpodacus
mexicanug4.42 £ 1.19 min).

Many of the birds visited trees individually except Rireucticus chrysopeplus
andlcterus pustulatushat visited in pairs and. Asiaticathat visited in groups of two to

three individuals. From the total removed fruits (n = 559), 85.5% (478 fruits) were seeded
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fruits being the rest parthenocarpic. Most of the seeded fruits were remoied by
nuttingi (34.72%), followed by Mtuberculifer(13.59%) andV. tyrannulus(12.13%).
The species that removed more fruits per visit Magyrannulug2.91 + 0.63), followed
by M. nuttingiandM. tuberculifer(2.41 + 0.29 and 2.06 + 0.31 fruits per visit

respectively). According to ACE predictions, we detected 93% of all predicted visitors

(Fig.1).

Quality Component—

1. Seed germinatior- Seeds ingested by ersicolor, C. mexicanus, A.
mystacalis, Z. asiaticandP. chrysopeplusvere partially or completely destroyed. In the
feces ofC. passerinave did not found seeds or seed parts. All of the above species were
considered as seed predators herein.
Average passing time of seeds through birds guts were 47.64 £+ 10.84 minutes (mean and
standard deviation; range 11-121 minutes, n = 22 birds). The presence of a pseudoaril
around the seeds had a severe effect on seed germination. Seeds covered by the
pseudoaril did not germinate in the 30 days observed (n=80), compared with uncovered
seeds that germinated in full (n=80). The percentage of seeds that germinated after
passing through the bird’s gut was different significantly form the covered seeds (control
1) (Fs, 18=3.8,P =0.01). The percentage of germination of defecated seeds obtained for
flycatchersM. nuttingi(17.5%),M. tuberculifer(17.5%),M. tyrannulus(15%) and the
oriolel. pustulatug22.5%), were the highest. The seeds defecated by the woodpecker
hypopoliushad the lower germination percentage (12.6%), but no species differed from

manually uncovered seeds (control 2, 13.8%),16= 71.21,P = 0.622). For all species

73



the estimated average germination rates varied from 1.0 to 3.6 germinated seeds per day,
not differing from manually uncovered seelig {o= 51.7,P = 0.675). Germination
happened quickly in the first five days (Fig. 2).

2. Frequency of flight to specific vegetation typed\fter ingesting the fruits,
birds used vegetation units in different wayé € 48.4, df = 12, P < 0.001), being the
more visited unit the fouquerial (31.3%), followed by the chiotillal (24.17%), the
cuajiotal (22.54%) and lesser in the cardonal (19.2%) (Fidd 3puttingimade more
flights than expected to the four types, fouquerial (11.54%), cuajiotal (9.34%), chiotillal
(6.59%) and cardonal (4.95%). cinerascensised more than expected the fouquerial
(9.34%), chiotillal (7.69%) and cuajiotal (4.94%). tuberculiferused the fouquerial and
chiotillal as expected (4.94% and 4.39% respectively) but made less flights to the
cuajiotal and cardonal (3.29% and 2.19%jpustulatusused like expected the cardonal
(4.39%) anaVl. tyrannulusused less than expected all the vegetation units (1.09% to
3.84%). FinallyM. hypopoliusused only the cardonal and chiotillal (1.64% and 1.1%
respectively). Birds used mostly trees (51.1%) and shrubs (45.6%) as perching sites after
consuming fruits oB. morelensisOnly 3.29% used columnar cacti as perching sites
(only M. hypopoliusandl. pustulatus.

3. Importance of the birds in the site of establishrerih 1800 Msurveyed we
found only 8 individuals oB. morelensiseedlings and young plants with a mean height
of 22.3 £ 17.5 cm, a very low density (0.044 ind/m?). All seedlings were associated with
shrubs or small trees, none were found in the open space or beneath columnar cacti. The

vegetation unit that was more important Bormorelensisecruitment was the cuajiotal
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(0.011 individuos/rf) followed by the chiotillal (0.004 individuosfi fouquerial (0.002
individuos/nf) and at the end the cardonal where no recruitments were found.
In agreement with the frequency of flight and results of recruitment, the more important
species wabl. nuttingi (IR = 1), followed byM. cinerascengIR = 0.8),M. tuberculifer
(IR =0.6),l. pustulatugIR = 0.4),M. tyrannulus(IR = 0.2) andM. hypopoliugIR =
0.1).

4. Effectiveness index We were able to calculate effectiveness of 12 from the
13 species registered as visitor8oimorelensigTable 3). The most effective species
wasM. nuttingi followed byM. tuberculifer M. tyrannulusandl. pustulatus The
effectiveness of six species was zero because seeds were destroyed by gut passage.
Finally the effectivity ofP. scalaris(0.00019) was doubtful because of scarcity of

defecated seeds and preference of columnar cacti as perching sites.

DISCUSSION

In spite of the more than 100 species of the gBuiseradescribed (Espinosa et
al., 2006) and their widespread uses by humans (Reyes et al., 2004) this is the first
attempt to describe seed dispersal for the gdhusorelensiss a dioecious
parthenocarpic plant (Ramos-Ordofiez et al., 2008) where fruit consumers removed few
parthenocarpic fruits. Except farpustulatusandM. hypopoliusup to 90% of the fruit
consumed were seeded fruits and of the few parthenocarpic fruits that were selected

between 64 and 100% were rejected after manipulation.
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The quantity of seeds dispersed was affected by several factors such as migratory
status, diet, reproductive season and abundance. Resident and local migrants showed the
lower visitation and removal rates. MigrantdvisnuttingiandM. cinerascensemoved
the highest quantity of fruit using short foraging tim@smorelensisepresented an
important part of the winter diet of those species as it has been reported for other birds
foraging onBursera(Bates, 1992; Greemberg et al., 1995). In this genus, the pseudoaril
has high lipid content (Foster and McDiarmind, 1983), and fruits are available during
winter when migrant birds have high energetic demands (Janzen, 1977; Bairlein, 1990;
Bairlein and Gwinner, 1994; Parrish, 1997; McCarty et al., 2002).

The presence of other fruiting plants in the vicinity was another possible cause of
the lower visitation rates of the residents. Several species were observed fruiting
simultaneously with our study plant and some birdslaBypopoliusandP. scalaris
concentrated their activities on those plants such as the columnarRachysereus
weberibeing less common d. morelensisin the feces of capturéd. hypopoliusa lot
of seeds oBursera apteravere found. The interactions between plant phenologies in a
neighborhood is an important factor that can trigger visitation and removal rates, the
inclusion of other elements in the bird’s diet can also be another cause of low visitation
rates (Moermond and Denslow, 1985; Howe, 1986; Foster, 1990; Sargent, 1990; Jordano,
1992; Garcia et al., 2001; Saracco et al., 2005). In addition, breeding activities in resident
species can diminish visitation rates due mainly to changes in bird’s diet, including more
insects as a source of proteins for chicks (Koutsos et al., 2001). We could document
courtship behavior iR. chrysopepluand the presence of chicksRfscalarisin the

areaat the same time our study was done.
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Visitation time can affect the quality of the dispersal effectiveness. Birds that
spend longer periods in the plant where they feed, generally leave seeds under the shade
of parent plant increasing therefore the probability that they are depredated by a density
effect (Wheelwright, 1991). In this study, passing time through the bird’s gut varied
between 11 and 120 minutes with a mean of 47.64 + 10.84. The visits did not exceeded
10 min and, in general, birds did not defecate or regurgitated in these periods, suggesting
that seeds were transported in the digestive tract to sites far away from the parent tree.

In this study we observed that the removal of the pseudoarile was necessary for seeds to
germinate, supporting the presence of substances in the pulp that can inhibit germination
and the need of this elimination by the pass through the gut of dispersers (Cipollini and
Levey, 1997; Yagihashi et al., 1999; Figueroa and Castro, 2002). The similarity between
the average rates of germination of the nude seeds and defecated, suggest that seed coat
does not need scarification to germinate (Barnea et al., 1990). In many plants, seeds in
intact fruits may lose their viability during pulp decomposition by attack of fungal or
bacterial pathogens and seed predators (Webb and Willson, 1985; Willson and Whelan,
1990). The rapid germination Bf morelensiseeds may contribute to seed survival as

an strategy for temporal escape from seed predators (Janzen, 1971; Curran and Webb,
2000).

The probability os a seed to be deposited in a particular site varied depending of
disperser species. The woodpedkemhypopoliusused as perching sites columnar cacti
located in the chiotillal and cardonal, species were we did not find young pldhts of
morelensis This suggests that besides presenting a low quantity, the quality of the

dispersion of this species was also low (Godinez-Alvarez, et al., 2002). The four
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flycatchers, used trees and shrubs after feeding, under which the facilitation is a key
process, mainly in arid and semiarid environments (McAuliffe, 1988; Valiente, 1991;
Aguiar et al., 1992; Vetaas, 1992; Callaway, 1995; Franco-Pizafa et al., 1996; Pugnaire
et al., 1996; Valiente-Banuet et al., 2006; Valiente-Banuet and Verdua, 2007). The
flycatchersM. nuttingiandM. cinerascengresented the highest effectiveness because
the frequency of visits, removal rates and the seed deposition probability under nurse
plants.

Although we observed high rates of seed removal and high abundance of the
dispersers in cuajiotal and chiotillal, the recruitmerB omorelensisvas very low (eight
young plants in 1800t Fernandez (1999), says tiBatmorelensiss an abundant
species only in one of the four levels of the alluvial fan of the Barranca de Muchil, and
mentions that this situation is not attributable to processes of dispersion of the species,
but that is associated to abiotic elements as soil type. In this Blushgrelensisvas
found recruiting under the shade of nurse plants in three of the four vegetation units in the
area. The presence of seedlings in the cuajiotal, chiotillal and fouquerial could be
attributed to the activity of the dispersers birds, however the low recruitment in the three
levels can be more related to the soil type where seeds germinate. A combined action of
particular edaphic conditions and vegetation association may limit plant development,
possibly affecting their ability of permanence in the site (Silva, 1996; Fernandez, 1999).
It is necessary to make field experiments to determine nurse plants and their effect upon
seed recruitment and establishment in the four vegetation associations to determine better

the dispersal effectiveness for all the birds using this plant (Schupp 1993).
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Factors affecting the timing of migration and fruiting can have important effects
on bird and plant conservation. Global climate change can cause changes in plant
phenology that can uncouple important interactions such as pollination and seed dispersal
causing declines and extintion of colonization of new sites (McCarty, 2001; Primack and
Miao, 2002; Crick, 2004). Migration timing can also be affected and changes have

already being described (Cotton, 2003; Jenni and Kery, 2003).
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TABLES

Table 1. Relative abundance (number of individuasur” - net’) and migratory status
of the birds that ingested fruits Bf morelensisn the Tehuacén Valley. Status: R
(resident), M (migrant), ML (local migrant) according to Arizmendi & Espinosa de los

Monteros (1996).

Family Species Status  Relative Abundance
Columbidae Zenaida asiatica R 0.02
Columbina passerina R 0.018
Picidae Melanerpes hypopolius R 0.0349
Picoides scalaris R 0.0146
Tyrannidae Myiarchus tuberculifer ML 0.0141
Myiarchus cinerascens M 0.0147
Myiarchus nuttingi M 0.0348
Myiarchus tyrannulus ML 0.0237
Emberizidae Aimophila mystacalis M 0.0148
Cardinalidae Pheucticus chrysopeplus M 0.0132
Passerina versicolor M 0.0207
Icteridae Icterus pustulatus ML 0.018
Fringilidae  Carpodacus mexicanus R 0.0171
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Table 2. Visitation schedules of the birds that consumed fruBs wiforelensisn the

Tehuacan Valley. Values shown are mean and standard errors.

No. of
No. Fruits
Visitation Visitation Individuals fruits
Species of consumed
Frequency time (min) per visit consumed
Vvisits per visit
by species

M. nuttingi 68 0.315 1.64+£0.19 1.00+0.00 166 2.41 +0.29
M. cinerascens 51 0.199 1.78+£0.20 0.98+0.06 56 1.22 £0.29
M. tuberculifer 35 0.185 2.01+0.25 0.84+0.07 65 2.06 +£0.31
|. pustulatus 34 0.177 246 +0.44 1.04+0.14 23 0.75+0.28
M. tyrannulus 26 0.193 2.88+051 1.00+0.00 58 2.91 £0.63
Z. asiatica 23 0.109 6.76 £2.05 1.34+0.24 25 1.7 £0.54
A. mystacalis 22 0.096 1.47+040 0.81+0.11 17 0.85 +0.09
C. mexicanus 21 0.073 442 +1.19 253+035 30 1.72 £0.45
P. versicolor 19 0.071 219040 05+£0.13 0.57 £0.15
C. passerina 18 0.071 1.37+£0.34 0.76 £0.09 4 0.25+0.11
P. chrysopeplus 14 0.083 169+026 126x0.16 4 0.18 £0.11
M. hypopolius 13 0.035 1.05+050 0.88+031 4 0.23+0.1
P. scalaris 12 0.025 3.71+096 1.00+£0.00 17 1.42 £0.23
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Table 3. Dispersal effectiveness of the 13 bird species that visirséra morelensism

the Tehuacan Valley, Mexico. Relative abundanrisiation frequency, removed fruits per

visit, germination percentage, frequency of fligmportance of the birds in the site of

establishment (IR) and effectiveness index.

Relative Mean Mean

abundance visitation removed

(individuals-  frequency fruits per Germination Frequency Effecti-
Species hour® - net’)  (visits/hour) visit Percentage of flight veness
M. nuttingi 0.0348 0.315 241 15 21.77 1 8.627
M. tuberculifer 0.0141 0.185 2.06 17.5 9.96 0.6 0.562
M. cinerascens 0.0147 0.199 1.22 111 17.34 0.8 0.55
M. tyrannulus  0.0237 0.193 2.91 15 6.64 0.2 0.265
I. pustulatus 0.018 0.177 0.75 225 9.59 0.4 0.206
M. hypopolius  0.0349 0.035 0.23 8.33 1.85 0.1 4.3%10
P. scalaris 0.0146 0.025 1.42 0.37 1.9 x 19
P. versicolor 0.0207 0.071 0.57 0 4.06 0 0
Z. asiatica 0.02 0.109 1.7 0 5.54 0 0
C. passerina  0.018 0.071 0.25 0 3.69 0 0
C. mexicanus 0.0171 0.073 1.72 0 8.86 0 0
A. mystacalis  0.0148 0.096 0.85 0 8.12 0 0
P. chrysopeplus 0.0132 0.083 0.18 0 2.21 0 0
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FIGURE LEGENDS
Figure 1. Predicted and observed species of fruit consumBrg sdra morelensis the
Tehuacén Valley according to the Abundance-based Coverage Estimator (ACE, Colwell

2006). Error bars represent standard deviation.

Figure 2. Germination dursera morelensiseeds after gut passage for different species
of birds and control 2 (uncovered seeds). MEN¥lanerpes hypopoligsMYTY
(Myiarchus tyrannulus MYNU (Myiarchus nuttingl, MYTU (Myiarchus tuberculiféey;

ICPU (cterus pustulatus

Figure 3. Residuals of a contingency table including bird species and vegetation units
visited alter ingestion dBursera morelensifuits. Bars depict residual frequencies and
their significance, indicating preference (positive residuals) or avoidance (negative
residuals) by each bird specie®? ¥ 0.05; **P < 0.01. ICPUIcterus pustulatus

MYCI (Myiarchus cinerascensMYNU (Myiarchus nuttingl, MYTU (Myiarchus

tuberculifep, MYTY (Myiarchus tyrannulus MEHY (Melanerpes hypopolijis
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CAPITULO V. DISCUSION Y CONCLUSIONES GENERALES

La propuesta general de este trabajo fue abordar la dispersién bidtica de semillas
de Bursera morelensjsuna especie caducifolia endémica de México que produce frutos
con y sin semilla. La dispersion de semillas juega un papel importante en la dinamica
poblacional de esta especie (Capitulo IV de este trabajo), como se ha mencionado para
otras plantas caracteristicas de ambientes aridos y semiaridos (i.e. Hutto et al. 1986,
McAuliffe 1988, Godinez-Alvarez et al. 2002, Spiegel & Nathan 2007). Sin embargo,
para comprender este proceso primero fue necesario resolver varias incognitas basicas de
la historia natural de la planta como son: la produccién de estructuras reproductivas, el
origen de las semillas (sexual o asexual), las caracteristicas de los frutos y la depredacion
de semillas previa a la dispersion.

En B. morelensisencontramos una serie de caracteristicas que muestran la
importancia de la produccion de semillas en la reproduccion de esta especie, tales como
una sincronia en la fenologia de la floracién la cual se traduce en una adaptacion para
disminuir la competencia por polinizadores. También se encontré un proceso de aborcion
escalonado de las estructuras reproductivas (flores, frutos y semillas) el cual esta
relacionado con una adaptacion ante la escasez de recursos, y por ultimo se evidencié que
el origen sexual de las semillas involucra una adaptacion para mantener una alta
variabilidad genética en la poblacién, y frutos adaptados a la dispersion de semillas por
aves (Ramos-Ordoiiez et al. 2008). Sin embargo la presencia de partenocarpia pareciera

ser una incongruencia, ya que no era clara la razén por la cual una planta con las
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caracteristicas mencionadas, produce también frutos sin semilla en proporciones que
pueden alcanzar hasta el 50% de la cosecha.

La partenocarpia eBursera morelensiga habia sido mencionada por Verdu &
Garcia-Fayos (1998), pero es hasta este trabajo en que se proporciona evidencia sobre
este fendbmeno. El crecimiento inusual de las paredes del ovario es algo que no se habia
reportado en las especies partenocarpicas naturales, aunque si se presenta en varios
cultivos manipulados artificialmente como los citricos. Este hecho permite de inicio
especular que la causa y desarrollo de la partenocarBianeorelensi®bedece a errores
en el equilibrio hormonal como sucede en esos cultivos (Gillaspy et al. 1993, Varoquaux
et al. 2000). Otro dato importante es que la partenocarpia suele presentarse en especies
con un gran numero de Ovulos por fruto, tales como los citricos y tomates (Weiss et al.
1993), siendo menos frecuente en especies que desarrollan una sola semilla como las de
Anacardiaceae y Burseraceae. Aunque estas dos familias estan fuertemente emparentadas
(Soltis et al. 2000), el desarrollo de la partenocarpia aparentemente es diferente ya que en
el géneroPistaciano se ha reportado el crecimiento de las paredes del ovario (Jordano
1988, Traveset 1993, Verdu & Garcia-Fayos 1998) como suced® emorelensis
(Ramos-Ordofiez et al. 2008). Sin embargo hace falta comparar con otros géneros de
anacardiaceas con®pondiasToxicodendronRhus y Manguifera(Jordano 1988, Verdu
& Garcia-Fayos 1998) sobre los cuales no se ha generado tal informacién.

Uno de los hallazgos mas importantes de este trabajo fue que la produccion de
frutos partenocarpicos eBursera morelensisepresenta un ahorro energético para la
planta madre (Capitulo 1), ya que por un lado la partenocarpia se desarrolla

tempranamente en la ontogenia del fruto y por otro, en estos frutos no se forman los
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cristales de oxalato de calcio necesarios para la proteccion de la semilla (Janzen 1971,
Franceschi & Horner 1980, Lee et al. 1991, Webb 1999, Molano-Flores 2001). Bajo este
contexto, la presencia de la partenocarpia toma un mejor sentido, ya que entonces
encontramos quB. morelensigproduce frutos armados quimica y mecanicamente para
proteger la semilla y otros frutos desprotegidos que tienen una estrategia de engafio, de
bajo costo energético que disminuye la depredacién de semillas por insectos (Ramos-
Ordofiez et al. 2008).

Aun con esta informacion, todavia hacia falta definir el papel de la partenocarpia
en el proceso de la dispersion de semillas. Para este fin se tomaron en cuenta las
caracteristicas de los frutos tales como el tamafio y la cantidad de nutrientes, los
requerimientos energéticos, la conducta de forrajeo y caracteristicas anatomicas y
fisioldgicas del animal, la fenologia de la fructificacion, las caracteristicas del habitat, y
el tamafo de la cosecha producida son algunos factores que determinan la remocién de
semillas y la tasa de visitas por los frugivoros (Moermond & Denslow 1985, Korine et al.
2000, Bleher & Bohning-Gaese 2001, McCarty 2002, Saracco et al. 2005). En el Capitulo
Il de este trabajo se muestra como los frutos partenocarpicos producidd®. por
morelensigncrementan el tamafo de la cosecha y la tasa de visitas por las aves, mediante
un efecto de coloracion y densidad (Wilson and Melampy 1983, Wilson and Hoppes
1986, Willson et al. 1990, Facelli 1993, Fuentes 1995).

Como se mencion6 en el Capitulo I, los trabajos sobre frugivoria realizados en
plantas partenocarpicas (génétistacig han tenido la limitante de que no era posible
distinguir los frutos con semilla de los partenocarpicos, aun cuando ya han madurado

(Jordano 1988, Traveset 1993, Fuentes & Schupp 1998, Verdu & Garcia-Fayos 1998,
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2001). Hasta este punto, los resultados mostrados en esta tesis hacen referencia a la
proporcion de frutos partenocarpicos producidosBranorelensicomo en los estudios
mencionados. Sin embargo, uno de los objetivos planteados fue generar informacion que
permitiera definir que tipo de fruto es removido tanto por los depredadores, como por los
dispersores de semillas (Ramos-Ordofiez et al. 2008, Tabla 2). Estos datos permitieron
ver que la funcién de la partenocarpia no solo se limita a la disminucion de la
depredacion de semillas por insectos o a atraer frugivoros que remuevan las semillas, sino
también involucra una adaptacion de la planta que sirve para disminuir la depredaciéon de
semillas por aves granivoras (Capitulo IIl), como sucedeistacia lentiscugVerda &
Garcia-Fayos 2001). En conjunto, estos resultados resuelven la paradoja de porque los
frutos partenocéarpicos son producidos (y en cantidades tan altas) en una planta que
invierte una gran cantidad de recursos y estrategias en la produccién de semillas como
unidad de dispersion.

En el Capitulo IV, se muestra la importancia de los papamoscas (género
Myiarchug como dispersores legitimos @& morelensisEste resultado ya habia sido
sugerido por Bates (1992), pero ademas la importancia de estas aves aumenta cuando
consideramos que son especies migratorias en la zona estudiada (Arizmendi & Espinosa
de los Monteros 1996), de modo que el rompimiento o desfase temporal de este
mutualismo podria tener consecuencias importantes en la conservacion tanto de la planta
como de los papamoscas, afectando también el mantenimiento de la diversidad del
ecosistema (Herrera 2001, Traveset 2002). Finalmente, la informacion recabada hasta el
momento no es suficiente para comprender hasta que punto la dispersion de semillas

influye en la dinAmica poblacional d& morelensis Para comprender en toda su
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extension esta situacion es necesario realizar experimentos a largo plazo que determinen
bajo que especies de plantas hay un mayor establecimiento de plantulas y caracterizar los
patrones de reclutamiento y la probabilidad de sobrevivencB. aeorelensisen los
diferentes tipos de vegetacion y bajo las diferentes plantas nodriza, de modo que se pueda
complementar la efectividad como la contribucidén del agente dispersor a la futura

reproduccién de la planta (Schupp 1993).

En términos generales, este trabajo muestra como la partenocarpia, un fenébmeno
comun pero poco conocido en los sistemas naturales afecta diferentes procesos de la
historia natural de una planta, tales como la dispersién y depredacién de semillas. Sobre
todo en el caso de las especies de las familias Burseraceae y Anacardiaceae para las
cuales se han reportado al menos 22 especies partenocarpicas (26.1% de las eudicotas
reportadas, Fig. 1), dispersadas por animales (de acuerdo con una revision bibliografica
realizada abarcando los afios 1965 a 2007), en futuros trabajos se debe contemplar la
necesidad de conocer a fondo la unidad de dispersion y la posibilidad de que la especie
este produciendo este tipo de frutos, ya que la partenocarpia se podria considerar como

un factor que afecta la ecologia e historia evolutiva de estas especies.
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Pandanales Pandanaceae Pandanus 1
Asparagales Asteliaceae Cordyline 1
» Arecales Arecaceae Elaeis 1
comelinids Poales —— Poaceae Melocanna 1
Oryza 1
Triticum 1
Zingiberales Musaceae Musa 4
Laurales Lauraceae Persea 1
Piperales Piperaceae Pipar 1
Vitales Vitaceas Vitis 3
LY
magnolida Myrtales Lythraceae Punica 1
Fahales Fabaceae Arachis 1
Gymmnocladus 1
Pisum 1
Vicia 1
Rosaceae Fragaria 2
Malus 1
Prunus 4
core eudicots Reozalcz Pyrus 2
Rosa 1

Rubus 1
Rhamnaceae Zizyphus 1
Ulmaceae Uimus 1
Moraceae Ficus 1

Cucurbitaceae Citrullus 2
Cucumis 2
Cucurbita 1
Lagenaria 1
Momordica 1

Cucurbitales

Sechium 1
caricaceae Carica 1
y Brassicales Brassicaceae Arabidopsis 1
asterids Brassica 2
Raphanus 1
Malvales Malvaceae Cola 1

Theobroma 1

Rutaceae Citrus 4
. /< Simaroubaceae Acer 2
Sapindales

Anacardiaceae Mangifera 1

Pistacia [
Rhus 1
Spondias 1
euasterid | Toxicodendron 1
Burseraceac Bursera 11
- Ebenaceae Diospyros 1
Ericales
‘_‘::: Ericaceae Vaccinium 3
cuasterid I Carryales Eucommiaceae Eucommia 1
= Oleaceae Olea 1
Lamiales < Scrophulariaceae Torenia 1
Solanales — Solananceae Capsicum 1
Lycopersicon 1
Physalis 1

Selanum 4
Aquifoliales Aguifoliaceae Hex 1
Apiales —— Umbelliterae Pastinaca 1

Asterales ——— Asteraceae Bacharis 2
Ambrosgia 1

Fig. 1. Géneros partenocarpicos encontrados en la literatura, el nGmero indica la cantidad
de especies en las que la partenocarpia se reporta como un fenémeno natural. La revision
bibliografica abarca los afios 1965 a 2007. El arbol fue creado sobreponiendo el caracter
partenocérpico al arbol filogenético generado por Soltis et al. (2000) y Stevens (2001).
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