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RESUMEN GENERAL 

En esta tesis se evaluaron diferentes hipótesis que consideran factores bióticos y abióticos 

para explicar la variación en la riqueza de especies de insectos formadores de agallas (IF A) 

en comunidades de plantas de hábitats deciduos y riparios del bosque tropical seco de la 

Reserva de la Biosfera Chamela-Cuixmala. Cuatro son las hipótesis que involucran 

factores bióticos. La primera predice que la riqueza de especies de IF A aumenta con una 

mayor riqueza de especies de plantas. La segunda hipótesis propone que la frecuencia de 

IF A se incrementa a mayor complejidad estructural en términos de la arquitectura de las 

formas de vida de las plantas hospederas. La tercera predice que la frecuencia de IF A es 

mayor en plantas juveniles que en plantas maduras y la cuarta hipótesis establece que la 

riqueza de especies de IF A se incrementa con la densidad de plantas hospederas. La 

hipótesis que incluye factores abióticos predice que la fertilidad del suelo reduce la 

incidencia de especies de IF A en comunidades de plantas. Además, se determinaron los 

patrones espacio-temporales de herbivoría por IF A y se cuantificaron los niveles de daño en 

hábitats deciduos y riparios. Finalmente, se determinó la diversidad y especificidad de 

especies de parasitoides asociados a IF A evaluando la hipótesis del hospedero "malo" 

("nasty" host hipothesis) que involucra procesos ascendentes "bottom-up". Esta hipótesis 

establece que en los trópicos los parasitoides son especialistas y que la disponibilidad de 

potenciales hospederos es menor que en sitios no tropicales porque sus tejidos son 

químicamente más tóxicos. Los resultados de esta tesis muestran que existe una 

correlación positiva entre la riqueza de especies de IF A y la riqueza de especies de plantas 

en hábitats deciduos y riparios. La incidencia de especies de IF A fue mayor en formas de 

vida más complejas como árboles y arbustos que en hierbas y trepadoras. La frecuencia de 

IF A fue mayor en plantas juveniles que en maduras sugiriendo que los estados juveniles 
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ofrecen sitios con meristemos indiferenciados susceptibles a la inducción de agallas. La 

frecuencia de IFA se incrementó a mayor densidad de plantas hospederas en 18 especies de 

IFA (42.2%). Utilizando el fósforo y nitrógeno como indicadores de la fertilidad del suelo, 

se encontró que la riqueza de IF A está relacionada negativamente con la fertilidad del 

suelo. Además, se registró una menor frecuencia y densidad de IF A sobre plantas que 

ocurren en suelos infértiles. Estos resultados indican que la fertilidad del suelo afecta la 

distribución espacial de IF A y favorece la riqueza, frecuencia y abundancia de especies de 

IF A en dos diferentes vías: (i) afectando indirectamente la riqueza de especies de IF A vía 

adaptaciones locales de algunas especies de plantas a diferentes condiciones de fertilidad y 

(ii) afectando directamente la incidencia de IF A por procesos de plasticidad fenotípica de 

las once especies de plantas que ocurren en el gradiente de fertilidad. Los niveles de 

herbivoría registrados por IF A (promedio de área foliar afectada 14.9% en la estación 

húmeda: rango 1.57-97. 7) son considerablemente mayores que los reportados por insectos 

folívoros en bosques neotropicales, lo cual sugiere que este gremio de herbívoros puede 

tener un impacto importante sobre sus plantas hospederas en estas comunidades tropicales. 

Se encontraron mayores niveles de herbivoría en hábitats deciduos que en riparios durante 

la temporada húmeda. En hábitats riparios, la densidad de IF A fue mayor en la temporada 

seca que en la temporada húmeda para once especies de plantas ( 61.1 % ). Similarmente, el 

área foliar afectada por IF A fue significativamente mayor en la época seca que en la 

húmeda en doce especies de plantas (66.7 %) lo cual sugiere que en los hábitats riparios las 

especies de plantas presentan dos temporadas de producción masiva de hojas; los IF A 

colonizan hojas en la primera temporada durante la estación húmeda y acumulan o 

recolonizan hojas producidas en la segunda temporada durante la estación seca. En todos 

los casos, se encontró una gran especificidad entre especies de IF A y sus especies de 



plantas hospederas, cada especie de IF A está asociada con una especie particular de planta 

hospedera. Por el contrario, no existió especificidad entre especies de parasitoides y sus 

5 

IF A hospederos, ya que en total 13 especies de parasitoides estuvieron asociados a 29 

especies diferentes de IF A. Por lo tanto, la hipótesis del hospedero "malo" es rechazada, ya 

que los efectos en la variación química de las plantas no se extienden al tercer nivel trófico. 

Se sugiere que procesos descendentes "top-down" están regulando las interacciones tróficas 

de las especies de IF A en esta comunidad tropical. 
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INTRODUCCIÓN GENERAL 

La biodiversidad comprende todos los niveles de variación natural que van desde el nivel 

molecular y genético hasta el de especies, comunidades y ecosistemas (Roughgarden y 

Diamond 1986). La búsqueda de patrones de diversidad ayuda a comprender el papel que 

juegan los eventos históricos y contemporáneos sobre la presente distribución, abundancia 

y riqueza de especies. También es fundamental la exploración de factores que estén 

relacionados con estos patrones y los potenciales mecanismos que los explican, puesto que, 

para prevenir la pérdida de biodiversidad es necesario entender los patrones de diversidad 

de los diferentes taxa en una variedad de escalas espacio-temporales (Vinson y Hawkins 

1998). 

Procesos regionales y locales inciden sobre las comunidades a distintas escalas 

espaciales afectando la composición y el número de especies. Se asume que en una escala 

regional existe un conjunto de especies y que cada miembro potencialmente puede 

colonizar una comunidad (Lawlor y Morin 1993). Por lo tanto, la diversidad regional de 

especies puede afectar la diversidad local de las comunidades debido a que el conjunto de 

especies está disponible para colonizar diferentes sitios (Ricklefs 1987; Caley y Schluter 

1997; Ricklefs 2004). A una escala regional, el conjunto de especies dado en un área 

biogeográfica se incrementa por procesos de especiación de taxa existentes o por 

inmigración dentro del área por un nuevo taxa (Schluter y Ricklefs 1993; McPeek 1996). 

Por el contrario, la pérdida de especies de este conjunto regional se da por extinciones o por 

migraciones fuera de esta área. De esta manera, los patrones locales de diversidad son 

fuertemente influenciados por procesos regionales como la especiación, extinción, eventos 

históricos y biogeográficos (Ricklefs 1987; Eldredge 1989; Cornell y Karlson 1996; 

McPeek 1996). Mientras que en una escala local, existen procesos de depredación, 



herbivoría, exclusión competitiva (e.g. interacciones bióticas) y eventos demográficos 

estocásticos que pueden afectar los patrones de diversidad (Ricklefs 1987). 
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Existen algunas evidencias del efecto que tiene la herbivoría (Claughle y Lawton 

1981; Ricklefs 1987), la depredación (Paine 1966) y la competencia (Connell 1961) sobre 

la composición y número de especies en las comunidades en una escala local. Sin 

embargo, la carencia de estudios sobre interacciones bióticas en comunidades naturales 

impone limitaciones serias para analizar cómo las interacciones afectan la diversidad en 

diferentes escalas espaciales. Por ejemplo, las comunidades de insectos son un sistema de 

estudio muy complejo debido a su gran riqueza y abundancia relativa, su pequeño tamaño 

corporal y la falta de conocimiento taxonómico. La importancia de los insectos radica en 

que constituyen un elemento fundamental en los ecosistemas terrestres como depredadores, 

herbívoros, parásitos, polinizadores, recicladores de nutrientes y de materia orgánica 

(Southwood 1972; Samways 1994). 

El conocimiento de patrones de diversidad en insectos es muy limitado. Sin 

embargo, se ha determinado para algunos grupos de herbívoros que la riqueza de insectos 

se incrementa a menores latitudes y altitudes (MacArthur 1965; Price et al. 1991; 

Rosenzweig 1995), con el aumento del área de distribución, abundancia y riqueza de 

especies de plantas hospederas sobre un continuo de escalas geográficas hasta comunidades 

(Price 1984; Lawton et al. 1986; Southwood et al. 1988; Frenzel y Brandl 1998). Otros 

factores bióticos como la distribución, densidad y patrones fenológicos foliares de plantas 

hospederas potencialmente pueden afectar la diversidad y estructura de la comunidad de 

insectos (Comell y Lawton 1992; Basset y Novotny 1999). Particularmente, este estudio se 

enfoca en determinar los patrones espacio-temporales de riqueza de especies y herbivoría 

de insectos formadores de agallas y en evaluar algunos factores bióticos y abióticos 



asociados a la riqueza y abundancia de este gremio de insectos herbívoros en el bosque 

tropical seco de Chamela-Cuixmala. 
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Sistema de estudio- Los insectos formadores de agallas (IF A) representan un gremio de 

herbívoros endófagos que se alimentan del tejido mesófilo de sus plantas hospederas. La 

interacción entre los IF A con sus plantas hospederas es uno de los componentes más 

conspicuos en las comunidades naturales (Weis et al. 1988; Cuevas-Reyes 2003; Oyama et 

al. 2003) que asume un alto grado de especificidad entre los IF A y sus plantas hospederas 

(Moran y Southwood 1982; Cornell 1990; Fritz y Price 1988, Floate et al. 1996; Rossi y 

Stiling 1998). 

La inducción de agallas en plantas representa un fenómeno específico y complejo 

que se inicia por la interacción química entre el estímulo generado por el insecto al secretar 

sustancias análogas a las auxinas en el momento de ovipositar o alimentarse y la liberación 

de sustancias químicas por parte de la planta (Williams y Benson, 1966; Ananthakishan 

1984; J auffret y Shorthouse 1992). Como resultado de esta interacción, se producen 

alteraciones metabólicas principalmente en los procesos de desarrollo y crecimiento de los 

tejidos vegetales, finalizando con la formación de estructuras anormales denominadas 

agallas (Ananthakishan 1984; Hartley 1998, 1999). La manipulación de la planta 

hospedera por parte del IF A altera la composición química del tejido de la agalla (Larson y 

Whitham 1991 ; Hartley 1998), ya que estos sitios contienen un alto contenido de 

compuestos nitrogenados, agua y azúcares (Hartley y Lawton1992) y niveles elevados de 

compuestos secundarios (e.g. fenoles, terpenos) por lo que se ha propuesto que la 

formación de la agalla permite ciertos beneficios como el secuestro de estos compuestos 



asociados a funciones defensivas contra enemigos naturales (Askew 1984; Hartley y 

Lawton 1992; Hartley 1998). 
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Debido a su hábito sedentario, la formación de agallas les proporciona a estos 

insectos beneficios tales como un microhábitat favorable que facilita los procesos de 

alimentación, desarrollo y reproducción, confiriéndoles protección ante cambios climáticos, 

depredación y parasitismo (Price y Pschom 1980; Ananthakrishan 1984; Weis et al. 1988; 

Schultz 1992). Sin embargo, para las plantas, la formación de agallas representa costos 

fisiológicos en la asignación de recursos a la defensa química, cambios metabólicos en la 

dirección del crecimiento de los diferentes órganos ya que el crecimiento de la planta es 

afectado por el desarrollo de agallas (Askew 1984; Larson y Whitham 1991; Hartley y 

Lawton 1992; Wolfe 1997; Hartley1998; Rossi y Stiling 1998), efectos negativos al 

reducirse el área y la capacidad fotosintética por la cobertura de agallas (Fay et al. 1996) y 

efectos negativos sobre el éxito reproductivo de las plantas (e.g. producción de flores , 

inflorescencias, semillas) (Hartnett y Abrahamson 1979; Ananthakishan 1984; Sacchi et al. 

1988; Fay et al. 1996; Parra-Tabla y Bullock 1998). 

Price et al. (1986, 1987, 1988,) sugieren que la formación de agallas se encuentra 

asociada a variables ambientales como el estrés hídrico, en este caso la cámara de la agalla 

confiere un microhábitat favorable sin limitaciones de agua aún en ambientes áridos o 

xéricos. Sin embargo, la elevada incidencia y riqueza de especies de insectos formadores 

de agallas encontrada en ambientes de gran humedad como bosques tropicales húmedos 

sugieren que la función principal de las agallas no es la de ofrecer un microclima que 

proteja a los insectos de la desecación (Cuevas-Reyes et al. 2003; Oyama et al. 2000). Por 

ello se propone una hipótesis alternativa que sugiere que la formación de agallas es 

considerada una adaptación a la explotación de los tejidos nutricionales de las plantas 
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debido a la formación de una zona celular nutritiva bien determinada en la agalla que 

presenta un alto contenido de nitrógeno soluble, azúcares y aminoácidos. Además, cada 

zona forma parches aislados de células organizadas alrededor de las agallas que contienen 

una gran cantidad de metabolitos secundarios asociados a defensa contra enemigos 

naturales (Ananthakrishan 1984; Abrahamson y Weis 1987). Por lo tanto, la hipótesis 

nutricional sugiere que la formación de agallas es una adaptación a obtener alimento de alta 

calidad nutricional químicamente bien defendido (Price et al. 1986, 1987; Hartley y Lawton 

1992; Hartley 1998). 

Los IF A tienen la capacidad de inducir agallas con características muy particulares 

en su anatomía y desarrollo morfológico (Ananthakrishnan 1984; Meyer 1987). Estudios 

filo genéticos en IF A sugieren que éstos pueden manipular el desarrollo de la planta para 

modificar la morfología, esencialmente por la extensión del fenotipo de la planta (Weis et 

al. 1988; Stem 1995). La mayoría de los estudios que han evaluado la interacción planta

IF A han asumido que la morfología de la agalla es única para cada especie de IF A y que 

cada especie de insecto es específico a cada especie de planta (Ananthakrishnan 1984; Weis 

et al. 1988; Dreger-Jauffret y Sorthouse 1992; Floate et al. 1996; Nyman et al. 1998; Price 

et al. 1998; Nyman et al. 2000; Cuevas-Reyes et al. 2003; Oyama et al. 2003; Veldtman y 

McGeoch 2003). Sin embargo, ninguno de estos estudios ha identificado taxonómicamente 

la especificidad de esta interacción. Por lo tanto, resulta crucial el reconocimiento 

taxonómico de IF A puesto que se ha encontrado que una especie de planta puede estar 

asociada a diferentes especies de IFA (Femandes y Price 1988; Waring y Price 1989; 

Femandes et al. 1996). En este estudio se establece una relación taxonómica directa entre 

los IF A y sus plantas hospederas como base fundamental del análisis de la diversidad y de 

las interacciones ecológicas asociadas a este gremio. 
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Estructura y objetivos del estudio- Esta tesis está formada por cuatro capítulos. El pnmero 

evalúa diferentes hipótesis que han sido propuestas para explicar la variación en la riqueza 

y abundancia de insectos formadores de agallas (IF A). Estas hipótesis: (i) "riqueza de 

especies de plantas"; (ii) "complejidad estructural de plantas"; (iii) "edad de la planta 

hospedera" y (iv) "concentración de recursos" fueron probadas en comunidades de plantas 

de hábitats deciduos y riparios del bosque tropical seco de Chamela-Cuixmala, Jalisco 

utilizando un muestreo intensivo (3 ha) y la misma metodología para ambos hábitats. Uno 

de los objetivos primordiales fue determinar el grado de especificidad de los IF A sobre sus 

plantas hospederas debido a que la mayoría de estudios sobre diversidad de IF A asumen 

que cada especie de IF A induce un tipo particular de morfología de agalla. Además, en este 

capítulo hacemos una comparación de la riqueza de IF A dentro y entre hábitats deciduos y 

riparios determinando la relación que existe entre factores bióticos como la riqueza de 

especies de plantas, formas de vida, edad y densidad de plantas hospederas con los patrones 

de abundancia y riqueza de especies de IF A. 

En el segundo capítulo evaluamos algunos factores abióticos asociados a la 

fertilidad del suelo que establecen como hipótesis que la fertilidad del suelo está 

relacionada negativamente con la incidencia de especies de IF A en comunidades de plantas. 

Determinamos la riqueza de especies de IF A en hábitats deciduos y riparios, así como la 

relación entre la fertilidad del suelo y la riqueza de especies de IF A y el efecto de la 

fertilidad del suelo sobre la frecuencia y abundancia de IF A en plantas distribuidas en dos 

hábitats adyacentes con diferentes condiciones de humedad, tipo de vegetación y fertilidad 

de suelo. 

En el tercer capítulo de esta tesis determinamos los patrones espacio-temporales de 

herbivoría por IF A. Además, cuantificamos los niveles de daño durante la estación húmeda 



y seca en comunidades de plantas de hábitats deciduos y riparios. Determinamos la 

variación en los niveles de herbivoría por IF A dentro y entre hábitats deciduos y riparios 

durante la estación húmeda, el efecto de la estacionalidad sobre la herbivoría por IF A en 

hábitats riparios y los niveles de área foliar afectada por IF A en ambos tipos de hábitats 

durante la estación húmeda y seca. 
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En el cuarto capítulo evaluamos la hipótesis del hospedero "malo" ("nasty"host 

hipótesis) que fue propuesta para explicar la variación en la riqueza de parasitoides en 

comunidades de plantas y el grado de especialización entre especies de parasitoides y sus 

hospederos. El objetivo de este capítulo fue determinar la especificidad de los parasitoides 

tropicales utilizando la interacción tri-trófica planta-IFA-parasitoide en el bosque tropical 

seco de Chamela-Cuixmala. 
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Summary 

1 We tested four hypotheses conceming the variation in species richness of gall-inducing 

insects (GII) in plant communities. We sampled deciduous and riparian habitats in a 

tropical dry forest at Chamela-Cuixmala Biosphere Reserve in western Mexico, that diff er 

in phenology and moisture availability. 

2 GII species richness could increase with the richness of host plant species, with life form 

complexity of host plants (trees to shrubs, herbs and climbers), with host ages or with host 

plant density. 

3 We found 172 plant species, ofwhich more were present in deciduous than in riparian 

habitats, but 34 (19.8%) occurred in both. A different GII species colonized each of 39 

host species. Most GII species (69.2%) were gall midges (Cecidomyiidae). 

4 We found a significant positive correlation between GII species richness and plant 

species richness in both deciduous and riparian habitats, suggesting that radiation of GII 

species may be associated with plant species richness. 

5 Most of the GII species occurred on trees or shrubs rather than herbs or climbers, 

consistent with structural complexity providing more colonization sites. 

6 The frequency of GII was greater on saplings, which may have more undifferentiated 

meristems susceptible to gall induction. 

7 Both, the frequency and intensity of damage by galls were greater in deciduous than 

riparian habitats, indicating a preference of GII species for plants in the more xeric habitat. 

8 The frequency of GII increased with host plant density in only18 (46.2%) of GII species. 

9 Richness of GII depends on all proposed factors, although density is often the least 

importan t. The effects of host richness and host age are similar to those seen in many 
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specialist folivorous insects, although the unique association of a single insect with a single 

host is only seen for Gil. 

Key-words: gall species richness, host plant age, life forms, plant density, plant species 

richness, herbivory, plant-animal interactions, tropical dry forest 
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Introduction 

Analyses of biogeographical pattems in species richness for plants and animals ha ve 

contributed substantially to the identification of ecological mechanisms underlying 

biodiversity (Ricklefs 1987; Comell & Lawton 1992; Huston 1999). Phytophagous insects 

are a majar component of the world biodiversity and are in volved in the main trophic 

interactions of tropical communities (Novotny & Missa 2000). Despite the importance of 

tropical gall-inducing insects (GII) in such interactions little is known about their 

abundance and distribution (Price & Clancy 1986; Schonrogge et al. 2000; Cuevas-Reyes 

et al. 2003). 

GII are found on specific host plants in natural communities across most 

biogeographical regions (Fernandes & Price 1991; Price 1991; Price et al. 1998). Their 

species richness is higher in tropical regions, intermediate in temperate and lowest in cold 

regions (Femandes & Price 1988; Price et al.1998; Goncalves-Alvim & Femandes 2001). 

Because galling insects are usually host-specific, generation and maintenance of Gii 

species richness have been often related to plant species richness (Wright & Samways 

1996, 1998; Oyama et al. 2003). However, abiotic factors, such as soil quality and water 

stress and other biotic factors (life form of host plant, plant age, plant density and natural 

enemies) may also affect tropical GII species richness at different scales (Fernandes & 

Price 1991; Lara & Fernandes 1996; Ribeiro et al. 1998). These factors are not mutually 

exclusive and their director indirect effects must be considered. These can be formalized 

in four altemative hypotheses. 

The plant species richness hypothesis suggests that the floristic diversity of habitats 

may be responsible for differences in local pattems of GII species richness because more 

plant species represent more potential sites to colonize. Therefore, Gii species richness 



increases as more potential host plant species are available (Fernandes & Price 1988; 

Wright & Samways 1998; Goncalves-Alvim & Fernandes 2001). 
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The structural complexity hypothesis explains the effects of growth form of plants 

on phytophagous insect species richness in terms ofhost plant architecture (e.g. a 

combination of life form, plant height and number of shoots, branches and leaves in relation 

to crown volume) (Lawton 1983; Leather 1986; Dansa & Rocha 1992) and GII (Fernandes 

& Price 1988; Goncalves-Alvim & Fernandes 2001 ). Trees may be colonized by a wider 

variety of insect species than either shrubs or herbs because their complex architecture 

provides more microhabitats (Leather 1986). In addition, trees are also more "apparent" to 

insects than either shrubs or herbs (sensu Feeny 1976). Although both arguments have 

been used to explain the frequency of folivorous species richness, the pattern is not very 

clear when applied to specific guilds such as sucking and galling insects (Leather 1986). 

Thus, Goncalves-Alvim & Fernandes (2001) showed that GII richness is higher in trees 

than either shrubs and herbs but Fernandes and Price (1988) <lid not find differences 

between trees and shrubs. 

The plant age hvpothesis proposes that the frequency of GII species on a particular 

host plant species is related to its ontogenic stage. Although it has been assumed that the 

foliage of saplings must be extremely well-defended compared to mature plants, rates of 

damage by folivores are higher in younger stages, and this is mainly due to greater 

nutritional quality of the leaves rather than reduced concentration of secondary compounds 

(Coley & Barone 1996; Basset 2001 ). Sorne studies have shown frequency of galling 

insects to be related to the age oftheir host plants (Price et al. 1987a, 1987; Craig et al. 

1989; Price 1989), and we predict that younger plants are more susceptible to attack 
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because galls can sequester secondary metabolites as a mechanism to protect them against 

natural enemies (Comell 1983; Langenheim & Stubblebine 1983; Waring & Price 1990). 

The resource concentration hypothesis integrates the effects of insect specialization 

on host plants, the choice of host plants by female insects for oviposition and the incidence 

of natural enemies on isolated or aggregated hosts (Root 1973; Raupp & Denno 1979; 

Goncalves-Alvim & Femandes 2001) by proposing that frequency on a particular host will 

increase with plant density. 

The four hypotheses have been tested independently in different localities. 

Although several authors have attempted to establish pattems at a global scale comparing 

results from tropical and temperate communities, very few studies have tested the same 

communitywith comparable methodologies ((Femandes & Price 1988, 1991, 1992, Wright 

& Samways 1996, 1998, Price et al.1998). We therefore compared GII species richness, 

and the specificity of GII plant interactions within and between communities ata regional 

scale in a tropical dry forest using extensive sampling over 3 ha plots. We tested the 

hypotheses by comparing two adjacent habitats which differed in humidity, vegetation and 

leaf phenology. In particular, we addressed the following questions: (i) What is the degree 

of specialization between GII species and their host plant species? (ii) What is the 

relationship between plant species richness and GII species richness in deciduous and 

riparian habitats in a tropical dry forest? (iii) Is GII species richness associated with the 

structural complexity of life forms and host plant age? (iv) Does GII frequency increase 

with host plant density? 



19 

Materials and methods 

STUDY SITE 

This research was conducted at the Chamela-Cuixmala Biosphere Reserve on the Pacific 

coast of Jalisco, Mexico that covers an area of 13,200 ha. The elevation of this site ranges 

between 50-500 m, the average annual precipitation is 748 mm and the rainy season ranges 

from June to October (Bullock 1985). The predominant vegetation is tropical deciduous 

forest, with sorne patches of tropical riparian forest in the "arroyos" (Rzedowski 1978). 

Deciduous and riparian habitats have similar numbers of plant species, but the latter 

includes a greater number of species of climbers (Lott et al. 1987). 

METHODS 

Surveys were conducted from June to October 2001 during the rainy season. We sampled 

thirty transects of 50 x 5 m in each of two independent deciduous and riparian habitats at 

Chamela and Cuixmala ( e.g. 120 transects in total). Transects were randomly positioned on 

a grid system within each habitat. Within each transect, plant species were identified and 

GII species on trees, shrubs, herbs and climbers were recorded. GII were counted and 

identified on the basis of plant species and gall morphology. Sampling of GII extended 

from the canopy to the lower branches of each individual, collecting three branches at the 

top, intermediate and bottom of each stratum for all plant life forms. All GII species 

recorded affected only leaves, so all belong to the same guild. 

We checked that each different gall morphology on a particular host plant, was 

caused by a different GII by incubating galls in the laboratory and identifying the adult 

insect produced, thus also verifying their host specificity. 
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Frequency data for GII on trees, shrubs, herbs and climbers of host plants in each 

transect were used to test the structural complexity hypothesis, with stem diameter at breast 

height (DBH) as a control for plant age in trees and shrubs. Susceptibility to galls in 

different ontogenetic stages was estimated for trees and shrubs. Plant species density was 

estimated in each transect and the frequency and mean number of galls on each host plant 

were recorded. 

A preliminary analysis showed that only six GII species were present in both 

habitats. For comparative purposes, therefore, mean number of galls per plant was 

estimated only for these species. To compare the susceptibility to galls of the same plant 

species in different habitats, we registered the mean number of galls per plant for each host 

species in each transect. 

STA TISTICAL ANAL YSES 

The floristic similarity between deciduous and riparian habitats was compared using the 

Driver and Kroeber index calculated as 100 C / [(Nl)(N2)] 112
, where C = number of shared 

species, Nl = species number ofthe more diverse flora, and N2 = species number ofthe 

less diverse flora (Sánchez & López 1988). We also conducted a t test to determinate if 

there are differences in species richness of plants between deciduous and riparian habitats. 

A linear regression analysis was used to analyze the relationship between GII 

species richness and plant species richness among transects in deciduous and riparian 

habitats. 

We applied a paired t test to each ofthe six plant species that occurred at all sites to 

investigate differences between habitats in galling frequency. 
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We used a two way ANOVA to determine the effect ofhost plant. Life form and 

habitat type (as independent variables) on the number of GII species on trees, shrubs and 

climbers (response variables). A LSMeans test was used for a posteriori comparisons. The 

number of GII species was pooled for each life form for all dates and all transects at each 

habitat. Similar conditions were applied to determine the effect of habitat and life form of 

host plants on the frequency of GII, using a logistic regression analysis (CATMOD 

procedure SAS 2000 a general procedure for modelling categorical data). 

We applied a logistic regression analysis using GENMOD (SAS 2000 a general 

procedure for modeling a binary logit for each plant species separately) to test for effects of 

plant age on frequency of GIL 

To determine the effect of plant density within and between habitats in different 

plant life forms, we applied a two way ANOV A and a posteriori LSMeans test for the 

comparison of means (SAS 2000). 

We conducted a logistic regression analysis for each species separately, of host 

plant density on the frequency of GII using the CATMOD procedure (SAS 2000). To 

determine the effect of plant density on the number of GII per plant for each species, we 

conducted a linear regression analysis between host-plant density and the number of galls 

per plant for each plant species. 

Results 

The 39 GII species found represented in several orders. Díptera (family Cecidomyiidae) 

induced the majority of galls in both habitats with 27 species (69.2 %), while Homoptera 

[Psyllidae (5.2%) and Kermidae (7.7%)], Hymenoptera [Tanaostigmatidae, (2.6%)] and 

Thysanoptera (2.6%) were rare; five morphospecies (12.7%) were unidentified. All GII 
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species were highly specific occurring in only a single plant species (Table 1). The number 

of GII species did not differ significantly between deciduous and riparian habitats (X2 = 

0.44; d.f. = 1; P > 0.05) and only six GII species occurred in both habitats (see Table 1 ). 

We sampled 172 plant species from 37 families, ofwhich 39 (22.7 %) were associated with 

specific GII species. Seventy three plant species ( 42.4%) were present in deciduous forest 

and 65 (37.8%) in riparian habitats and only 34 species (19.8%) occurred in both habitats. 

The deciduous and riparian habitats showed low similarity in plant species (20 %), and GII 

species composition (15.3%). 

The number of plant species did not differ significantly between deciduous and 

riparian habitats (t-test: t = 0.44, d.f. = 1, P > 0.05). Deciduous habitats hada similar 

number of trees (N = 41) and shrub (N = 37) species as riparian habitats (37 and 32 

respectively). 

Only six GII-host plant associations occurred in both habitats and five of these host 

plants supported greater number of galls in deciduous than riparian habitats (Table 2). 

GII species richness was positively correlated with plant species richness in both 

habitats (Deciduous: y= 0.3979x - 2.93; r2 
= 89.2%; P < 0.001; Riparian: y= 0.3772x -

2.04; r2 = 78.6%; P < 0.0001) (Fig. 1). 

GII species richness was greater as structural complexity increases in both 

deciduous and riparian habitats and greater in deciduous forest than riparian habitats for 

trees, shrubs and climbers (F2,292 = 42.48; r 2 = 68.2%; P < 0.001). LSMeans test indicates 

that trees have significantly more GII species than shrubs in riparian habitats (the inverse in 

deciduous); and both have more than climbers in both habitats (P > 0.001) (Fig. 2a). Herbs 

have few GII species (mean of 2 in deciduous forest, no GII on riparian herbs). 
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We recorded a total of 2046 plants with GII on trees, shrubs and climbers, ofwhich 

58 .8% were present in deciduous and 41.2% in riparian habitats. The frequency ofGII on 

each of the different life forms was significantly greater in deciduous than riparian habitats 

(life form: x2 = 18.8; d.f. = 2; P < 0.0001 ). In both habitat types, the frequency of GII was 

greater in trees and shrubs than in climbers (habitat: x2 = 8.0; d.f. = 1; P < 0.0047, Fig. 2b) 

but there was also alife form by habitat interaction: (x2 = 23.6; d.f = 2; P < 0.0001). 

The results of the logistic regression analysis (Table 3) indicate that there is a 

negative relationship between plant age and the frequency of GII for each host species 

regardless of family. The frequency of Gii was greater in saplings and young shrubs 

(which comprised 74.2 % the galled host species) than mature plants. 

Plant density was significantly greater in deciduous than riparian habitats for trees 

and shrubs (F 3,436 = 15.88; P < 0.001), but density of trees did not differ from that of shrubs 

(Fig. 3) and both were significantly higher than the density of herbs and climbers in both 

habitats. 

Gii frequency increased with plant density in eighteen species (ca. 50% oftotal 

galled plant species) (Table 4 ). The mean number of Gii was also positively correlated 

with plant density in fifteen plant species (Table 5). 

Discussion 

It is generally assumed that gall morphology is unique to a Gii species and that each gall 

species is specific to a single plant species (Ananthakrishnan 1984; Dodson & George 

1986; Weis et al. 1988; Dreger-Jauffret & Sorthouse 1992; Cuevas-Reyes et al. 2003). 

Sorne studies have however demonstrated that a single plant species is capable of hosting 
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numerous Gil species (Fernandes & Price 1988; Waring & Price 1989; Fernandes et al. 

1996), suggesting that the specificity of gall-plant interactions might not be absolute. Our 

study represents a major advance in that we identified all taxa of Gil on host plants, and 

confirmed that at this tropical site, each GII species is associated with one specific host 

plant species. Knowledge of the degree to which herbivorous insects are specialized on 

their host plants is critica! for understanding insects' life-history patterns as well as their 

impact on plant populations and their importance as selective agents for plant defenses 

(Rhoades & Cates 1976; Thomas 1990). 

We found that cecidomyiids induced the majority of galls in both deciduous and 

riparian habitats of the tropical dry forest, affecting twenty different families of plants, 

although Euphorbiaceae and Leguminosae supported the majority of galls. A greater 

specificity of GII is apparently associated with a greater diversity of host species in the 

tropics than in temperate regions. These associations may have occurred due to processes 

of radiation and high rates of speciation in both groups in tropical regions (Gagné 1994; 

Fernandes et al. 1997; Price et al. 1998; Wright & Samways 1998). 

Our site showed greater Gil species richness than another tropical study in Brazilian 

savanna where only four GII species were found on trees, five on shrubs and four on herbs 

in xeric and one on trees and one on shrubs and herbs (Price et al. 1991 ). Plant species 

richness may produce differences in local patterns of GII richness because more plant 

species represent more diverse potential niches (Wright & Samways 1996, 1998; 

Goncalves-Alvim & Fernandes 2001). The high plant species richness at Chamela

Cuixmala is similar to sorne tropical rain forests (Lott et al. 1987) and may be critical for 

Gil species richness. 



25 

Another factor that determines species richness is host plant architecture; plants 

with more ramifications, greater numbers of shoots branches and leaves and larger crown 

volume have more microhabitats, thus favouring the colonization of a wider variety of 

insects (Leather 1986). Trees and shrubs supported more Gii species richness than herbs 

and climbers in both deciduous and riparian habitats thus, overall, supporting the plant 

structural complexity hypothesis. However although pattems in riparian habitats (trees > 

shrubs) were similar to Goncalves-Alvim & Femandes (2001) and those in deciduous 

(shrubs > trees) were more like Femandes & Price (1988). One possibility is that this 

pattem may be associated with differences in secondary metabolites and nitrogen biomass 

between different life forms (e.g. more in trees and shrubs than herbs and climbers) (Coley 

& Barone 1996), allowing trees and shrubs to provide more potential colonization sites. 

The few studies that have documented the variation in diversity and frequency of 

insect herbivores with host plant age show that sorne insect guilds are more diverse on 

saplings and others on mature plants (Lowman 1992; Basset 2001). Differences in plant 

chemistry, leaf palatability, local microclimate and enemy free-space have been suggested 

as possible causes for these differences (Coley & Barone 1996). Microclimate effects, for 

instance may prevent insects dispersing in the sunny upper canopy and the abundance of 

natural enemies can be higher on mature plants than on saplings (Basset 2001 ). In our 

study, Gil frequency was higher onjuvenile stages ofhost plants in trees and shrubs in 

74.2% of the plant species that were associated with GIL Possibly because female insects 

favour juvenile stages of host plants whose lea ves show rapid expansion, higher nutritional 

quality and more secondary metabolites. The association may also be related to the ability 

of Gii to adapt and manipulate their host plants and to sequester secondary metabolites as 

mechanism ofprotection against natural enemies (Comell 1983; Waring & Price 1990; 



Hartley & Lawton 1992; Hartley 1998). Juvenile stages also offer the undifferentiated 

meristems which are stimulated by GII to initiate gall morphogenesis (Weis et al. 1988). 

From the point of view of GII, therefore represent more vigorous plants with fast growth 

and greater temporal availability of resources (Price 1991 ). 
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The resource concentration hypothesis, which propases that high host plant density 

increases GII frequency, has not been tested specifically for a set of GII species in a given 

community. We analyzed the relationships between host-plant density per species and the 

number of galls per plant for each of the very specialized GII species and found that only 

18 ( 46.2%) responded significantly to host plant density when averaged across deciduous 

and riparian habitats. lt is possible that the density and proximity within plant hosts 

regulate GII population sizes via density-dependent mechanisms (Janzen 1970; Connell 

1971). 

We compared two habitats with different moisture conditions. Gii species richness 

on trees and shrubs was greater in deciduous than riparian habitats, as were the frequency 

and intensity of galling (i.e. mean number of galls by plant). Furthermore all but one of the 

six host GII associations that occur in both habitats showed more galls in the deciduous 

habitats. Tree and shrub species richness does not differ between habitats, indicating a 

preference of GII species for plants in the more xeric deciduous habitat. Deciduous 

habitats show synchrony in leaf flushing whereas riparian habitats maintain leaves in the 

dry season. Our results are therefore in accord with the idea proposed by De Souza (2001) 

that vegetation types with synchronous leaf flushing are more likely to harbour higher GII 

species richness than other tropical systems because most insect-induced galls occur on 

young plant tissues, particularly on leaves. 
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Although, we did not evaluate the negative effects on growth and plant reproduction 

ofherbivory by Gii nor the costs to the plants of inducing galls, several studies have 

established that gall induction may damage plants. Negative physiological costs include 

altering the allocation pattems and vegetative growth (Askew 1984; Larson & Whitham 

1991; Hartley 1992, 1998; Wolfe 1997; Rossi & Stiling 1998), negatively affecting 

photosynthetic rates (Fay et al. 1996; Larson 1998) and reducing the plant fitness (Hartnett 

& Abrahamson 1979; Sacchi et al. 1988; Parra-Tabla & Bullock 1998). 

We found that the species richness of Gii in a tropical dry forest such as Chamela

Cuixmala, depends not only on plant species richness but also on life forms ofhost plants, 

ontogenetic stage of host plant and plant density. Even though our study only analyzed Gii 

species that affected leaves, this taxonomically di verse group may have included different 

mechanisms of gall formation and this may have influenced the pattems of incidence of Gii 

found in our study. 

Specialist folivorous insect species behave similarly to Gii in that species richness is 

positively correlated to plant species richness at local and regional scales (Gilbert & Smiley 

1978; Comell 1985; Marquis & Braker 1994). The importance ofplant species richness for 

the radiation of man y groups of specialized herbivores, including Gii species, in tropical 

communities is beyond doubt (Marquis & Braker 1994). Specialist folivores also show 

greater levels of herbivory in saplings than adult trees in shade-tolerant and gap species 

(Waltz 1984). However, unlike folivores such as Heliconius butterflies on Passiflora vines 

and geometrid moths on Piper species, (Marquis & Braker 1994), specialization is 

apparently a general pattem associated with the Gii guild in tropical dry forests: Gii 

colonize young tissues of specific host species by modifying developmental cell 

differentiation. They become sessile insects that depend exclusively on their host, although 
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their ability to sequester chemicals during gall formation (Hartley & Lawton 1992; Hartley 

1998) confers protection to Gil against natural enemies such as predators, parasitoids and 

pathogens (Comell 1983; Waring & Price 1990; Femandes & Price 1992). These 

combinations of developmental and physiological adaptations have resulted in specialized 

interactions common to gall guilds but unusual for most folivorous insect species. 
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Legends to figures 

Fig. 1 Relationships between GII species richness and plant species richness in Chamela

Cuixmala Biosphere reserve in Jalisco, Mexico. Regression models were utilized in each 

habitat. Each point represents a sampling transect. 
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Fig. 2 a) Effect on GII of different life forrns in deciduous and riparian habitats species 

richness. Non-transformed data are shown. Values with the same letter <lid not differ 

significantly after a LSMeans multiple comparison test (P > 0.001). b) Frequency. PROC 

CA TMOD procedure (SAS 2000) was applied for modeling categorical data: Life forrn (x2 

= 18.8; d.f. = 2; P < 0.0001), Habitat (x2 = 8.0; d.f. = 1; P < 0.0047), Life form X Habitat 

cx2 = 23.6; d.f. = 2; P < 0.0001). 

Fig. 3 Mean plant density within and between habitats in the different life forms . Non

transformed data are shown. Commons letters identify means that were not significantly 

different according to LSMeans test (P > 0.001) following ANOV A. 
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Table 1 Orders and families of GII present in the Chamela-Cuixmala 

Biosphere reserve in Jalisco, Mexico. 

Family Host plant taxa Order Family Gall taxa 
Achatocarpaceae Achatocarpus gracilis Unidentified Unidentified Unidentified* 
Apocynaceae Thevetia ovala Diptera Cecidomyiidae Aspondylia sp2 

Bignoniaceae Bignoniaceae Diptera Cecidomyi idae Cecidomyiidae 
Bombacaceae Ceiba aescul(folia Homoptera Psyllidae Psyllidae 

Ceiba grandiflora Homoptera Psyllidae Psyllidae 

Boraginaceae Cordia alliodora Diptera Cecidomyiidae Neolasioptera sp * 
Burseraceae Bursera excelsa Diptera Cecidomyiidae Cecidomyi idae 

Bursera instabilis Diptera Cecidomyi idae Cecidomyiidac 

Convulvalaceae Ipomoea wolcottiana Diptera Cecidomyi idae Aspondylia convolvuli 
Erythroxylacaceae Erythroxylum mexicanum Diptera Cecidomyiidae Neolasioptera erythroxyli 
Euphorbiaceae Croton alamosanus Diptera Cecidomyi idae spl 

Croton pseudoniveus Diptera Cecidomyiidae sp2 

Croton suberosus Diptera Cecidomyiidae sp3 

Jatropha malacophylla Diptera Cecidomyiidae Aspondylia sp 

Jatropha standleyi Diptera Cecidomyiidae Cecidomyiidae 

Flacourtiaceae Flacourtiaceae Diptera Cecidomyiidae Cecidomyiidae 
Hernandiaceae Gyrocarpus jatrophifolius Thysanoptera Thysanoptera 

Leguminosae Caesalpinia caladenia Diptera Cecidomyiidae Cecidomyi idae 
Cynometra oaxacana Diptera Cecidomyi idae Cecidomyi idae 

Lonchocarpus eriocarinalis Homoptera Kermidae Euphalerus sp 1 

Lonchocarpus sp Homoptera Kermidae Euphalerus sp2 

Prosopissp H ymenoptera Tanaostigmatidae Tanaostigma sp 

Moraceae Brosimum alicastrum Homoptera Kermidae Trioza rusellae 
Chlorophora tinctoria Diptera Cecidomyi idae Clinodiplosis chlorophora 

Ficus cotinifolia Diptera Cecidomyiidae Cecidomyi idae 

N ictagynaceae Guapira macrocaipa Unidentified Unidentified Unidentified* 
Polygonaceae Coccoloba barbadensis Diptera Cecidomyiidae Ctenodacty/omyia sp 

Ruprechtia fusca Unidentified Unidentified Unidentified * 
Rubiaceae Guettarda elliptica Diptera Cecidomyi idae Cecidomyiidae* 

Randia spinosa Diptera Cecidomyiidae Bruggmannia randiae 

Sapindaceae Thounidium decandrum Unidentified Unidentified Unidentified 
Simaroubaceae Recchia mexicana Unidentified Unidentified Unidentified 
Tiliaceae Heliocarpus pal/idus Diptera Cecidomyiidae Neolasioptera heliocarpi* 
Urticaceae Urera caracasana Diptera Cecidomyi idae Cecidomyiidae 
Verbenaceae Vitex hemsle~i Di2tera Cecidom:tiidae Cecidom:tiidae 

* GII species present in both habitats 
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Table 2 Mean number (± SE) of galls per plant in six gall-host plant associations that 

occurred in deciduous and riparian habitats. t paired test (box-cox transformation data) was 

applied on each plant species. 

Plant species Gal! taxa Deciduous Riparian d.f. P< 
habitats habitats val u e 

Achatocarpus gracilis Unidentified (565 .9 ± 12.4) (96.1±7.1) 12.9 37 0.0001 

Cordia alliodora Neolasioptera sp (90.7 ± 7.5) (50.1 ± 5.3) 3.1 53 0.002 

Guettarda elliptica Cecidomyi idae (59 .6 ± 5.3) (43.4 ± 3.6) 2.7 28 0.01 

Heliocarpus pal/idus Neolasioptera heliocarpi (109.8±6.3) (50.4 ± 3.9) 6.7 38 0.0001 

Ruprechtia fusca Unidentified (196.4±4.7) (126.7 ± 5.8) 6.1 37 0.0001 

Guapira macrocarpa Unidentified (288.9 ± 11.9) (274± 13.4) 0.39 44 n.s. 
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Table 3 Logistic regression of frequency of GII on trees and shrubs of different ages. 

PROC GENMOD procedure (SAS 2000) was applied for each plant species. 

Host plant taxa Host plant age Chi-square P< 
maximum likelihood 

estima tes 
Achatocarpus gracilis -0.24 10.3 0.001 
Thevetia ovala -0.62 16.6 0.0001 
Bignoniaceae -1.36 11.3 0.0008 
Ceiba aesculifolia -0.16 3.2 n.s. 
Ceiba grandiflora -0.12 1.9 n.s. 
Cordia alliodora -0.79 46.6 0.0001 
Bursera excelsa -1.13 11.9 0.0005 
Bursera instabilis -0.38 7.3 0.006 
Ipomoea wolcottiana -0.46 24.6 0.0001 
Erythroxylum mexicanum -0.62 2.3 n.s. 
Croton alamosanus -0.46 19.5 0.0001 
Croton pseudoniveus -0.37 13.6 0.0002 
Croton suberosus -0.6 36.8 0.0001 
Jatropha malacophylla -0.04 0.46 n.s. 
Jatropha standleyi -0.29 16.9 0.0001 
Flacourtiaceae -0.99 10.6 0.001 
Gyrocarpus jatrophifolius -0 .76 17.5 0.0001 
Caesalpinia ca/adenia -0.06 0.53 n.s. 
Cynometra oaxacana -0 .15 26.6 0.0001 
Lonchocarpus eriocarinalis -0.55 20.6 0.0001 
Lonchocarpus sp. -0.7 11.7 0.0006 
Prosopis sp. -0.58 15 .6 0.0001 
Brosimum alicastrum -0.23 24.2 0.0001 
Chlorophora tinctoria -0.19 5.6 0.01 
Ficus cotinifolia -0.02 0.95 n.s. 
Guapira macrocarpa -0 .32 17.4 0.0001 
Coccoloba barbadensis -1.31 2.2 n.s. 
Ruprechtia fusca -1.4 31.9 0.0001 
Guettarda elliptica -0 .6 1 21.6 0.0001 
Randia spinosa -0.06 1.1 n.s. 
Thounidium decandrum 0.011 0.01 n.s. 
Recchia mexicana -0 .31 12.7 0 .004 
Heliocarpus pallidus -0.18 12.0 0.0005 
Urera caracasana -0.14 11.2 0.0008 
Vitex hemsle)l_i -0.86 9.6 0.001 
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Table 4 Relationship between frequency of galls and plant density host. PROC CATMOD 

procedure (SAS 2000) was applied for modeling binary logit to each plant species. 

Host plant species Host plant Chi-square P< 
density 

Achatocarpus gracilis 20.71 4.29 0.0381 
Cordia alliodora 39.63 4.95 0.0261 
Bursera instabilis 95.41 3.96 0.0464 
lpomoea wolcottiana 48.77 15.06 0.0001 
Croton alamosanus 10.46 9.14 0.0025 
Croton pseudoniveus 136.0 10.05 0.0015 
Croton suberosus 30.16 13.38 0.0003 
Gyrocarpus jatrophifolius 29.86 10.42 0.0012 
Caesalpinia ca/adenia 29.53 18. l 0.0001 
Cynometra oaxacana 22.48 31.2 0.0001 
Brosimum alicastrum 28.15 20.12 0.0001 
Guapira macrocarpa 24.6 14.06 0.0002 
Coccoloba barbadensis 59.26 12.92 0.0003 
Ruprechtia fusca 43 .76 10.64 0.0011 
Recchia mexicana 112.4 8.17 0.0042 
Heliocarpus pallidus 45.09 7.53 0.0061 
Urera caracasana 132.0 14.22 0.0002 
Vitex hemsleyi 46.17 6.13 0.0133 
Thevetia ovala 8.36 0.2432 n.s. 
Bignoniaceae 6.42 0.0171 n.s. 
Ceiba aesculifolia 2.93 0.484 n.s. 
Ceiba grandiflora 58.51 1.94 n.s. 
Bursera excelsa 77.48 3.47 n.s. 
Erythroxylum mexicanum 21.18 0.9444 n.s. 
Jatropha malacophylla 35.9 2.64 n.s. 
Jatropha standleyi 6.09 0.053 n.s. 
Flacourtiaceae 6.67 0.0077 n.s. 
Lonchocarpus eriocarinalis 21.23 0.445 n.s. 
Lonchocarpus sp. 16.37 0.4093 n.s. 
Prosopis sp. 55.88 1.48 n.s. 
Ficus cotinifolia 25.24 1.49 n.s. 
Chlorophora tinctoria 20.41 17.44 n.s. 
Guettarda elliptica 4.02 0.36 n.s. 
Randia spinosa 46.45 1.71 n.s. 
Paullinia cururu 58.63 0.4897 n.s. 
Paullinia sessiliflora 15.79 0.1358 n.s. 
LijJ_p_ia g_raveolens 25.05 0.247 n.s. 
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Table 5 Relationship between mean number of galls per plant and host plant density. 

Famil}: Plant s2ecies Eguation r F P< 
Achatocarpaceae Achatocarpus gracia/is y=3617x+l7.5 79.9 212.5 0.0001 
Bignoniaceae Bignoniaceae y= 7573.4x +25.6 74.3 11.5 0.02 
Boraginaceae Cordia alliodora y= 2778.4x -11.6 89.4 102.9 0.0001 
Convulvalaceae Ipomoea wolcottiana y= 7080.4x +12.9 58.1 8.4 0.02 
Euphorbiaceae Croton alamosanus y= 735.lx +30.9 74.4 17.4 0.005 

Croton pseudoniveus y= 8791.lx + 1.35 60.9 17.2 0.0001 
Croton suberosus y= 939.9x +18.1 87.8 87.3 0.0001 

Hemandiaceae Gyrocwpus jatrophifolius y= 20738x -321.4 62.0 8.2 0.03 
Moraceae Brosimum alicastrum y= 5949.3x -19.9 89. l 99.8 0.0001 

Chlorophora tinctoria y= 1267.lx+27.6 72.2 13.0 0.01 
Nyctaginaceae Guapira macrocarpa y= 2391.2x +267.5 72.8 35.8 0.0001 
Polygonaceae Ruprechtia fusca y= 917.6x + 154.5 81.3 21.7 0.005 

Coccoloba barbadensis y=4693.lx-13.9 81.2 30.3 0.0009 
Rubiaceae Guettarda elliptica y= 899.5x +34.1 89.9 35 .8 0.0001 
Y erbenaceae Vitex hemsleyi y= 9648. lx +237.1 45.5 10.2 0.008 
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Abstract. It has been proposed that fertile soils reduce the incidence of gall-forming insect 

(GFI) species in plant communities. This is known as the soil fertility hypothesis. The 

main objective of this study is to analyze the spatial distribution of GFI species under 

different habitats in a tropical dry forest at the Chamela-Cuixmala Biosphere Reserve, 

Mexico. Eight habitats which differ in soil type, topography, nutrient availability and 

vegetation were chosen. We found that 38 GFI species specialize on their host plant 

species. GFI species richness was negatively correlated with phosphorous and nitrogen 

availability. Using phosphorous as an indicator of soil fertility, we found low frequency 

and density of GFI on fertile soils. Our study indicates that soil fertility is one of the 

factors that negatively affects the pattems of spatial distribution of species richness, 

incidence and abundance of GFI at the community level in two different ways: i) indirectly 

affecting GFI species richness in plants adapted to infertile soils and ii) directly affecting 

GFI responses to plant traits of hosts found in a fertility gradient. 

Keywords Gall species richness, Soil fertility, Tropical dry forest, Herbivory by GFI 
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Introduction 

General pattems of gall-forming insect (GFI) species richness are not random in tropical 

and temperate communities. GFI species richness increases as latitude and altitude 

decrease for several regions in the world (Femandes and Price 1988, 1991, Price 1991, 

Femandes and Lara 1993, Price et al.1998). These pattems have indicated that GFI species 

richness tends to be highest in subtropical latitudes (25-38º N or S) and on scleromorphic 

vegetation (Price et al. 1998). Both biotic ( e.g., natural enemies, host richness, plant 

structural complexity, host density) and abiotic factors (e.g. hygrothermal stress, 

scleromorphic environments and soil fertility) have been invoked to explain GFI species 

richness (Wright and Samways 1996, 1998, Femandes and Price 1991, Lara and Femandes 

1996, Ribeiro et al. 1998, Oyama et al. 2003). 

Several different hypotheses have been proposed to explain the observed pattems of 

GFI species richness. The hygrothermal hypothesis proposed by Femandes and Price 

(1988) states that GFI species richness increases with an increase in hygrothermal stress. 

This hypothesis was based on two different sources of evidence: comparative studies 

looking for global pattems and local studies on the adaptive significance of GFI in plants 

located in xeric and mesic habitats. The first source of evidence found that GFI are more 

common in scleromorphic than mesophytic vegetations, because sclerophyllous plants 

present lower rates of leaf abscission, thereby reducing hygrothermal stress and increasing 

resistance against natural enemies. These plant traits provide favorable sites for GFI 

colonization (Price et al. 1998). The second evidence shows that GFI have lower rates of 

mortality in xeric than in mesic environments because pathogens and parasites are less 

abundant in this habitat (Femandes and Price 1992). 
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In addition to the hygrothermal hypothesis, Femandes and Price (1991) also argued 

that soil fertility is an important factor that affects GFI species richness in relation to 

latitudinal gradients. This hypothesis states that lower GFI species richness should occur in 

fertile soils. Evidence indicates that low contents of phosphorous are associated with a 

greater number of GFI species (Femandes and Price 1991, Goncalves-Alvim and Femandes 

2001). Plant species that grow under conditions of infertile soils tend to have lower rates of 

growth and to accumulate higher concentrations of secondary metabolites such as oils, 

phenols, alkaloids and terpenoids (McKey et al. 1978, Medina et al. 1990, Femandes and 

Price 1991, Femandes et al. 1994). GFI species can use defense compounds oftheir host 

plants by sequestering secondary metabolites during the formation of gall tissues (Hartley 

1992; 1998). The accumulation of these chemicals confer protection to GFI against natural 

enemies such as chewing herbivores, fungí and others pathogens (Comell 1983, Hartman 

1985, Waring and Price 1990, Femandes and Price 1992). In contrast, Blanche and 

Westoby (1995) showed that GFI species richness was not linked directly to soil fertility 

but via host plants that have adapted to infertile soils, such as sorne eucalypt trees in 

Australia. 

Only few empirical studies have evaluated the effect of soil properties on the 

abundance, survivorship and species richness of GFI at a local or regional scale (Blanche 

1994, Blanche and Westoby 1995, Orians and Fritz 1996, Blanche and Ludwig 2001, 

Goncalves-Alvim and Femandes 2001 , Cuevas-Reyes et al. 2003). Because the pattems of 

GFI species richness are not always consistent in tropical regions, particularly the effect of 

soil fertility, the objective of our study is to evaluate the effects of soil fertility on GFI 

species richness in a tropical dry forest. It is known that this ecosystem contains soils with 

contrasting fertility (Mooney et al. 1995). Therefore, the tropical dry forest is ideal to 



evaluate the spatial pattems of herbivory and GFI species richness with regard to 

contrasting soil types. 

The hygrothermal hypothesis and the soil fertility hypotheses are not mutually 

exclusive and both indicate that high GFI species richness is associated to sclerophyllous 

plants (Femandes and Price 1988, 1992; Price et al. 1998). However, the pattems of GFI 

species on scleromorphic plants are inconsistent and in sorne cases do not support the 

hygrothermal stress or soil fertility hypotheses because these variables are confounded in 

habitats with scleromorphic vegetation (Veldtman and McGeoch 2003). In our study, in 

deciduous and riparian communities, hygrothermal stress during the wet season is not 

present and the occurrence of sclerophyllous vegetation is limited. 
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This is the first study that documents the specificity of GFI plant interactions in a 

tropical dry forest community. This study evaluates in detail the soil fertility hypothesis by 

examining how differences among plant species and differences within a plant species 

affect GFI species richness and abundance. We test the soil fertility hypothesis in eight 

distinct habitats with different soil types, topography, nutrient availability and vegetation. 

In particular, we address the following questions: (1) What is the degree of specialization 

between GFI and their host plant species? (2) What is the relationship between GFI species 

richness and soil fertility? (3) Does soil fertility reduce the incidence and intensity of 

damage by GFI? 

Materials and methods 

Study site 

The study was conducted at the Chamela-Cuixmala Biosphere Reserve on the Pacific coast 

of Jalisco, Mexico that covers an extension of 13,200 ha. The elevation of this site ranges 
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between 50-500 m, the average annual precipitation is 748 mm and the rainy season occurs 

from June to October (Bullock 1985). The predominant vegetation is tropical deciduous 

forest, with sorne patches oftropical riparian forest in the "arroyos" (Rzedowski 1978). For 

more details on the site, see García-Oliva et al. (2003). 

Soil fertility 

In a previous study, Cotler et al. (2002) published a morphopedological map of the study 

si te. This map is accompanied by a description of the main geomorphologic habitats and 

the soils associated with them. It was produced by interpretation of aerial photographs 

(scale 1/5 000). The soil data comprised the following: soil depth, pH, available 

phosphorous and total nitrogen contents, exchangeable base cations, particle size 

distribution, total organic carbon contents and the available water holding capacity. The 

soil survey was done on 21 representative soil profiles in the different geomorphological 

habitats. The chemical and physical analysis of the soil properties of each habitat were 

conducted by Cotler et al. (2002) and included the following: i) available phosphorous -

phosphorus extraction with ammonium fluoride solution (Bray I) and colorimetric 

determination ofblue complexes formed with ammonium molibdate using ascorbic acid

like reducer (ISRIC 1992); ii) total nitrogen - digestion with H2S04 and colorimetry to 660 

nm determination of the green complex formed with sodium nitro-ferricianure and sodium 

hypochlorite, iii) exchangeable cations ( calcium, magnesium and sodium) - determination 

by ammonium acetate extraction 1 N to pH 7, ration 1: 1 O and determínate by atomic 

absorption (ISRIC 1992) and iv) humus - calculated from organic carbon multiplied by 

1. 724 factor. 

• 
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Soil habitats were classified as follows: hill top over granite, hill top with 

conglomerate cover over tuffs, upland hills over granite, hill top over tuffs, irregular 

hillsides over granite, convex hills over tuffs, recent and old alluvium terraces. Hill top 

over granite habitats are located between 140 and 150 m in elevation, in haplic lixisol with 

sandy-clay texture at the surface with very low water holding capacity. Hill top with 

conglomerate cover over tuffs are found between 11 O and 115 m in elevation, in eutric 

regosol soils with sandy-clay texture at the surface that allow moderate drainage and 

limited aeration. Upland hills over granite are found between 280 and 540 m in elevation 

in haplic lixisol soils with sandy-clay texture at the surface but with high drainage capacity 

and very well aerated. Hill top over tuffs are found between 11 O and 130 m in elevation, in 

eutric cambisol soils with clay texture at the surface with low water holding capacity. 

Irregular hillsides over granite were located between 130 and 170 m in elevation, in luvi

eutric regosols soils with clay and sandy texture and with well drainage and aeration. 

Convex hills over tuffs are between 90 and 11 O m in elevation, in eutric regosol soils with 

sandy and clay texture at the surface with low water holding capacity. Recent alluvium 

terraces are between 80 and 85 m in elevation, in eutric regosol soils in alluvial 

accumulations well drained and aerated. Recent alluvium terraces are between 80 and 95 m 

in elevation, in eutric fluvisol soils in alluvial accumulations well drained and aerated. Six 

habitats are located in deciduous communities ( e.g. hill top over granite, hill top with 

conglomerate cover over tuffs, upland hills over granite, hill top over tuffs, irregular 

hillsides over granite and convex hills over tuffs) and two habitats in riparian communities 

(recent and old alluvium terraces). In both communities, water stress during the wet season 

is low and sclerophyllous vegetation is not present (Reich and Borchert 1984; Holbrook et 

al. 1995). In each habitat, five transects of 50 x 5 m were randomly selected from a grid 



system developed within each habitat using random numbers to assure sampling 

independence. To corroborate sampling adequacy of GFI species, we used a GFI species 

accumulation curve across all habitats. 

GFI Census: Species richness and abundance 
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In order to estimate GFI species richness, we identified and collected all GFI species and 

their respective host plants in all habitats. We verified the degree of specificity of each 

GFI, identifying taxonomically each insect specimen collected in the field and rearing galls 

in the laboratory until the emergence of adult insects. Because the induction by ali GFI 

species studied only affected leaves, we restrict our study to GFI of the same guild. 

After a preliminary analysis of presence of GFI species and their host plants in the 

Chamela-Cuixmala Biosphere reserve, we found that only eleven GFI species were always 

present in all the selected habitats. Therefore, for comparative purposes, GFI frequency 

and density were estimated only in these species. To compare the susceptibility to galls on 

the same plant species located in different conditions of soil fertility, we registered the 

frequency of GFI on specific host plants in each transect in all habitats. Fifty leaves were 

randomly collected in plants of eleven specific host species in ali habitats, and the number 

of galls per square centimeter of vegetal tissue was estimated in order to test if soil fertility 

reduces the damage caused by GFI. 

Statistical analyses 

To determine the relationships between GFI species richness and nutrient availability, we 

included the total number of GFI species registered in ali habitats. A regression analysis 
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was used to analyze the relationship between GFI species richness and soil fertility across all 

habitats. 

To determine if differences of content in soil properties occur between different 

habitats, we applied an ANOV A to compare each soil property at the eight habitats (box-cox 

transformation data) anda posteriori Tukey tests (Stokes et al. 2000). Habitats were used as 

independent variables, and each soil property as the response variable. 

A generalized linear model analysis was used to determine if the frequency and 

density of GFI depended upon soil fertility (Stokes et al. 2000). Total frequency of galls and 

gall density of each GFI species were used as the dependent variables. Because the 

distribution of these variables <loes not follow a normal distribution, we used a Poisson 

distribution for the dependent variables, with a logarithmic link function using the 

GENMOD procedure from SAS (Stokes et al. 2000). The model used has two conditions as 

categorical independent variables (soil fertility and species). We analyzed the frequency and 

density of GFI on 11 species of host plants that occurred in 8 different soil habitats. A type 

III statistic is calculated for each effect (Stokes et al. 2000). 

RESULTS 

Soil fertility 

Habitats differed significantly in soil properties (Table 1). Available phosphorous and total 

nitro gen concentrations were chosen as indicators of soil fertility as in other studies ( e.g. 

Blanche and Westoby 1994). Phosphorous content was greater in alluvial soils and convex 

hills over tuffs than in other habitats (F = 57.4; d.f. = 7; P < 0.0001). A similar pattern was 

encountered with nitrogen content which was greater in alluvial terraces and irregular 

hillsides over granite than other habitats (F = 17.4; d.f. = 7; P < 0.0001) (Table 1). 
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General GFI díversity and GFI specíalízatíon 

In total for all habitats, we found 38 GFI species represented in four orders: Diptera 

(Cecidomyiidae family) which induced the majority of galls on plants with 26 species (68.4 

%); Homoptera [Kermidae (7.9%) and Psyllidae (5.3%) families], Hymenoptera 

[Tanaostigmatidae, (2.6%)] and Thysanoptera (2.6%) galls being rare, and five 

morphospecies (13.2%) were unidentified. In all cases, each GFI species was associated 

with one specific plant species (Table 2). Figure 1 shows adequacy of our sampling 

assessment, as the number of GFI species reach an asymptotic curve in relation to the 

number of habitats. 

Our results indicate that there was not a significant relationship between the altitude 

of different habitats and GFI species richness (y= 0.026x+ 15.58; r2 = 0.09; P = 0.46) and 

GFI density (y= 0.002x + 0.3414; r2 = 0.22; P = 0.23). 

GFI species richness and abundance 

The number of GFI species was negatively correlated with availability of phosphorous (y = 

19.5 x-02
; r2 = 78.3%; P < 0.02) and total nitrogen content (y= 15.6 x-0

·
25

; r2 = 44.7%; P < 

0.03) in the tropical dry forest at Chamela-Cuixmala Biosphere Reserve (Fig. 2). 

We registered only eleven GFI species associated with specific host plants that were 

always present in all habitats, the rest of the GFI species were present on host plant species 

in one or another habitat (Table 2). In these eleven plant species, we recorded a total of 834 

plants with GFI. The frequency of GFI was significantly greater in habitats with low 

fertility such as hill top over granite, hill top with conglomerate cover over tuffs and hills 

tops over tuffs than other habitats with greater soil fertility (soils: x2 = 34.2; d.f. = 7; P < 



0.0001) (Fig 3a). The frequency of GFI did not differ significantly among eleven plant 

species that occurred in all habitats (species: y}= 0.8; d.f. = 1 O; P > 0.05) (Fig. 3a). 
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GFI density on specific host plants was associated with soil fertility and plant 

species. GFI density in plants was significantly greater in habitats with low available 

phosphorous and total nitrogen. Plants found in sites with low soil fertility such as hill top 

over granite and hill top with conglomerate cover over tuffs harbored greater GFI density 

than plants distributed in habitats with greater soil fertility such as alluvial soils (soils: x2 = 

51.4; d.f. = 7; P < 0.0001 ). In addition, GFI density was significantly different between 

host plant species (species: x2 
= 98.8 d.f. = 10; P < 0.0001) (Fig. 3b). 

Discussion 

In the Chamela-Cuixmala Biosphere Reserve, soil type combined with different conditions 

in temperature, humidity, soil pH, nutrients and water availability, establish a patchy 

landscape that supports different vegetation types (Lott et al 1987; Cotler et al. 2002). 

Availability ofwater and nutrients are also heterogeneous; seasonal rainfall pattems are 

responsible for changes in the water and nutrient balance, where the limiting factor in all 

habitats seems to be phosphorous availability (Jaramillo and Sanford 1995). However, 

phosphorous concentration is high on alluvial sites, intermediate on tuffs and conglomerate 

sites, and low on granite sites. We used phosphorous availability and total nitrogen as 

indicators of soil fertility. Our study directly identified the specificity of GFI species with 

their respective host plants. This recognition of taxa demonstrated that there is a one to one 

relationship between plants and GFI, and that this relationship is maintained across 

different habitats. Our results showed that in a tropical dry forest soil fertility negatively 



affects GFI species richness. GFI species richness was negatively correlated with soil 

phosphorous and nitrogen availability in deciduous and riparian communities. Limiting 

macronutrients in the soils such as phosphorous and nitrogen, affects the frequency and 

density of GFI species on specific host plants across communities in this tropical region. 

Two possible explanations that are not mutually exclusive have been presented in the 

literature to explain the relationship between soil fertility and GFI species richness. 

Blanche and Westoby (1995) found in Australia that GFI species richness is not directly 

linked to soil fertility but, instead, via host plant taxon in a community dominated by 

Eucalyptus spp. The mechanism that explained this result is that eucalypts are adapted to 

infertile soils and may indirectly affect the incidence of GFI that were airead y in 

association with the Eucalyptus community. In contrast, Femandes and Price (1991) 

suggest that soil fertility directly affects plant traits via natural selection and that the 

colonization of GFI species is favored by these plant traits. 
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Our first result indicates that the number of GFI species is negatively correlated 

with soil fertility for all the host plant species that occur in different habitats. As suggested 

by Blanche and Westoby ( 1995), this result may be explained by indirect effects associated 

with local adaptations of specific host plant taxa to soil fertility. Plants that have adapted to 

infertile soils tend to have a greater concentration of secondary metabolites and foliar 

nitrogen availability than plants in fertile soils (Coley et al. 1985; Coley and Barone 1996). 

Therefore, plants growing on infertile soils may provide more potential sites to be 

colonized by gall insects (Cuevas-Reyes et al. 2003). Plant species respond to infertile soil 

by having long-lived parts defended by digestion-inhibiting secondary metabolites (Coley 

et al. 1985) which make them less palatable to herbivores in general. However, many GFI 

species ha ve the ability to manipulate the chemistry of their host plants and sequester 
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defensive chemicals in the gall wall to protect them from externa} feeders that might eat the 

gall and natural enemies such as fungi and other pathogens (Comell 1983). In addition, 

nitrogen and phosphorous deficiencies may block protein synthesis and reduce the 

production of starch formation in plants (White 1984, 1993). 

Our second result indicates that soil fertility negatively affects the frequency and 

density of GFI within individuals of 11 host plant species that are present in 8 soil habitats 

with contrasting fertility. A given host species that occurred in severa} habitats with low 

levels of soil phosphorous and nitro gen had greater GFI than the same host species that 

grew in fertile si tes. Therefore, direct effects of soil fertility may also explain the reduction 

in the frequency and density of GFI on host plants species that are present across a soil 

fertility gradient. Adaptive phenotypic plasticity within each host species may explain 

differences in the incidence of GFI for the 11 host plant species analyzed in our study 

(Herms and Mattson, 1992, Schlichting and Pigliucci 1998). Host plants of the same 

species adapt to variable soil environments and GFI negatively respond to the quality of the 

environment experienced by their hosts. Because it has been shown that host plants 

produced more defensive compounds under low soil fertility and GFI sequestered these 

chemicals in the gall wall for protection, we expect GFI to select individuals of a given host 

species with greater chemical defenses under low nutrient availability. 

Most studies have assumed that the morphology of gall chambers is unique to each 

GFI species and that gall species are specific to a single plant species (Koach and Wool 

1977, Bearsley 1982; Ananthakrishnan 1984, Dodson and George 1986, Weis et al. 1988, 

Floate et al. 1996, Hartley 1998, Nyman et al. 1998, Nyman et al. 2000, Cuevas-Reyes et 

al. 2003; Oyama et al. 2003). However, none of these studies assessed the specificity of 

GFI species with their respective host plants. This assessment is important because various 
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hypotheses on GFI species richness are based on this assumption and, in sorne cases, a 

single plant species hosted numerous GFI species that induced a particular gall morphology 

(Femandes and Price 1988, Waring and Price 1989, Femandes et al. 1996). Therefore, it is 

necessary to establish the specific relationship of GFI species with their host plant species. 

Our study is the first that shows dírectly the specificity of GFI with their host plants at the 

community level, and corroborates the assumed greater specificity of GFI species with their 

host plant species; one GFI species is associated with one specific plant species. We 

conclude that soil fertility is one of the factors that affects the pattems of spatial distribution 

of GFI and favor the GFI species richness, incidence and GFI abundance at the community 

level in two different ways: i) indirectly affecting the GFI specíes richness in plants adapted 

to infertíle soils and ii) directly affecting GFI responses to plant traits of hosts found in a 

fertility gradient. We provide the first evidence of GFI diversity for a tropical dry forest in 

the world. These results show the ecological importance of abiotic factors in structuring 

plant-insect interactions in the tropics. We also show that it is necessary to corroborate the 

specificity of GFI species on host plant species in all studies of GFI diversity because all 

the hypotheses are based on this assumption. In our case, each GFI species maintained a 

great specificity to their host plant species. 
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Table 2 Orders and families of GFI present in tropical dry forest at Chamela-Cuixmala 

Biosphere reserve in Jalisco, Mexico. The asterisk indicate Gii species present in all habitats 

Family Host plant taxa Order Family Gall taxa Habitats 
12345678 

Achatocarpaceae Achatocarpus gracilis Unidentified Unidentified Unidentified * X X X X X X X X 

A pocynaceae Thevelia ovata Diptera Cecidomyiidae Aspondylia sp2 X X X X X 

Bignoniaceae Bignoniaceae Diptera Cecidomyiidae Cecidomyiidae X X X X X 

Bombacaceae Ceiba aescu/ifo/ia Homoptera Psyllidae Psyllidae X X X X X X 

Ceiba grandiflora Homoptera Psyllidae Psyllidae X X X X X X 

Boraginaceae Cordia alliodora Diptera Cecidomyi idae Neolasioptera sp * X X X X X X X X 

Burseraceae Bursera excelsa Diptera Cecidomyiidae Cecidomyiidae X X X X X X 

Bursera instabilis Diptera Cecidomyiidae Cecidomyiidae X X X X X 

Convulvalaceae lpomoea wo/cottiana Diptera Cecidomyi idae Aspondylia convo/vu/i * X X X X X X X X 

Erythroxylacaceae Erythroxy lum mexicanum Diptera Cecidomyiidae Neolasioptera erythroxy/i X X X X X 

Euphorbiaceae Croton alamosanus Diptera Cecidomyiidae spl X X X X X X 

Croton pseudoniveus Diptera Cecidomyiidae sp2 * X X X X X X X X 

Croton suberosus Diptera Cecidomyiidae sp3 X X X X X X 

Jatropha malacophylla Diptera Cecidomyiidae Aspondylia sp • X X X X X X X X 

Jatropha standleyi Diptera Cecidomyiidae Cecidomyiidae X X X X X X 

Flacourtiaceae F/acourtiaceae Diptera Cecidomyi ida e Cecidomyiidae X X X X 

Hemandiaceae Gyroca1pusjatrophifolius Th ysanoptera Thysanoptera X X X X X X 

Leguminosae Caesalpinia ca/adenia Diptera Cecidomyiidae Cecidomyiidae X X X X X X 

Cynometra oaxacana Diptera Cecidomyiidae Cecidomyiidae X X X X 

lonchocarpus eriocarinalis Homoptera Kermidae Euphalerus spl * X X X X X X X X 

lonchocarpus sp Homoptera Kermidae Euphalerus sp2 * X X X X X X X X 

Prosopis sp Hymenoptera Tanaostigmatidae Tanaosligma sp X X X X X 

Moraceae Brosimum alicastn1m Homoptera Kermidae Trioza rusellae X X X X X 

Ch/orophora tinctoria Diptera Cecidomyiidae C/inodiplosis chlorophora X X X X X X 

Ficus cotinifo/ia Diptera Cecidomyiidae Cec idomyi idae X X X X X X 

Nictagynaceae Guapira macrocarpa Unidentified U nidenti fied Unidentified * X X X X X X X X 

Polygonaceae Coceo/aba barbadensis Diptera Cecidomyiidae Ctenodactylomyia sp X X X X 

Ruprechtia fusca Diptera Cecidomyiidae Cecidomyiidae * X X X X X X X X 

Rubiaceae Guettarda elliptica Diptera Cecidomyiidae Cecidomyiidae • X X X X X X X X 

Randia spinosa Diptera Cecidomyiidae Bruggmannia randiae X X X X X 

Sapindaceae Pau/linia cururu Diptera Cecidomyiidae spl X X X X X X 

Paullinia sessiliflora Diptera Cecidomyiidae sp2 X X X X X X 

Thounidium decandrum Unidentified Unidentified Unidenti fied X X X X 

Simaroubaceae Recchia mexicana Unidentified Unidentified Unidentified X X X X X X 

Tiliaceae Heliocmpus pal/idus Diptera Cecidomyiidae Neolasioptera heliocarpi * X X X X X X X X 

Urticaceae Urera caracasana Diptera Cecidomyiidae Cecidomyiidae X X X X 

Verbenaceae lippia graveo/ens Diptera Cecidomyiidae Pseudomikola lippia X X X X X 

Vitex hemsleyi Diptera Cecidomyiidae Cecidomyiidae X X X X X X 

Hill top over granite (1) Recent alluvium terrace (6) 
Hill top with conglomerate cover over tuffs (2) Convex hills over tuffs (7) 
Upland hills over granite (3) Old alluvium terrace (8) 
Hills top over tuffs ( 4) 
Irregular hillsides over granite (5) 
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Legends to figures 

Figure 1 Species accumulation curve for GFI on different habitats 

Figure 2 Relationships between GFI species richness and available phosphorous 

contents in soil (a), total nitrogen amount in soil (b) at the Chamela-Cuixmala 

Biosphere reserve in Jalisco, Mexico. Regression models were utilized in each nutrient 

of soil. 

Figure 3 (a) Mean frequency of GFI on host plants in different habitats in Chamela

Cuixmala Biosphere reserve in Jalisco. GENMOD procedure (SAS 2000) was applied 

for generalized linear model (soils I= 34.2; d.f. = 7; P < 0.0001; species I= 0.8; d.f.= 

1 O P > 0.05) (b) Mean GFI density per leaf on different host plants. GENMOD 

procedure (SAS 2000) was applied for generalized linear model (soils I= 52.4; d.f. = 7; 

P < 0.0001; species I= 98 .8; d.f. = 10; P < 0.0001). Different letters indicate 

statistically significant differences after a least squares means test (P < 0.05). The 

habitats are ordered from low to great soil fertility (Phosphorous) ( 1) Hill top o ver 

granite (2) Hill top with conglomerate cover over tuffs, (3) Upland hills over granite, (4) 

Hills top over tuffs, (5) Irregular hillsides over granite, (6) Recent alluvium terrace, (7) 

Convex hills over tuffs, (8) Old alluvium terrace 
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Abstract 

We evaluate the temporal and spatial pattems ofherbivory and the amount of herbivory 

caused by gall-inducing insects (Gil) in deciduous and riparian habitats in a seasonal 

tropical dry forest in Mexico. Plants occurring in these habitats differ in their 

phenology and moisture availability. Deciduous habitats are seasonal and xeric, while 

riparian habitats are aseasonal and mesic. We found 37 Gil species associated with 

specific plant species, of which 19 (51.3%) were present in deciduous, 13 (35.2%) in 

riparian and only 5 (13 .5%) occurred in both habitats. Herbivory by GII was greater in 

deciduous than riparian habitats during the wet season. In GII species that occurred in 

both habitats, we found that host plant species supported greater herbivory by Gii in 

deciduous than in riparian habitats. These results indicate a greater preference of G II 

species for host plants in deciduous than riparian habitats during the wet season. In 

riparian habitats, 11 plant species (61.1 %) had greater density of Gii in the dry than the 

wet season. Similarly, leaf area affected by Gii was significantly greater in dry than 

wet season in riparian habitats for 12 plant species (66.7%). These results indicate that 

dry forest plants of riparian habitats present two peaks ofleaf-flushing, Gii colonize 

lea ves produced in the first peak at the beginning of the wet season and accumulate or 

re-colonize lea ves in the second peak at the beginning of the dry season. The levels of 

herbivory by GII detected in this study (mean 14.9% in the rainy season: range l .57-

97. 7) are considerably higher than those obtained for folivorous insects in other 

neotropical forests suggesting that this Gii guild may have an important impact on their 

host plant species in this tropical community. 

Keywords: Deciduous and riparian habitats; gall-inducing insects; herbivory; plant-

insect interactions; seasonality; tropical dry forest. 
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To UNDERSTAND THE JMPACT OF HERBJVORES ON THEIR HOST PLANT SPECIES it is 

necessary to quantify the variation in the amount of leaf area affected by herbivores and 

the composition of insect herbivores that affect the foliage of these plants (Marquis 

199 l ). Several studies have shown that folivorous insects have negative effects on plant 

growth, reproduction and photosynthetic capacity in temperate and tropical forests 

(Bazzaz et al. 1987; Milewski et al. 1991; Karban & Strauss 1993; Morrison & Reekie 

1995; Quesada et al. 1995; Parra-Tabla & Bullock 1998; Kaetaniemi et al. 1999; 

Mothershead & Marquis 2000) but see (Avila et al. 2003). In seasonal communities 

such as tropical dry forests, the impact of insect generalists on host plant has been much 

less documented (Janzen 1981; Filip et al. 1995) and herbivory patterns and abundance 

of insect specialists are unknown. 

In tropical dry forests the timing of insect herbivore damage is particularly 

important given the strong seasonality between wet and dry season within ayear. In 

this forest, the abundance of most herbivore insects in the dry season is relatively low 

and increases during the wet season (Wolda 1978, 1980; Lowman 1985; Murali & 

Sukumar 1993; Filip et al. 1995). The composition ofthe herbivore fauna is not 

temporally or spatially stable in these forests . Therefore, it is important to know the 

pattems of damage produced within plants, timing of damage relative to plant 

phenology and the degree of host specificity of the herbivore community in this habitat 

(Marquis 1991 ). lt is likely that the seasonal presence of herbivore insects is 

synchronized with leaf flushing at the beginning of the wet season (Opler et al. 1980; 

Lieberman 1982; Reich & Borcher 1984; Bullock & Solís-Magallanes 1990) and that 

sorne insect herbivores ha ve adjusted their life history to synchronize their youngest 

larval stages to the appearance of host organs such as shoots and lea ves (Taylor 1986; 

Weis et al. 1988;Yukawa 2000). 
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Pattems of herbivory of folivorous insects in natural communities ha ve been 

documented in few tropical localities (Coley 1980; Janzen 1981; Cruz & Dirzo 1987; 

Coley & Barone 1996). Even more poorly understood are the pattems ofherbivory and 

abundance of specialist insect guilds such as gall-inducing insects (Gii) in tropical 

communities. This insect guild has the ability to stimulate plant growth inducing the 

formation of amorphous masses of parenchyma cells denominated galls 

(Ananthakrishan 1984). The gall chamber induced in the host provides a stable 

microhabitat, protection against natural enemies and resources to feed to the larval stage 

ofthe life ofGII (Comell 1983; Ananthakrishan 1984; Waring & Price 1990; Hartley & 

Lawton 1992; Hartley 1998). In contrast to the majority of phytophagous insects that 

feed extemally, Gii may affect the inner organs of their hosts by removing sorne 

quantities of plant tissue or by directly obtaining nutrients from the mesophyll of lea ves, 

stems, flowers or roots (Ananthakrishan 1984; Dreger-Jauffret & Sorthouse 1992). In 

the tropics, the studies on Gil have not quantified the pattems and levels of herbivory 

on their host plants. Because Gil are insect specialists, we should expect greater levels 

of leaf area affected by Gil than by generalist folivorous insects. This is the first study 

that determines the spatial and temporal pattems and the amount of herbivory caused by 

GII in a tropical dry forest. In particular, we addressed the following questions: (i) 

What is the level of leaf area affected by each Gil species on their host plants in a 

tropical forest (ii) Is Gil abundance affected by habitat preferences in the wet season? 

(iii) Is Gil abundance affected by seasonal variation in availability food in a tropical dry 

forest? (iv) Is there within variation in the levels of Gil herbivory in deciduous and 

riparian habitats? 
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METHODS 

STUDY S!TE.-This study was conducted at the Chamela-Cuixmala Biosphere Reserve on 

the Pacific coast of Jalisco, Mexico that covers an extension of 13 ,200 ha. The 

elevation of this site ranges between 0-500 m, the average annual precipitation is 748 

mm and the rainy season ranges from June to October (Bullock 1985). The mean 

monthly temperature is 24. 9º C (range 14.8-32.0º C). Vegetation is dominated by 

tropical deciduous forest, with sorne patches of tropical riparian forest in the "arroyos" 

(Rzedowski 1978). Deciduous and riparian habitats have similar numbers of plant 

species, but the latter includes a greater number of species of climbers (Lott et al. 1987). 

Gii CENSUS: SPEC!ES RICHNESS ANO SPECIFICITY.-Surveys were conducted from 

February to April 2001 during the dry season and from June to September 2001 during 

the rain y season. In order to estímate the spatial and temporal patterns of herbivory 

caused by GII, we sampled thirty transects of 50 x 5 m in riparian habitats during the 

dry season. In the wet season, we sampled thirty transects of 50 x 5 m in each of two 

independent deciduous and riparian habitats. Transects were randomly selected from 

points obtained from a grid system developed within each habitat using random 

numbers to assure sampling independence. In each transect, we identified and collected 

ali GII species and their respective host plant species. We verified the degree of 

specificity of each Gii by taxonomically identifying each insect specimen collected in 

the field. Collected galls were reared in the laboratory until the emergence of adult 

insects and later identified. Because the induction by ali GFI species studied only 

affected lea ves, we restrict our study to Gil of the same guild. 
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ABUNDANCE AND AMOUNT OF HERBIVORY CAUSED BY Gll.-During the dry season, in 

each plant species associated with Gil, we sampled 20 individuals in riparian habitats 

and during the wet season, we sampled 20 individuals in each deciduous and riparian 

habitat. In all cases, the sampling of GII extended from the canopy to the lower 

branches of each individual, we collected three branches at the top, intermediate and 

bottom of each stratum for all plant species and randomly collected 50 leaves. For each 

leaf, we estimated the number of galls per square centimeter and the proportion of leaf 

area affected. To control for plant age, the stem diameter at breast height (DBH) was 

measured for each tree and shrub sampled. 

After a preliminary analysis ofpresence of Gil species and their host plants in 

deciduous and riparian habitats at Chamela-Cuixmala Biosphere reserve, we found that 

five GII species were always present in both habitats. Therefore, to compare the 

susceptibility to galls on the same plant species located in different habitat conditions 

and different temporal seasons, we registered the mean of Gil density and the amount of 

leaf area affected to each plant in deciduous and riparian habitats during rainy season 

and only in riparian habitats during the dry season. 

ANALYSIS .-We conducted a logistic regression analysis GENMOD (SAS 2000) to 

determine the effect of habitat (i.e. riparian vs. deciduous) on the density of GII and leaf 

area affected by GII during the wet season. Habitat and host plant age were considered 

as the independent variables and GII density and the proportion ofleaf area affected by 

Gil were used as the response variables. The proportion ofleaf area affected by GII was 

estimated for each leaf as the area affected by GII divided by the total leaf area. Similar 

analyses were used to compare each of the five plant species that occurred in riparian and 

deciduous habitats during the wet season. 
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We used a logistic regression analysis GENMOD (SAS 2000) to determine the 

effect of seasonality on riparian habitats on the Gii density and leaf area affected by 

Gil Season (wet vs. dry) and host plant age were considered as the independent 

variables and Gii density and the proportion ofleaf area affected by Gii were used as 

the response variables. A similar analysis was conducted for each plant species to 

determine the effect on specific hosts. 

We conducted a logistic regression analysis GENMOD (SAS 2000) within each 

habitat to test if herbivory caused by Gii is different between ali plant species in 

deciduous and riparian habitats during the wet season. Habitat and host plant age were 

considered as the independent variables and Gil density and the proportion of leaf area 

affected by Gii were used as the response variables. A LS Means test was used for a 

posteriori comparisons between plant species (P < 0.05). 

RESULTS 

Gii SPEC!ES RICHNESS ANO SPECIFICITY.-We found 37 Gil species represented in the 

following orders: Díptera (Cecidomyiidae family) which induced the majority of galls 

in both habitats with 27 species (80.0 %); Homoptera [Psyllidae (5.4%) and Kermidae 

(8.1%) families], Hymenoptera [Tanaostigmatidae, (2.7%)] and Thysanoptera (2.7%) 

were rare and three morphospecies unidentified (8.1%). Oftotal ofGII species, 19 

(51.3%) were present in deciduous habitats (Figure 1), 13 (35.2%) in riparian habitats 

(Figure 2) and only 5 (13.5%) occurred in both habitats (Figures 2 and 3). No 

significant differences in the number of Gii species were found between deciduous and 

riparian habitats (x2 = 0.48; d.f. = 1; P > 0.05). In ali cases, there was a great specificity 

between Gil species and their host plant species, each Gii species was associated with 

one different plant species. 
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ABUNDANCE AND AMOUNT OF HERB!VORY CAUSED BY GII.-The mean leaf area affected 

by Gil in Chamela tropical dry forest was 14.9% in the wet season (range 1.57-97.7). 

Particularly, during the wet season, the mean leaf area affected by Gil in deciduous 

habitats was 18.9% and in riparian habitats 10.0%. In the dry season, the mean leaf area 

affected by G 11 in riparian habitats was 15. 7%. 

Gii density was significantly greater in deciduous than in riparian habitats 

during the wet season (habitat: x2
= 30.94; d.f. = l; P < 0.0001) (Table 1). Gil density 

was greater on saplings (0.7 ± 0.08) than in mature plants (0.5 ± 0.06) (host plant age: 

x2
= 25.45; d.f. = l; P < 0.0001) . The proportion ofleaf area affected by GII was 

greater in deciduous than in riparian habitats (habitat: x2= 402.96; d.f. = 1; p < 0.0001) 

(Table 1 ). Proportion of leaf area affected by Gii was significantly greater in saplings 

(18.9 ± 6.5) than in mature plants (11.8 ± 3.8) (host plant age: x2= 143.57; d.f. = 1; p < 

0.0001 ). 

In the five cases of Gii species that occurred in both habitats, host plant species 

supported greater Gii density and proportion ofleaf area affected by Gii species in 

deciduous than riparian habitats during the wet season (Table 2). In addition, we did 

not find significant differences in herbivory by Gii between the same host plant species 

that occur during the wet season in deciduous habitats and those that occur during the 

dry season in riparian habitats (P > 0.05). 

In riparian habitats, Gii density was significantly greater in the dry season than 

during the wet season (habitat: x2
= 9.11; d.f. = 1; P < 0.002 (Table 1 ). In addition, 

density of Gii was greater on saplings (0.55 ± 0.05) than in mature plants (0.37 ± 0.06) 

(host plant age: x2
= 9 .12; d.f. = 1; P < 0.002) . Proportion of leaf area affected by Gii 

was greater in the dry than in the wet season (habitat: x2
= 105.06; d.f. = 1; P < 0.0001) 



80 

(Table 1) and significantly greater in sapling (18.8 ± 2.3) than in mature plants (11.2 ± 

1.8) (host plant age: x2
= 18.5; d.f. = 1; p < 0.002). 

In riparian habitats we found that 11 plant species (61.1 %) had greater GII 

density (Table 3) and 12 plant species (66.7%) had higher leaf area affected by GII in 

the dry season than in the wet season (Table 4). 

We found a statistically significant variation in GII density (species: x2
= 135.66; 

d.f. = 23; P < 0.0001; host plant age: x2
= 16.82; d.f. = 1; P < 0.0001) (Figure la) and 

leaf area affected by GII (species: x2
= 1801.17; d.f. = 23; P < 0.0001; host plant age: 

x2
= 193.34; d.f. = l; P < 0.0001) within deciduous habitats (Figure lb). Similarly, 

within riparian habitats, we found a statistically significant variation in GII density 

(species: x2
= 140.18; d.f. = 17; p < 0.0001; host plant age: x2

= 13.73; d.f. = l; p < 

0.0001) (Figure 2a) and the leaf area affected by GII (species: x2
= 172.17; d.f. = 17; P < 

0.0001; host plant age: x2= 26.26; d.f. = l; P < 0.0001) (Figure 2b). 

DISCUSSION 

Our study is the first to measure the amount ofherbivory caused by GII in a tropical 

forest. In general, the mean leaf area affected by GII in the Chamela tropical dry forest 

was 14.9% in the rainy season (range 1.57-97.7), 18.9% in the deciduous forest and 10 

% in the riparian habitat, whereas in the dry season, the riparian habitat experienced 

15.7%. Filip et al. (1995) reported similar levels ofherbivory caused by folivorous 

insects in the Chamela tropical dry forest ( 17% range 1.2-72. 7). In contrast, these levels 

of herbivory are considerably greater than those reported for other tropical forests 

(Marquis & Braker 1994; Coley & Barone 1996). Coley and Barone (1996) suggested 

that specialist herbivores cause more leaf damage than generalists. Although the levels 
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herbivory damage caused by specialist insects are not well documented, our study 

shows that a specialized guild such as Gil affects a similar or greater leaf area to that of 

other generalist insects in tropical forests (Marquis 1994; Coley & Barone 1996, 

Cuevas-Reyes et al. 2004a, b). 

The second objective of our study analyzed the relation ofthe abundance of GII 

in the wet season to particular habitats within a tropical dry forest. Leaf area and 

density of Gii were greater in deciduous than riparian habitats during the wet season. In 

addition, in the five Gii species that occurred in both habitats, their host plant species 

were more affected by Gii in deciduous than riparian habitats. In tropical dry forests, 

temporal variation in food resources is critica! for Gii because they require 

undifferentiated tissue to induce a gall in their hosts (Weis et al. 1988; Dreger-Jauffret 

& Sorthouse 1992; De Souza 2001 ). Therefore, synchronization of Gii to their host 

phenology is particularly important in the first flush of leaves of this deciduous forest 

(Weis et al. 1988; Yukawa 2000). Massive leafflushing, at the beginning ofthe wet 

season, is a general phenological pattern of the tropical deciduous forests whereas in 

riparian habitats, plants are evergreen and produce new leaves throughout a more 

extended period during the wet season anda short period in the dry season (Frankie et 

al. 1974; Opler 1980; Bullock & Solís-Magallanes 1990; van Schaik et al. 1993). 

Therefore, more availability of younger lea ves, during a short period of time, occurs in 

the deciduous forest than in the riparian evergreen forest in the wet season. Yukawa 

(2000) suggests that univoltine Gii have adapted to synchronize with the appearance 

and development of host organs such as shoots and leaves in tropical regions. 

Similarly, host plant phenology affects the distribution and abundance of folivorous 

insects because of temporal variation in host quality and quantity (Basset & Burckhardt 

1992; Floate et al. 1993; Rossi et al. 1999). Folivores often respond to seasonal 
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variation of food resources by synchronizing their lifes cycles with the phenological 

stage of their hosts (Raffa et al. 1992, Mopper & Simberloff 1995). 

The third objective of our study compared the intensity of Gil between seasons 

in the riparian habitat because this is the only habitat of this forest that maintains the 

leaves during the dry season. Leaf area and density of Gii were greater in the dry than 

in the wet season. Evidence from the literature provided two possible explanations for 

this pattern. First, dry forest plants of riparian habitats express two peaks of leaf 

flushing (Frankie et al. 1974, Bullock & Solís-Magallanes 1990; Wright 1996), Gii 

colonize leaves produced in the first peak at the beginning of the wet season and 

accumulate or re-colonize leaves in the second peak at the beginning of the dry season. 

Second, sorne Gii species that occur in both habitats will migrate from the deciduous 

leafless habitat to the riparian evergreen forest in the dry season. Therefore, riparian 

habitats in the dry season apparently accumulate the next generation of Gii produced 

from the previous generation of the wet season from both habitats. This increment of 

Gil during the dry season within riparian habitats suggests the existence of bivoltine Gii 

species because Gil can colonize in the first peak ofleaf-flushing and the next 

generation during the second peak produced within the same year. 

Finally, only sorne studies have documented the herbivory and abundance of 

folivorous insects on host plant age. The patterns are not consistent, various insect 

guilds are more abundant on saplings, while others on mature plants (Lowman 1992; 

Basset 2001). Differences in plant chemistry, leaf palatability, local microclimate, 

enemy free-space have been suggested as possible causes for these differences (Coley & 

Barone 1996). In our study, we found for all cases that Gil density and leaf area 

affected by Gil was greater in saplings than mature plants. Considering the host 

specialization of GII, these results may be dueto the association with the preference of 
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female insects for saplings because they offer leaves with rapid expansion, higher 

nutritional quality and secondary metabolites (Coley 1987; Basset 2001) and 

undifferentiated meristems that represent sites for gall induction because the physiology 

of gall morphogenesis requires the stimulation by insects to undifferentiated plant 

tissues (Weis et al. 1988). The association with saplings may also be related to the 

ability of Gii to sequester secondary metabolites oftheir host plants as mechanism of 

protection against natural enemies (Comell 1983; Waring & Price 1990; Hartley & 

Lawton 1992; Hartley 1998). 

Because the foliar area occupied by each mature gall is eventually loss in each 

plant, this tissue losses its photosynthetic capacity prematurely with possible negative 

consequences to the performance of the plant. In our study, we did not evaluate the 

possible negative consequences ofherbivory caused by Gii on growth and plant 

reproduction nor the costs to the plants of inducing galls. However, severa} studies 

have established that gall induction on host plants negatively affect the allocation 

pattems and vegetative growth (Askew 1984; Larson & Whitham 1991; Hartley & 

Lawton 1992; Wolfe 1997; Hartley 1998; Rossi & Stiling 1998; Preus & Morrow 

1999), photosynthetic rates (Fay et al. l 996; Larson 1998), and plant fitness (Hartnett 

and Abrahamson 1979; Ananthakishan 1984; Sacchi et al. 1988; Parra-Tabla & Bullock 

1998). Therefore, the leve Is of herbivory by GII found in our study may ha ve an impact 

on their host plants. Future studies need to evaluate the effects of GII on the fitness of 

plants. 

In conclusion, our study is the first that document the pattems ofherbivory by 

GII in a tropical plant community. Herbivory pattems by GII in a tropical dry forestare 

affected by seasonal and spatial availability of food resources. Our results show that for 

most species, GII herbivory was greater in deciduous habitats during the wet season. In 
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riparian habitats, Gii apparently colonize leaves produced in two different seasonal 

peaks ofleaf-flushing within the same year. Herbivory by Gii is related to the ontogeny 

of plants, density and leaf area affected by Gii was greater in saplings than mature 

plants. The study of Gii herbivory pattems is important to understand the potential 

impact of Gii on their host plants in tropical systems. 
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TABLE 1. Comparison of herbivory by Gil within the wet season and between seasons in 

deciduous and riparian habitats in tropical dry forest at Chamela, Mexico. 

Wetseason Dry season 
Deciduous Riparian Chi- P= Riparian Chi- P= 

square square 
Gil density 0.63 (± 0.06) 0.34 (± 0.08) 30.94 0.0001 
Leaf area 24.5(± 2.1) 10.9 (± 2.8) 402.9 0.0001 
affected by Gil 
Gil density 0.34 (± 0.08) 0.53 (± 0.06) 6.41 0.01 
Leaf area 10.9 (± 2.8) 16.1 (± 1.5) 119.3 0.01 
affected by Gii 
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TABLE 2. Differences in density and leaf area affected by Gil in plant species that 

occur in both habitats during the wet season. GENMOD procedure (SAS 2000) was 

applied for modeling log function to each plant species. 

Plant species Density of GII Leaf area affected by GII 

Deciduous Riparian Chi- P= Deciduous Riparian Chi- P= 
square square 

Acha1ocarpus gracilis 1.15 (± 0.12) 0.62 (± 0.07) 6.44 0.001 17. 1(±1.7) 8. 1 (± 0.6) 7.77 o.oos 
Cordi{/ (11/iodora 0.4 (± 0.07) 0.19 (±O.OS) 10.61 0.0001 9.4(±1.1) 3.7 (± 1.5) 18.31 0.0001 
Gueuard{/ elliptica 0.41 (± 0.04) 0.28 (± 0.05) 4.4 0.01 12.6 (± 1.7) 8.7 (± 0.9) 4.71 0.03 
Heliocarpus pal/idus 0.27(± O.OS) O. 18 (± 0.06) 7.28 0.006 9.0(± 0.9) S.I (± 0.3) 6.95 0.008 
Ruprechlia [Usca 0.77 (± 0.09) 0.47 (± 0.06) 10.77 0.002 21. 8(± 3.0) 11.3 (± 2.S) 13.48 0.0002 
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TABLE 3. Seasonal variation of Gii density in plant species that occur in riparian 

habitats in Chamela tropical dry forest. 

Plant species Gii taxa Wet season Dry season Chi-Square P= 
Achatocarpus gracilis Unidentified 0.55 (± 0.06) 1.23 (± 0.09) 5.26 0.002 
Bignoniaceae Cecidomyi idac 0.21 (± 0.1) 0.19 (± 0.16) 0.02 n.s. 
Brosimum a/icastrum Trioza rusellae 0.49 (± 08) 0.66 (± 0.9) 5.73 0.003 
Bursera instabilis Cecidomyiidae 0.2 (± 0.07) 0.38 (± 0.04) 11 .08 0.0002 
Coccoloba barbadensis Ctenodactylomyiia sp 0.38 (± 0.2) 0.55 (± 0.27) 0.32 n.s. 
Cordia alliodora Neolasioptera sp 0.2 (± 0.03) 0.4 1 (± 0.04) 5.53 0.002 
Cynometra oaxacana Cecidomyiidae 0.65 (± 0.1) 1.13 (± 0.09) 4.48 0.01 
Ficus cotinifolia Cecidomyiidae 0.2 (± 0.06) 0.44 (± 0.08) 5.32 0.007 
Flacourtiaceae Cecidomyiidae 0.2 (± 0.07) 0.4 (± 0.07) 10.39 0.002 
Guettarda el/iptica Cecidomyiidae 0.3 (± 0.06) 0.42 (± 0.07) 3.24 0.03 
Heliocarpus pal/idus Neolasioptera heliocarpi 0.19(±0.15) 0.2 (± 0.18) 0.9 n.s. 
Paullinia cururu Cecidomyiidae 0.56 (± 0.1) 055 (± 0.1 7) 0.41 n.s. 
Paullinia sessiliflora Cecidomyiidae 0.38 (± 0.14) 036(± 0.19) 0.92 n.s. 
Prosopis sp Tanaostigma sp 0.41 (±0.18) 0.58 (± 0.15) 0.73 n.s. 
Recchia mexicana Unidentified 0.19 (± 0.04) 0.35 (± 0.03) 3.51 0.03 
Ruprechtia fusca Cecidomyiidae 0.46 (± 0.03) 0.63 (± 0.08) 3.57 0.03 
Urera caracasana Cecidomyi ida e 0.21 (± 0.05) 0.41 (± 0.03) 4.24 0.01 
Vitex hemsleyi Cecidomyiidae 0.39 (± 0.09) 0.46 (±o. 16) 0.12 n.s. 
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TABLE 4. Comparison of leaf area affected by Gii between the wet and the dry season 

in plant species that occur in riparian habitats. 

Plant species Gii taxa Wet season Dry season Chi-Sguare P= 
Achatocarpus graci/is Unidentified 8 1 (± 0.1.2) 19.5(± 1.8) 15.93 0.0001 
Bignoniaceae Cecidomyiidae 7.3 (± l.\) 11.8 (± 0.8) 4.64 0.03. 
Brosimum a/icastrnm Trioza ruse/lae 9.7 (± 1.2) 15 .8 (±l.\) 12.86 0.0003 
Bursera instabi/is Cecidomyiidae 8.8 (± 1.5) 16.1(± 1.1) 11 .35 0.0008 
Coccoloba barbadensis Ctenodacty/omyiia sp 13 .4 (± 2.2) 21.9 (± 1.5) 0.18 n.s. 
Cordia a/liodora Neolasioptera sp 3.7 (± 0.5) 12.7 (± 0.8) 29.6 0.0001 
Cynometra oaxacana Cecidomyi idae 16.0 (± 0.9) 22.4 (± 1.8) 6.66 0.009 
Ficus cotinifolia Cecidomyiidae 9.4(± 1.5) 15.6 (± 1.2) 5.08 0.02 
Flacourtiaceae Cecidomyi ida e 8.4 (± 1.0) 14.6 (± 1.6) 10.85 0.001 
Guettarda e/liptica Cecidomyiidae 8.7 (± 1.2) 13.9 (± 0.8) 6.16 O.O! 
Heliocarpus pal/idus Neo /asioptera heliocarpi 8.4 (± 1.3) 6.0 (± 0.4) 0.4 n.s. 
Pau/linia curnru Cecidomyiidae 15 .7 (± 1.6) 14.9 (± 2.9) 0.87 n.s. 
Paullinia sessiliflora Cecidomyiidae 12.5(±2.1) 12.5 (± 1.7) 0.1 n.s. 
Prosopis sp Tanaostigma sp 12.8 (± 1.7) 15.0 (± 0.8) 1.68 n.s. 
Recchia mexicana Unidentified 3.9(± 0.59) 15.3 (± 0.2.1) 18.71 0.0001 
Ruprechtia fusca Cecidomyiidae 11.3 (± 1.2) 22.4 (± 2.4) 18.64 0.0001 
Urera caracasana Cecidomyiidae 6.3 (± 0 .9) 16.1(±2.3) 39.84 0.0001 
Vitex hemsley i Cecidomyi idae 15.9 (± 2.8) 16.3 (± 1.5) 0.11 n.s. 
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LEGENDS TO FIGURES 

FIGURE 1 a) Variation of Gii density on host plant species that occur in deciduous 

habitats during the wet season (species: x2
= 135.66; d.f. = 23; P < 0.0001). Different 

letters indicate statistically significant differences after a least squares means test (P < 

0.05); b) Variation of leaf area affected by Gii on host plant species that occur in 

deciduous habitats during the wet season (species: x2
= 1801.17; d.f. = 23; P < 0.0001). 

Different letters indicate statistically significant differences after a least squares means 

test (P < 0.05). The asterisk indicate Gii species present in both habitats. 

FIGURE 2 a) Variation of Gii density on host plant species that occur in riparian 

habitats during the wet season (species: x2
= 140.18; d.f = 17; P < 0.0001. Values with 

the same letter did not differ significantly after a LSMeans multiple comparison test (P 

< 0.05); b) Variation of leaf area affected by Gii on host plant species that occur in 

riparian habitats during the wet season (species: x2
= 172.17; d.f. = 17; P < 0.0001). 

Commons letters identify means that were not significantly different according to 

LSMeans test (P < 0.05). The asterisk indicate Gii species present in both habitats 
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Abstract: 

W e tested the "nasty" host hypothesis that was proposed to explain the variation in 

species richness of parasitoids in plant communities and the degree of specialization 

between parasitoid species and their hosts. This hypothesis predicts that potential hosts 

in the tropics are also less available to parasitoids than extra-tropical hosts because their 

tissues are more chemically toxic and that tropical parasitoid species specialize on their 

host insect species. The objective of this study is to analyze the relationship between 

plant hosts, gall-inducing insects (Gii) and their hymenopteran parasitoids in a tropical 

dry forest at Chamela-Cuixmala Biosphere Reserve, Mexico. We found 29 Gii species 

in severa! orders: Diptera:Cecidomyiidae, which induced the majority of galls with 22 

species (77 %), while Homoptera [Kermidae (10%) and Psyllidae (7%)], Hymenoptera: 

Tanaostigmatidae (3%)] were rare, one morphospecies (3%) was unidentified. In all 

cases, there is a great specificity between Gil species and their host plant species, one 

Gil species is associated with one specific plant species. In contrast, there is no 

specificity between parasitoid species and their host Gil species. We found only 13 

species of parasitoids associated with 29 Gil species in severa! families: Torymidae 

(23%), Eurytomidae (23%), Eulophidae (14%), Pteromalidae (8%), Braconidae (8%), 

Eupelmidae (8% ), Platygastridae (8%) and one (8%) was unidentified. Our results 

rejected the "nasty" host hypothesis in a tropical community, the effects of variation in 

plant defenses do not extend to the third trophic leve! and instead top-down processes 

seem to be regulating trophic interactions of G 11 species in tropical communities. 
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INTRODUCTION 

Most studies ofplant-insect interactions have examined the effects of plant chemical 

defenses on herbivore performance and host-selection behavior, with less attention to 

the study of the potential influence of these plant chemical compounds on higher trophic 

levels su ch as parasitoid wasps (Bemays & Bright 1993, Bemays & Chapmann 1994, 

Coley & Barone 1996, Rosenthal & Berenbaum 1992). 

lt has been suggested that global pattems of species richness of hymenopteran 

parasitoids do not in crease with decreasing la ti tu de ( Gauld 1986, Janzen 1981 ). This is 

known as the "nasty" host hypothesis (Gauld & Gaston 1992). This hypothesis proposes 

that potential hosts in the tropics are also less available to hymenopteran parasitoids 

than in extra-tropical regions because their tissues are more chemically toxic. Sorne 

evidence indicates that tropical woody plants are, in general, richer in toxic secondary 

compounds that are used, in tum, by insects as a defensive mechanism to deter 

predators and parasitoids (Coley & Barone 1996, Levin 1976, Price et al. 1991 ). 

Therefore, a greater specialization of parasitoids on their host insect species is expected 

in the tropics (Gauld & Gaston 1992). 

Many plant species may exert several effects on the plant-herbivore-parasitoid 

interactions ( e.g. bottom-up forces, Lill et al. 2002). Host plants resistance, based on 

secondary metabolites media te a set of behavior ( e.g. localization of microhabitats 

where hosts may be present), physiological and chemical trophic interactions in 

different ways: (i) plant constitutive defenses emit novel compounds such as blends of 

volatiles that can attract natural enemies in response to feeding damage of insects 

(Dicke 1994, Masters et al. 2001, van Dam & Hare 1998); (ii) digestibility reducing 

compounds negatively affect the physiology and development of herbivorous insects 

(Karban & Baldwin 1997, Tollrian & Harvell 1999, van Dam et al. 2000); (iii) specialist 
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insect herbivores can sequester and accumulate in their haemolymph or body tissues 

plant secondary chemicals that protect them against natural enemies such as parasitoids 

(Cornell 1983, Femandes & Price 1992, Hartman 1985, Hartmann 1999, Muller et al. 

2001, Sime 2002, Waring & Price 1990, Wink et al. 2000). Sorne studies have reported 

that differences in secondary metabolites in host plants or herbivores diet negatively 

affect the growth, development, survival of their parasitoids (Gunasena et al. 1990, 

Harvey et al. 2003, Havill & Raffa 2000). In generalist parasitoids, these effects are 

more prominent, whereas specialist parasitoids are adapted to plant toxins (Barbosa et 

al . 1991, Vinson 1999). Therefore, the effects ofvariation in plant defenses may extend 

to the third trophic level (Clancy & Price 1986, Singer & Stireman 2003). 

The "nasty" host hypothesis has not been tested in natural communities. Here, 

we report the first study that tests this hypothesis with empirical data in a tropical dry 

forest using extensive sampling ata spatial scale. We use a tri-trophic approach to test 

the "nasty" host hypothesis in a tropical community that includes plants, gall inducing 

insects and hymenopteran parasitoids in a seasonal tropical dry forest in Mexico. 

In this study we addressed the following questions (i) What is the degree of 

specialization between gall inducing insects and their host plant species? (ii) Is there 

specialization between tropical hymenopteran parasitoid species and their host gall

inducing insect species? 

MATERIALS AND METHODS 

Study site 

This study was conducted at the Chamela-Cuixmala Biosphere Reserve on the Pacific 

coast of Jalisco, Mexico that covers an extension of 13 ,200 ha. The elevation of this 

site ranges between 0-500 m, the average annual precipitation is 748 mm and the rainy 



103 

season ranges from June to October (Bullock 1985). Vegetation is dominated by 

tropical deciduous forest, with sorne patches of tropical riparian forest in the "arroyos" 

(Rzedowski 1978). 

Surveys were carried from June to October in 2001 during the rainy season. We 

chose two independent deciduous and riparian habitats at the Chamela-Cuixmala 

Biosphere Reserve. In each habitat we sampled thirty transects of 30 x 5 m (i.e. 60 

transects in deciduous forest and 60 transects in riparian habitats). All gall-inducing 

species were collected and their host plant species identified. GII were identified and 

counted on the basis of plant species and gall morphology. A total of 4059 galls of 

twenty nine GII species were reared and identified in the laboratory as well as the 

parasitoids associated to each GII species. All galls were kept in vials and plastic 

containers covered by fine cheesecloth and checked five times a week. Each 

hymenopteran parasitoid wasp that emerged was identified. 

RESULTS 

We found 29 GII species represented in the following orders: Diptera: Cecidomyiidae 

which induced the greatest number part of galls with 22 species (77 % ); Homoptera 

[Kermidae (10%) and Psyllidae (7%) families], Hymenoptera: Tanaostigmatidae (3%)] 

galls being rare, and one morphospecie (3%) was unidentified (Table 1). In all cases, 

there is a great specificity between GII species and their host plant species, one GII 

species is associated with one specific plant species. With respect to hymenopteran 

parasitoids, we found only 13 species associated with these 29 GII species represented 

in the following families: Torymidae (23%), Eurytomidae (23%), Eulophidae (14%), 

Pteromalidae (8%), Braconidae (8%), Eupelmidae (8%), Platygastridae (8%) and one 
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(8%) was unidentified (see Table 1). Of the 4059 galls analyzed, 2034 had parasitoids 

associated to them and Torymus sp alone affected 34 % of the galls. 

Twenty one species of Gii (72%) were associated with only one parasitoid 

species, 6 Gii species (21 %) with two parasitoid species and only 2 Gii species (7%) 

with three parasitoid species. Most Gii species were associated with only one 

parasitoid species (Table 2), whereas the majority of parasitoids species were associated 

to more than one GII species (69%) (Table 3). Finally, a chi-square test indicates that 

the number of Gii species (x2 = 0.27; d.f. = 1; P > 0.05) and parasitoids species (x2 
= 

0.11; d.f. = l; P > 0.05) did not differ significantly between deciduous and riparian 

habitats. 

DISCUSSION 

Most studies of three-trophic level interactions address the importance of natural 

enemies in regulating insect herbivore species richness and abundance (Feder 1995, 

Sumerford et al. 2000, Washbum et al. 1991), and competition for resources 

(Abrahamson et al. 1989, Sisterson & Averill 2003) . Our study is the first to evaluate 

the degree of specialization in tropical tri-trophic interactions in a seasonal dry forest. 

We showed that one Gii species is associated with one specific plant species but such 

specificity is not maintained between Gii and their parasitoid interactions. Fifty percent 

of Gil ha ve parasitoids and 34 % of these ha ve a single species of parasitoid. 

The "nasty" host hypothesis proposes that tropical hosts are Jess available to 

parasitoids than temperate hosts because their tissues are more chemically toxic. 

Therefore, tropical host insects should be more heavily protected against the parasitoid 

communities than tempera te hosts and there should be more specialization of parasitoids 
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to their host insect species in the tropics (Gauld & Gaston 1992). Our study does not 

support this hypothesis. Sixty nine percent (9 species) of parasitoid species were not 

specialized to their Gii hosts, whereas 31 % (4 species) were associated with only one 

Gii species. These results are in accord with other studies that show that in natural 

communities one parasitoid species is able to attack different herbivore species that feed 

on one or more than one host plant species (Godfray 1994, Memmatt & Godfray 1994). 

Hast plants can affect herbivores directly by influencing their performance and survival, 

and indirectly by mediating the effects of natural enemies (Gratton & Denna 2003, 

Masters et al. 2001 , Rosenthal & Berenbaum 1992). Hawever, these bottom-up forces 

do nat explain aur results because af the follawing: (í) plant taxa that hasted Gii species 

are represented in plant families with different phylagenetic graups and cantain a wide 

variety of secandary campaunds. Far example, the Baraginaceae family is 

characterized by triterpens and pyrralizidine alkalaids (Pasteels et al. 2001, 2003), 

Palyganaceae by flavanaid glycasides (Kim et al. 2000, Sartar et al. 1999), 

Leguminasae by flavanaids, isaflavanaids, alkalaids and terpens (García-Mateas et al. 

1998, Giachi et al. 2002, Mitrocatsa et al. 1999, Susag et al. 2003), Ficus by flavanaid 

glycasides, triterpenoids and sterols (Pistelli et al. 2000, Sharaf et a.l 2000), Jatropha 

by phorbolesters (Winck et al. 2000) and Lippia by monoterpenes and sesquiterpenes 

(Juliani et al. 2002). (ii) Secondary chemicals may defend plants against generalist 

herbivares but specíalists break this defence by sequestering ar using these compounds 

for their own benefit (Stadler 1986, Dicke 2000). Gil specialize an their host plant 

species by modifying cell differentiation on young tissues and by inducing or altering 

the chemical response of their hasts, sequestering plant secondary metabolites in their 

gall chamber for protection against natural enemies (Comell 1983; Femandes & Price 

1992, Hartley & Lawton 1992; Hartley 1998, Hartman 1985, Langenheim & 
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Stubblebine 1983, Waring & Price 1990). (iii) As a result of (ii) the chemical protection 

given by the host plants is not specific to deter specific parasitoids but instead the same 

species of parasitoid is capa ble of attacking many species of galls that hosted severa] 

species of plants from different families. Therefore, the effects of variation in plant 

defenses do not extend to the third trophic level and instead we propose that top-down 

processes seem to be regulating these tropic interactions. 

Our study shows that one parasitoid species attacks severa} species of Gil and 

may reduce the damage of Gii on their host plants. In seasonally dry forests leaf 

flushing is highly synchronized among plant species because rainfall triggers growth 

and the production of leaves (Bullock & Solis-Magallanes 1990, Lobo et al. 2003, 

Reich & Borchert 1984 ). Host plant phenology affects the distribution and abundance 

of several herbivore insects (Rossi et al. 1999). This is the case of Gii species because 

they ha ve specialized to colonize lea ves in synchrony to the production of the new 

leaves of their host plants (Yukawa 2000). However, parasitoids have developed a 

more generalist strategy to parasitize different species of G II hosts. Therefore, few 

species ofparasitoids can determine the community structure and composition of Gii 

species in tropical plants. 
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Table l. Plant-GII-Parasitoid interactions in tropical dry forest at Chamela-Cuixmala Biosphere Reserve, Mexico. 
Fa mil~ Host ~lant Order Fa mil~ Gall Taxa Orden Fa mil~ Parasotoid Taxa 
Bignoniaceae Bignoniaceae Diptera Cecidomyiidae Cecidomyiidae sp 1 Hymenoptera Torymidae Torymussp 
Bombacaceae Ceiba aesculifolia Homoptera Psyllidae Psyllidae Hymenoptera Eurytomidae Eurytoma sp 1 

Ceiba grandiflora Homoptera Psyllidae Psyllidae Hymenoptera Eurytomidae Eurytoma sp 1 
Boraginaceae Cordia alliodora Diptera Cecidomyi idae Neolasioptera sp Hymenoptera Torymidae Torymoides spl 
Burseraceae Bursera excelsa Diptera Cecidomyi idae Cecidomyiidae sp2 Hymenoptera Unidentified spl 

Bursera instabilis Diptera Cecidomyiidae Cecidomyiidae sp3 H ymenoptera Unidentified spf 
Euphorbiaceae Croton alamosanus Diptera Cecidomyiidae sp4 Hymenoptera Torymidae Torymus sp 

Croton pseudoniveus Diptera Cecidomyiidae sp5 Hymenoptera Torymidae Torymus sp 
Croton suberosus Diptera Cecidomyiidae sp6 Hymenoptera Torymidae Torymus sp 

Hymenoptera Eurytomidae Rileya sp 
Jatropha malacophylla Diptera Cecidomyi idae Aspondylia sp Hymenoptera Torymidae Torymoides sp2 

Hymenopter Pteromalidae Pteromalidae sp/ 
Jatropha standleyi Diptera Cecidomyi idae Cecidomy iidae sp 7 H ymenoptera Torymidae Torymoides sp2 

Flacourtiaceae Flacourtiaceae Diptera Cecidomyiidae Cecidomyiidae sp8 Hymenoptera Eupelmidae Eupelmus sp 
Hymenoptera Eulophidae Tetrastichinae 
Hymenoptera Platygastridae Platygastridae spl 

Leguminosae Caesalpinia caladenia Diptera Cecidomyiidae Cecidomyiidae sp9 H ymenoptera Braconidae Bracon sp 
Cynometra oaxacana Diptera Cecidomyi idae Cecidomyiidae sp/O Hymenoptera Eurytomidae Eurytoma spl 
Lonchocarpus eriocarinalis Homoptera Kermidae Euphalerus spl Hymenoptera Torymidae Torymus sp 

Hymenoptera Eulophidae Tetrastichinae 
Lonchocarpus sp Homoptera Kermidae Euphalerus sp2 Hymenoptera Torymidae Torymus sp 

Hymenoptera Pteromalidae Pteromalidae spl 
Prosopissp Hymenoptera Tanaostigmatidae Tanaostigma sp Hymenoptera Eulophidae Tetrastichinae 

Moraceae Brosimum alicastrum Homoptera Kermidae Trioza n1sellae Hymenoptera Eulophidae Tetrastichinae 
H ymenoptera Platygastridae Platygastridae spl 

Ficus cotinifolia Diptera Cecidomyiidae Cecidomyiidae sp 11 Hymenoptera Torymidae Torymus sp 
N ictagynaceae Guapira macrocarpa Unidentified Unidentified Unidentified Hymenoptera Eulophidae Tetrastichinae 
Polygonaceae Coccoloba barbadensis Diptera Cecidomyiidae Ctenodactylomyia sp Hymenoptera Eulophidae Eulophinae 
Rubiaceae Guettarda elliptica Diptera Cecidomyiidae Cecidomyiidae sp 12 Hymenoptera Eupelmidae Eupelmus sp 

Randia spinosa Diptera Cecidomyiidae Bruggmannia randiae Hymenoptera Torymidae Torymus sp 

Sapindaceae Paullinia cururu Diptera Cecidomyiidae Cecidomyiidae sp 13 Hymenoptera Torymidae Torymussp 
Paullinia sessiliflora Diptera Cecidomyiidae Cecidomyiidae sp 14 Hymenoptera Torymidae Torymus sp 

Tiliaceae Heliocarpus pal/idus Diptera Cecidomyiidae Neolasioptera heliocmpi Hymenoptera Eurytomidae Eurytoma sp2 
Hymenoptera Eurytomidae Rileya sp 

Urticaceae Urera caracasana Diptera Cecidomyi idae Cecidomyiidae spl 5 Hymenoptera Platygastridae Platygastridae spl 
Verbenaceae Lippia graveolens Diptera Cecidomyi idae Pseudomikola lippia H ymenoptera Torymidae Torymoides sp2 

Vitex hemsleyi Diptera Cecidomyi idae Cecidomyiidae sp/6 Hyn1enoptera Pteromalidae Pteromalidae spl 
Hymenoptera Eulophidae Tetrastichinae 
Hymenoptera Platygastridae Platygastridae spl 



Table 2. Number ofhymenopteran parasitoid species for each Gil 

species in Chamela-Cuixmala tropical dry forest. 

Gil taxa 
Cecidomyiidae sp8 
Cecidomyiidae spl 6 
Cecidomiiydae sp6 
Aspondylia sp 
Euphalerus spl 
Euphalerus sp2 
Trioza rusellae 
Neolasioptera heliocarpi 
Cecidomyiidae spl 
Psyllidae sp 1 
Psyllidae sp2 
Neolasioptera sp 
Cecidomyiidae sp2 
Cecidomyiidae sp3 
Cecidomiiydae sp4 
Cecidomiiydae sp5 
Cecidomyiidae sp 7 
Cecidomyiidae sp9 
Cecidomyiidae spl O 
Tanaostigma sp 
Cecidomyiidae spl 1 
Unidentified 
Ctenodactylomyia sp 
Cecidomyiidae spl 2 
Bruggmannia randiae 
Cecidomyiidae spl 3 
Cecidomyiidae spl 4 
Cecidomyiidae spl 5 
Pseudomikola lippia 

Number of parasitoid species 
3 
3 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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Table 3. Number of host GII species for each parasitoid 

species in Chamela-Cuixmala tropical dry forest. 

Parasitoid taxa Number of Gil species 

Torymus sp 1 O 
Tetrastichinae 6 
Platygastridae spl 4 
Torymoides sp2 3 
Eurytoma spl 3 
Pteromalidae spl 3 
Rileya sp 2 
Eupelmus sp 2 
~] 2 
Bracon sp 1 
Eulophinae 1 
Eurytoma sp2 1 
Torymoides spl 1 

Percent of galls with 
parasitoids 

34.5 
15.5 
6.5 
4.9 
14.9 
4.7 
2.0 
2.8 
2.0 
1.5 
2.0 
1.8 
6.9 

117 
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DISCUSIÓN GENERAL. 

La diversidad de especies de insectos formadores de agallas (IF A) ha sido estimada en 

algunas regiones tropicales considerando que la morfología de la agalla es única en cada 

especie de IF A y que cada especie es específica a una especie particular de planta 

hospedera (Ananthakrishnan 1984; Dreger-Jauffret y Sorthouse 1992; Price et al. 1998; 

Cuevas-Reyes et al. 2003; Oyama et al. 2003; Veldtman y McGeoch 2003) . Sin 

embargo, no se ha identificado taxonómicamente la especificidad entre las especies de 

IF A y sus respectivas plantas hospederas. El reconocimiento de cada taxa de IF A es 

fundamental para entender estas interacciones ecológicas porque se ha demostrado que 

una sola especie de planta es capaz de hospedar diferentes especies de IF A (F emandes y 

Price 1988; Waring y Price 1989; Femandes et al. 1996), indicando que la especificidad 

no es absoluta. Este trabajo es el primero en identificar directamente la identidad de los 

diferentes taxa de IF A sobre sus plantas hospederas en un bosque tropical seco. Nuestros 

resultados corroboran la especificidad de los IF A a sus plantas hospederas en los trópicos, 

ya que cada especie de IF A estuvo asociada a una especie particular de planta. 

La riqueza de especies de IF A encontrada en el bosque tropical seco de Chamela

Cuixmala fue mayor que la reportada en otras regiones tropicales ( e.g. sabanas) (Price et 

al. 1991 ). La riqueza de especies de plantas puede producir diferencias en los patrones 

locales porque más especies de plantas representan mayor diversidad en nichos 

potenciales para ser colonizados por IF A (Wright y Samways 1996, 1998). En Chamela

Cuixmala, la riqueza de especies de plantas presente es equivalente a la de algunos 

bosques tropicales húmedos del mundo (Lott et al. 1987) y representa un factor 

importante asociado a la riqueza de especies de IF A. 
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La arquitectura de la planta hospedera es otro factor que determina la riqueza de 

especies de IF A. Plantas más complejas estructuralmente ( e.g. con mayor número de 

ramificaciones, ramas y hojas) representan más microhábitats que favorecen la 

colonización de una gran variedad de insectos (Leather 1986). Femándes y Price (1988) 

reportan una mayor riqueza de especies de IF A sobre arbustos y árboles que en hierbas. 

Similarmente, Goncalves-Alvim y Femandes (2001) reportan un mayor número de 

especies de IF A sobre árboles seguido por arbustos y hierbas. En nuestro estudio, los 

árboles y arbustos presentan un mayor número de especies de IF A asociadas que hierbas 

y trepadoras en hábitats deciduos y riparios corroborando la hipótesis de la complejidad 

estructural de plantas. Este patrón puede estar asociado a posibles diferencias en 

compuestos secundarios entre las diferentes formas de vida (e.g. más en árboles y 

arbustos que en hierbas y trepadoras) (Coley y Barone 1996). Cabe mencionar que los 

estudios que han probado la hipótesis de la complejidad estructural no han incluido 

formas de vida como las trepadoras, las cuales pueden tener una arquitectura compleja 

debido a que su forma de crecimiento se desarrolla tanto en el sotobosque como en el 

estrato arbóreo. En nuestro estudio, la incidencia de IF A sobre trepadoras fue menor que 

en otras formas de vida como árboles y arbustos. Por lo tanto, es posible que la 

complejidad estructural pueda ser relativa cuando se incluyen formas de vida como las 

trepadoras y su posible explicación puede estar asociada a factores históricos y evolutivos 

de la interacción entre los IF A y las trepadoras. 

Los patrones de riqueza y abundancia de gremios de insectos sobre diferentes 

estados ontogenéticos de las plantas hospederas son inconsistentes, algunos son más 

abundantes sobre plantas juveniles, mientras que otros sobre plantas maduras (Lowman 
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1992; Basset 2001). Variaciones en la palatabilidad de hojas, microclima local y la 

presencia de enemigos naturales han sido propuestas como posibles causas de estas 

diferencias. En nuestro estudio, la frecuencia de los IF A fue mayor sobre plantas 

juveniles en árboles y arbustos en 26 (74.2%) de las especies de plantas que estuvieron 

asociadas con IF A. Posiblemente la oviposición y el desarrollo de larvas es favorecido 

por los estados juveniles de las plantas hospederas porque ofrecen hojas de rápida 

expansión y meristemos indiferenciados que representan sitios potenciales para la 

inducción de agallas debido a que la fisiología de la formación de agallas requiere 

necesariamente de tejidos indiferenciados (Weis et al. 1988). Además, estados juveniles 

representan hojas de alta calidad nutricional y mayor cantidad de compuestos 

secundarios, lo cual puede favorecer a los IF A porque tienen la habilidad de manipular y 

secuestrar metabolitos secundarios como mecanismo de defensa contra enemigos 

naturales (Comell 1983; Hartley y Lawton 1992; Hartley 1998). Por lo tanto, los estados 

juveniles de las plantas representan para los IF A, plantas de más rápido crecimiento y 

mayor disponibilidad temporal de recursos (Price 1991). 

En este estudio analizamos la relación entre la densidad de hospederos por cada 

especie de planta y el número de agallas por planta para cada especie de IF A. 

Encontramos que solo 18 especies de los IFA (46.2%) responden significativamente al 

incremento en la densidad de hospederos. Es posible que la densidad y la proximidad 

dentro de plantas hospederas regule los tamaños poblacionales de los IF A vía 

mecanismos denso-dependientes (Janzen 1970). 

La disponibilidad de agua y nutrientes en el bosque tropical seco de Chamela es 

heterogénea debido a los patrones estacionales de lluvia que producen cambios en el 
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balance nutrientes-agua, el factor limitante en todos los hábitats es la disponibilidad de 

fósforo (J aramillo y Sanford 1995). Por esta razón, la disponibilidad de fósforo y 

nitrógeno fueron utilizados como indicadores de la fertilidad del suelo en ocho diferentes 

hábitats. Nuestro primer resultado indica que el número de especies de IF A está 

correlacionado negativamente con la fertilidad del suelo para todas las especies de plantas 

que ocurren en diferentes hábitats. Este resultado puede ser explicado por efectos 

indirectos asociados con adaptaciones locales de taxa de plantas específicos a diferentes 

condiciones de fertilidad de suelo (Blanche y Westoby 1995). Plantas adaptadas a suelos 

infértiles tienden a tener una mayor concentración de compuestos secundarios y 

disponibilidad de nitrógeno foliar (Coley et al. 1985; Coley y Barone 1996). Los IF A 

pueden manipular la química de sus plantas hospederas secuestrando compuestos 

secundarios defensivos en las paredes de la agalla para protegerse de enemigos naturales 

como hongos y otros patógenos (Comell 1983). Por lo tanto, plantas que crecen en 

suelos infértiles pueden proveer más sitios potenciales para ser colonizados por IF A 

(Cuevas-Reyes et al. 2003). 

La fertilidad del suelo también afecta la frecuencia y la densidad de los IF A entre 

individuos de las once especies de plantas que están presentes en los ocho hábitats con 

diferente fertilidad de suelos. Para estas especies de plantas, individuos que ocurren en 

hábitats con baja disponibilidad de fósforo y nitrógeno presentaron una mayor frecuencia 

y densidad de IF A que cuando ocurren en hábitats con suelos fértiles. Por lo tanto, 

efectos directos de la fertilidad del suelo vía plasticidad fenotípica dentro de cada 

hospedero pueden explicar las diferencias en la incidencia de los IF A sobre las once 
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especies de plantas hospederas que están presentes a lo largo del gradiente de fertilidad 

del suelo (Herms y Mattson 1992; Schlichting y Pigliucci 1998). 

Este trabajo representa también el primer estudio que estima la cantidad de daño 

causada por IF A en bosques tropicales. Los niveles de herbivoría encontrados . 

[(promedio 14.9% en la estación húmeda (rango 1.57-97.7), 18.9% en el hábitat deciduo 

y 10 % en el ripario)] son similares a los causados por insectos folívoros en el bosque 

tropical seco de Chamela (Filip et al. 1995) y considerablemente mayores a los 

reportados en otros bosques tropicales (Marquis y Braker 1994; Coley y Barone 1996). 

El área foliar afectada y la densidad de IF A fueron mayores en hábitats deciduos 

que riparios en la estación húmeda. Además, en cinco especies de plantas que ocurren en 

ambos hábitats, la herbivoría por IF A fue mayor cuando están presentes en los hábitats 

deciduos indicando una mayor preferencia por plantas de estos hábitats. En este tipo de 

bosques tropicales, la variación estacional en la disponibilidad de alimento para los IF A 

es crucial porque requieren tejidos indiferenciados para inducir la formación de agallas 

(Weis et al. 1988; Dreger-Jauffret y Sorthouse 1992). Por lo tanto, resulta muy 

importante la sincronización entre los IF A y la producción masiva de hojas en los hábitats 

deciduos (Weis et al. 1988; Yukawa 2000) ya que la producción masiva de hojas en estos 

hábitats es al inicio de la temporada húmeda, mientras que en los hábitats riparios, las 

plantas son siempre-verdes y producen hojas en un periodo de tiempo más prolongado 

durante la estación húmeda (Frankie et al. 197 4; Opler 1980). Por lo tanto, mayores 

niveles de herbivoría por IF A en hábitats deciduos pueden ser explicados por que estos 

hábitats ofrecen hojas jóvenes durante un periodo de tiempo corto a diferencia de las 

especies siempre verdes de hábitats riparios. De tal modo, es posible que en hábitats 
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deciduos algunas especies de IF A presenten historias de vida univoltinas con una alta 

sincronización de sus ciclos de vida con la aparición y desarrollo de hojas. 

En hábitats riparios durante la estación seca encontramos que el área foliar 

afectada por los IF A y la densidad de agallas fueron mayores que en la temporada 

húmeda para este hábitat. Dos posibles explicaciones pueden estar asociadas a este 

resultado: (i) que las especies de plantas de hábitats riparios tienen dos temporadas de 

producción de hojas (Frankie et al. 1974, Bullock y Solís-Magallanes 1990; Wright 1996) 

y que los IF A colonizan hojas producidas en la primera temporada durante la estación 

húmeda y se acumulan o recolonizan hojas producidas en la segunda temporada durante 

la estación seca, o (ii) que en algunas especies de plantas que ocurren en ambos hábitats, 

los IF A pueden migrar del hábitat deciduo al ripario en la estación seca. Por lo tanto, los 

hábitats riparios en la estación seca aparentemente acumulan la siguiente generación de 

IF A producida de la generación previa de la estación húmeda de ambos hábitats. Este 

incremento durante la estación seca dentro de hábitats riparios sugiere la existencia de 

especies de IF A bivoltinas por que pueden colonizar dos temporadas de producción de 

hojas en el mismo año. 

Finalmente, esta tesis es la primera que evalúa el grado de especialización en 

interacciones tri-tróficas en un bosque tropical seco. Encontramos especificidad de los 

IF A sobre sus respectivas plantas hospederas, una especie de IF A está asociada a una 

especie particular de planta. Sin embargo, esta especificidad no es mantenida entre las 

especies de parasitoides y sus IF A hospederos. La hipótesis del hospedero "malo" 

("nasty" host hipothesis) que involucra procesos ascendentes "bottom-up" establece que 

en los trópicos los parasitoides son especialistas y que la disponibilidad de potenciales 
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hospederos es menor que en sitios no tropicales por que sus tejidos son químicamente 

más tóxicos (Gauld y Gaston 1992). Nuestros resultados no apoyan esta hipótesis ya que 

nueve (69%) de las especies de parasitoides desarrollan estrategias relativamente 

generalistas. 

Muchas plantas pueden afectar directamente el desempeño de los herbívoros e 

indirectamente regular los efectos de los enemigos naturales (Rosenthal y Berenbaum 

1992). Sin embargo, procesos ascendentes "bottom-up" no explican nuestros resultados 

porque los diferentes taxa de plantas hospederas de IF A representan familias de 

diferentes grupos filogenéticos que contienen una gran variedad de compuestos 

secundarios (Sartor et al. 1999; Kim et al. 2000; Pasteels et al. 2001, 2003; Giachi et al. 

2002; Susag et al. 2003). Estos compuestos secundarios pueden ser efectivos contra 

insectos generalistas. Sin embargo, contra insectos especialistas como los IF A rompen 

estas defensas porque secuestran estos compuestos en las paredes de la agalla y los 

utilizan como mecanismo de defensa contra enemigos naturales (Comell 1983; Femandes 

y Price 1992, Hartley y Lawton 1992; Hartley 1998). Como resultado de esto, la 

protección química dada por las plantas no es específica para afectar a los parasitoides 

debido a que la misma especie de parasitoide es capaz de atacar muchas agallas inducidas 

en diferentes especies de plantas de diferentes familias. Por lo tanto, los efectos de la 

variación química de las plantas no se extienden al tercer nivel trófico y proponemos que 

procesos descendentes "top-down" están regulando estas interacciones porque una sola 

especie de parasitoide es capaz de atacar varias especies de IF A reduciendo el daño por 

agallas sobre sus plantas hospederas. 
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En resumen, la conclusión general de este trabajo indica que la riqueza de 

especies de IF A en el bosque tropical seco de Chamela-Cuixmala no solo depende de 

factores bióticos como la riqueza de especies de plantas, las formas de vida de plantas 

hospederas, la edad y la densidad de hospederos, sino también de factores abióticos como 

la fertilidad del suelo que afecta la distribución espacial de los IF A y que favorece la 

riqueza, incidencia y abundancia de especies de los IF A en dos diferentes vías: (i) 

afectando indirectamente la riqueza de especies de los IF A vía adaptaciones locales de 

algunas especies de plantas a diferentes condiciones de fertilidad y (ii) afectando 

directamente la incidencia de IF A por procesos de plasticidad fenotípica de las once 

especies de plantas que ocurren en el gradiente de fertilidad. Los patrones de herbivoría 

por IF A en el bosque tropical seco de Chamela son afectados por la disponibilidad 

espacial y temporal de alimento (e.g. hojas) y muestran que en muchas especies de 

plantas, la herbivoría por IF A fue mayor en hábitats deciduos durante la estación húmeda. 

Mientras que en los hábitats riparios, los IF A colonizan hojas producidas en dos 

diferentes picos estacionales de producción foliar dentro del mismo año. Nuestros 

resultados rechazan la hipótesis del hospedero "malo" ("nasty" host hipothesis) debido a 

que la mayoría de las especies de parasitoides muestran estrategias generalistas 

parasitando diferentes especies de IF A hospederos. Pocas especies de parasitoides 

pueden determinar la estructura y composición de la comunidad de especies de IF A en 

plantas tropicales. Por lo tanto, proponemos que procesos descendentes "top-down" están 

regulando esta interacción tri-trófica. 
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