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RESUMEN GENERAL 

Los bosques templados en México son dominados por distintas especies de encinos, y su 

manejo ha sido inapropiado teniendo altas tasas de deforestación y fragmentación. 

Particularmente, la Cuenca de Cuitzeo, Michoacán, ha sido altamente fragmentada debido a 

la expansión de la agricultura, el desarrollo urbano y la deforestación. La fragmentación de 

bosque puede influenciar la comunidad de artrópodos del dosel y modificar las interacciones 

bióticas, así como generar estrés ambiental en las plantas resultado de cambios en las 

condiciones abióticas (i.e. aumento en la intensidad de la luz, la velocidad del viento y la 

temperatura, disminuyendo la humedad y la fertilidad del suelo), siendo más intensos sus 

efectos en los fragmentos pequeños y en los bordes. El estrés ambiental en las plantas puede 

ser monitoreado utilizando la asimetría fluctuante (AF), ya que es una medida de la 

inestabilidad en el desarrollo de rasgos bilaterales o radialmente simétricos de los 

organismos. En el primer capítulo de esta tesis evaluamos el efecto de la fragmentación sobre 

la relación entre la AF y la herbivoría a través de cambios en la cantidad y la calidad de 

recursos (procesos ascendentes “bottom-up”) de plantas de Quercus deserticola para los 

herbívoros en fragmentos de bosque templado de diferentes tamaños en la Cuenca de 

Cuitzeo, Michoacán y determinamos los cambios relacionados con la morfología de las hojas, 

AF, cantidad de recursos y la calidad de la planta entre los distintos tamaños de fragmento y 

el “efecto borde”. Los resultados mostraron un mayor contenido de clorofila, área foliar, 

cobertura del dosel y tamaño de los árboles en fragmentos más pequeños en comparación de 

fragmentos grandes. Encontramos que las hojas de los individuos en fragmentos pequeños y 

en los bordes fueron más alargadas y anchas. Nuestros resultados también mostraron niveles 

más altos de AF y herbivoría en los pequeños fragmentos y los bordes. En el segundo capítulo 
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evaluamos los cambios de la estructura y composición de la comunidad de artrópodos del 

dosel asociados a Quercus deserticola a lo largo de un gradiente de fragmentación en la 

Cuenca de Cuitzeo. Analizamos los cambios en la abundancia y riqueza, ordenes de 

artrópodos y gremios tróficos de la comunidad de artrópodos del dosel en fragmentos de 

bosque de distintos tamaños, borde e interior de los fragmentos en la Cuenca de Cuitzeo. Los 

resultados mostraron que tanto la abundancia como la riqueza de especies de artrópodos del 

dosel se incrementó en fragmentos pequeños y en el interior de los fragmentos. Los órdenes 

dominantes fueron Hemiptera, Hymenoptera y Coleoptera. El gremio trófico más abundante 

en todos los tamaños de fragmentos fue el de los fitófagos. De acuerdo a los resultados 

obtenidos en este estudio, Q. deserticola está asociada a una alta diversidad de especies de 

artrópodos, por lo tanto, es importante conservar los encinos a lo largo de los paisajes 

fragmentados. 

PALABRAS CLAVE: Fragmentación, Encinos, Asimetría Fluctuante, Herbivoría, 

Diversidad de artrópodos.    
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GENERAL ABSTRACT  

Temperate forests in Mexico are dominated by different species of oaks, and their 

management has been inappropriate, leading to high rates of deforestation and fragmentation. 

In particular, the Cuitzeo Basin, Michoacán, has been highly fragmented due to the expansion 

of agriculture, urban development, and deforestation. Forest fragmentation can influence the 

community of canopy arthropods and modify biotic interactions, as well as generate 

environmental stress on plants as a result of changes in abiotic conditions (i. e. increase light 

intensity, wind speed and temperature, decreasing soil moisture and fertility), its effects being 

more intense in small fragments and on the edges. Environmental stress in plants can be 

monitored using fluctuating asymmetry (FA), as it is a measure of the instability in the 

development of bilateral or radially symmetric traits of organisms. In the first chapter of this 

thesis we evaluated the effect of fragmentation on the relationship between FA and herbivory 

through changes in the quantity and quality of resources (bottom-up processes) of Quercus 

deserticola plants for the herbivores in temperate forest fragments of different sizes in the 

Cuitzeo Basin, Michoacán, and we determined the changes related to leaf morphology, FA, 

amount of resources and plant quality between the different fragment sizes and the "edge 

effect". Results showed higher chlorophyll content, leaf area, canopy cover, and tree size in 

smaller fragments compared to larger fragments. We found that the leaves of the individuals 

in small fragments and at the edges were more elongated and wider. Our results also showed 

higher levels of FA and herbivory in the small fragments and the edges. In the second chapter 

we evaluate changes in the structure and composition of the canopy arthropod community 

associated with Quercus deserticola along a fragmentation gradient in the Cuitzeo Basin. 
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We analyzed the changes in abundance and richness, arthropod orders and trophic guilds of 

the canopy arthropod community in forest fragments of different sizes, edge and interior of 

the fragments in the Cuitzeo Basin. The results showed that both the abundance and species 

richness of canopy arthropods increased in small fragments and within fragments. The 

dominant orders were Hemiptera, Hymenoptera, and Coleoptera. The most abundant trophic 

guild in all fragment sizes was the phytophagous. According to the results obtained in this 

study, Q. deserticola is associated with a high diversity of arthropod species, therefore, it is 

important to conserve oaks throughout fragmented landscapes. 
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INTRODUCCIÓN GENERAL 

La fragmentación de bosques es un proceso dinámico en el que el bosque se reduce 

progresivamente en parches o fragmentos más pequeños de distintos tamaños, formas y 

grados de aislamiento, experimentando efectos de borde (Haddad et al. 2015; Fletcher et al. 

2018). Los efectos de la fragmentación sobre aspectos bióticos son principalmente la 

reducción del tamaño poblacional de diferentes especies, la pérdida de especies de muchos 

taxa, la alteración de los patrones de dispersión y migración (Gibbs 2001), la modificación 

de las interacciones bióticas y la composición y estructura de artrópodos terrestres y del dosel 

(Bucher et al. 2010). 

Una de las consecuencias de la fragmentación es la formación de bordes. El “efecto 

de borde” se produce en la interface entre entornos naturales y antropizados (Murcia 1995; 

Harper et al. 2005), existiendo una diferencia en la composición, estructura y función de las 

poblaciones (Ries et al. 2017). Los fragmentos pequeños de bosque tienen una mayor 

proporción de borde, con múltiples consecuencias para la biodiversidad y el funcionamiento 

del ecosistema (Jaeger et al. 2011). Según Haddad et al. (2015), aproximadamente el 20% de 

los bosques del mundo se encuentra a menos de 100 m del borde. En los bordes de los 

fragmentos existe una mayor incidencia de luz, velocidad del viento y temperatura, y una 

baja fertilidad y humedad del suelo en comparación con el interior del bosque (Laurance et 

al.2011; Delgado et al.2007; Arroyo- Rodríguez et al. 2017). Estos cambios abióticos de los 

bordes pueden tener una gran influencia en las comunidades biológicas, teniendo efectos 

diferenciales sobre las diferentes especies. El efecto de borde por actividades antropogénicas 

esta frecuentemente asociado con efectos adversos en los procesos ecológicos (Ries et al. 

2004; Wirth et al. 2008) que favorecen la colonización y dominancia de especies invasoras y 



6 
 

cambios drásticos en el funcionamiento de los ecosistemas (LeBrun et al. 2012; Lustig et al. 

2017). 

Específicamente, los artrópodos responden de diferentes maneras a la 

fragmentación del hábitat (Cagnolo et al.2009; Bagchi et al.2018), debido a diferencias en su 

capacidad de dispersión, requisitos del hábitat, ciclo de vida, patrones de distribución y 

adaptabilidad a las nuevas condiciones ambientales (Tscharntke et al. 2002; Nufio et al. 2011; 

Heidrich et al. 2020). Los artrópodos tienen roles ecológicos importantes, ya que participan 

en la regulación de la dinámica del dosel, afectando funciones del ecosistema como la 

descomposición, el ciclo de nutrientes, la transferencia de energía y la formación y 

mantenimiento del suelo (Yang y Gratton 2014; Maguire et al. 2015; Schowalter et al. 2018). 

Además, el dosel de los árboles tiene diversos conjuntos de artrópodos de diferentes niveles 

tróficos como fitófagos, depredadores, parásitos, parasitoides, polinizadores y detritívoros 

(Hamilton et al.2010; Nakamura et al.2017). La respuesta de las comunidades de artrópodos 

a la fragmentación del hábitat es muy variable, porque los cambios en el hábitat pueden 

aumentar los recursos para algunas especies o reducir los recursos para otras (Barberena-

Arias y Aide 2002). Por lo tanto, las fuerzas “bottom-up” y “top-down” interactúan juntas 

moldeando y estructurando las comunidades de artrópodos (Castagneyrol et al.2014, 2017; 

Vaca-Sánchez et al.2021). Particularmente, los insectos herbívoros son muy sensibles a los 

cambios en las condiciones ambientales asociados con la fragmentación del bosque (Mooney 

et al. 2010; Maldonado-López et al. 2016). En general, los efectos de la fragmentación sobre 

la diversidad de herbívoros reflejan tanto los impactos directos sobre la dinámica poblacional 

de los herbívoros, como los impactos mediados a través de sus enemigos naturales “efectos 

top-down” (Holt 1996; Stone et al. 2002; Askew et al. 2013) y sus plantas hospederas 

“efectos bottom-up” (Tscharntke et al. 2002). En hábitats fragmentados, la abundancia de 
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insectos herbívoros aumenta como resultado de una reducción de depredadores y parasitoides 

(efectos “top-down”) (Schüepp et al. 2014; Pfeifer et al. 2017). Por el contrario, se ha 

observado que la calidad de la planta puede cambiar en los bordes del bosque y en pequeños 

fragmentos, disminuyendo la diversidad de insectos herbívoros (efectos “bottom-up”) 

(Maguire et al. 2016; Maldonado-López et al. 2016). Por lo tanto, cambios en la cantidad de 

recursos para insectos herbívoros (e.g. cantidad de hojas, brotes, tamaño de la planta, 

cobertura del dosel) y en la calidad de la planta (e.g. contenido de nutrientes, contenido de 

clorofila, niveles de defensas químicas y físicas) pueden afectar la preferencia, abundancia y 

distribución de insectos herbívoros como consecuencia de la fragmentación del hábitat 

(Rautiainen et al. 2005; Endara y Coley 2010; Maldonado-López et al. 2016). 

Por otro lado, las condiciones ambientales en los fragmentos de bosque, pueden 

aumentar el estrés de las plantas y afectar negativamente su aptitud y supervivencia 

(Maldonado-López et al. 2019). Cuando las condiciones ambientales exceden el umbral de 

perturbación que las plantas pueden soportar, se presenta una inestabilidad en el desarrollo 

en diferentes órganos (Rozendaal et al. 2006; Cuevas-Reyes et al. 2018). Uno de los 

principales biomarcadores para medir la inestabilidad del desarrollo causado por el estrés 

genético y ambiental es la asimetría fluctuante (AF), que describe la variación aleatoria en 

tamaño y forma entre los dos lados de un carácter bilateral de un organismo (Cuevas-Reyes 

et al. 2011; Maldonado-López et al. 2019). La AF muestra la capacidad individual durante el 

desarrollo para mantener la homeostasis en condiciones estresantes (Møller y Swaddle 1997; 

Albarrán-Lara et al. 2010). En el caso de la morfología de la hoja, estas modificaciones 

pueden representar ajustes morfológicos causados tanto por cambios en las condiciones 

ambientales como la temperatura del aire, humedad, fertilidad del suelo (Freeman et al.2005) 

y por factores bióticos como la presencia de patógenos e insectos herbívoros (Cuevas-Reyes 
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et al.2011; Aguilar-Peralta et al. 2020). Algunos estudios reportan una relación positiva entre 

la AF y el daño foliar generado por insectos herbívoros, lo que demuestra una mayor 

susceptibilidad de las plantas asimétricas a los herbívoros (i.e. Hipótesis del estrés de las 

plantas) (Cornelissen y Stiling 2011; Cuevas-Reyes et al. 2018). Plantas en condiciones de 

estrés aumentan la concentración de amino ácidos y disminuyen la producción de metabolitos 

secundarios en sus tejidos, por lo tanto, aumentan el rendimiento de los insectos y la 

susceptibilidad de la planta a la herbivoría (Torrez-Terzo y Pagliosa 2007; Cornelissen y 

Stiling 2011). Por el contrario, otros estudios sugieren que los herbívoros pueden actuar 

aumentando el nivel de estrés en las plantas y, en consecuencia, hacerlas más asimétricas 

(Gómez et al. 2003; Santos et al. 2013; Maldonado-López et al. 2019). Por lo tanto, los 

recursos de la planta huésped y su calidad podrían ser afectados por los cambios en las 

condiciones abióticas asociados a la fragmentación que afecta indirectamente la incidencia 

de herbívoros (Levey et al. 2016; Rossetti et al. 2017). 

SISTEMA DE ESTUDIO 

Los bosques templados en México están dominados por especies de encinos (Nixon 2006). 

México es uno de los centros de diversificación del género Quercus con más de 161 especies 

reportadas, de las cuales 109 son endémicas a nuestro país (Nixon 1993). Los encinares son 

importantes debido a que proveen servicios ambientales como el reciclaje de nutrientes, el 

balance hídrico y el secuestro de carbono (Lewington y Streeter 1993; Nixon 1993; Kappelle 

2006), además de que mantienen un conjunto de interacciones complejas con otros 

organismos, como son hongos, insectos, vertebrados y otras plantas, por lo que se les puede 

considerar como especies clave que contribuyen significativamente a mantener la diversidad 

en las comunidades bióticas (Lewington y Streeter 1993; Nixon 1993; Kappelle 2006).  
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Los bosques de encinos han sido altamente degradados debido a su conversión en 

agrosistemas, actividades forestales, ganadería, turismo y desarrollo urbano (Lindenmayer y 

Fischer 2006). Esto ha transformado los bosques maduros a otros tipos de sistemas 

reduciendo su área total, afectando su distribución espacial y amenazando el mantenimiento 

de la biodiversidad en estos paisajes (Ortego et al. 2010). Particularmente, los bosques de 

encino en México han sido altamente fragmentados debido a la gran importancia económica 

de sus árboles para materia básica para construcción, elaboración de carbón, elaboración de 

muebles y artesanías (Bello y Labat 1987; Valencia-Avalos y Nixon 2004), agricultura, 

ganadería y desarrollo urbano. Los bosques de encinos han tenido una alta deforestación 

(11,156 ha por año) entre el 2007 y 2015 (Mas et al. 2017). La Cuenca de Cuitzeo alberga 16 

especies de robles y ha sido muy fragmentada debido a la expansión de agricultura, desarrollo 

urbano y deforestación (Castillo-Santiago et al. 2013), por lo tanto, las grandes poblaciones 

continuas de los bosques de encinos se han reducido a muchos fragmentos pequeños de 

tamaño variable. 

Se estima que la pérdida anual de bosques es de 668,000 ha/año, de las cuales 

167,000 ha corresponden a los bosques templados y 501,000 ha son de bosques tropicales. 

De manera que las tasas de deforestación son realmente altas; siendo del 2 %/año para los 

bosques tropicales y del 0.64%/año para bosques templados (Masera et al 1997; Bocco et al. 

2001, 2012). Aproximadamente, el 80% de la deforestación está concentrada en las zonas 

Centro y Sureste de México, siendo Michoacán el estado en donde se registran tasas altas de 

deforestación del 1.8%/año para bosques templados, por lo que la pérdida de bosque se 

estima en más de 50,000 ha/año (Masera et al.1997; Bocco et al. 2001, 2012). La Cuenca de 

Cuitzeo ha experimentado una fuerte fragmentación en las últimas décadas (López et al. 

2006; Mendoza et al. 2011). Alrededor del 20 % de la cuenca está cubierta por bosques 
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templados de pino-encino, el sotobosque subtropical ocupa alrededor del 15 %, los pastizales 

inducidos menos del 15 % y los cultivos ocupan alrededor del 40 % de la cuenca (López et 

al. 2006; Mendoza et al. 2011). Particularmente, la Cuenca de Cuitzeo ha sido altamente 

fragmentada (más de 1,200 fragmentos de diferentes tamaños) resultado de la deforestación, 

presencia de los incendios, y cambio de uso de suelo a cultivos (Mendoza et al. 2011). Las 

especies más comunes son Quercus crassipes, Q. deserticola, Q. obtusata, Q. castanea, Q. 

glaucoides y Q. resinosa. Estos bosques se desarrollan entre los 2, 000 y 2,600 msnm, en 

donde se intercala formando mosaicos con el pastizal, matorral subtropical y el bosque de 

pino (Mendoza et al. 2011; Bocco et al. 2012). 

El género Quercus (Fagaceae) es un grupo muy diverso de árboles de bosques 

templados que sustenta una gran diversidad de artrópodos de dosel (Tovar-Sánchez y Oyama 

2006; Maldonado-López et al. 2018). Los artrópodos del dosel de los bosques tropicales y 

templados constituyen una proporción importante de la biodiversidad mundial, estimándose 

6.1 millones de especies de artrópodos en el mundo (Basset et al. 2007; Hamilton et al. 2013). 

Particularmente, el dosel está asociado a una comunidad única y rica de especies 

especializadas de artrópodos (Tovar-Sánchez et al. 2013; Stork et al. 2015, 2018). Los 

artrópodos tienen roles ecológicos importantes, ya que participan en la regulación de la 

dinámica del dosel, afectando funciones del ecosistema como la descomposición, el ciclo de 

nutrientes, la transferencia de energía o la formación del suelo (Yang y Gratton 2014; 

Maguire et al. 2015; Schowalter et al. 2018). Por ejemplo, los brotes de artrópodos fitófagos 

alteran los patrones de producción primaria y el ciclo biogeoquímico (Medvigy et al. 2012; 

Schowalter 2012). Además, el dosel tiene comunidades de artrópodos con diferentes niveles 

tróficos, ya que los artrópodos actúan como fitófagos, depredadores, parásitos, parasitoides, 

polinizadores y detritívoros (Hamilton et al.2010; Nakamura et al.2017). 
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PREGUNTA DE INVESTIGACIÓN 

¿Cómo cambia la cantidad de recursos, calidad de la planta, morfometría, asimetría 

fluctuante, herbivoría y diversidad de especies en comunidades de artrópodos del dosel 

asociados a Quercus deserticola entre distintos tamaños de fragmentos y el efecto borde en 

la Cuenca de Cuitzeo? 

HIPÓTESIS 

La variación en la cantidad de recursos, calidad de la planta, morfometría, asimetría 

fluctuante y herbivoría se incrementará con los niveles de fragmentación, así como con el 

efecto borde. 

El efecto de borde afectará negativamente la abundancia y riqueza de artrópodos, y estará 

relacionada positivamente con el tamaño de fragmento. 

OBJETIVO GENERAL 

Determinar los cambios en la cantidad de recursos, la calidad de la planta, morfometría, 

asimetría fluctuante foliar, herbivoría y diversidad de especies en comunidades de artrópodos 

del dosel asociados a Quercus deserticola a lo largo de un paisaje de fragmentación de bosque 

en la Cuenca de Cuitzeo, Michoacán. 

OBJETIVOS ESPECÍFICOS 

➢ Determinar los cambios en la cantidad de recursos, la calidad de la planta de Quercus 

deserticola a lo largo de un paisaje fragmentado en la Cuenca de Cuitzeo. 

➢ Evaluar los efectos de borde sobre la cantidad de recursos, calidad de la planta de 

Quercus deserticola a lo largo de un paisaje fragmentado en la Cuenca de Cuitzeo. 
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➢ Determinar los cambios en la morfometría, asimetría fluctuante y herbivoría foliar de 

Q. deserticola a lo largo de un paisaje fragmentado en la Cuenca de Cuitzeo. 

➢ Evaluar los efectos de borde sobre la morfometría, asimetría fluctuante y herbivoría 

foliar de Q. deserticola a lo largo de un paisaje fragmentado en la Cuenca de Cuitzeo. 

➢ Evaluar los cambios en abundancia, riqueza y composición de artrópodos del dosel 

arbóreo de Q. deserticola a lo largo de un paisaje fragmentado en la Cuenca de 

Cuitzeo.  

➢ Evaluar los efectos de borde sobre la riqueza, abundancia y composición de artrópodos 

del dosel de Q. deserticola a lo largo de un paisaje fragmentado en la Cuenca de 

Cuitzeo. 

ESTRUCTURA DE LA TESIS 

Esta tesis doctoral está formada por dos capítulos. En el primer capítulo evaluamos el efecto 

del tamaño de los fragmentos de bosque y los “efectos de borde” en la relación entre la AF y 

herbivoría foliar a través de cambios en la cantidad de recursos y la calidad de la planta 

hospedera para los herbívoros en la Cuenca de Cuitzeo, Michoacán. Analizamos la 

importancia de los procesos “bottom-up” (i.e., vigor de la planta, calidad de la planta) sobre 

la comunidad de herbívoros en un paisaje de fragmentación y determinamos los cambios 

relacionados con la morfología de las hojas, AF, cantidad de recursos y la calidad de la planta 

entre los distintos tamaños de fragmento y el “efecto borde”. Suponemos que los pequeños 

fragmentos de bosque y los bordes de los fragmentos representan condiciones ambientales 

adversas para las plantas con temperaturas más altas y una menor humedad y disponibilidad 

de agua. Por lo tanto, predecimos que los individuos de Q. deserticola estarán más estresados 

en estos hábitats y tendrán una mayor calidad de recursos (es decir, mayor contenido 
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nutricional y menos defensas), por lo que serán más atacadas por insectos herbívoros, y 

exhibirán niveles más altos de AF foliar en comparación con los individuos en que ocurren 

en grandes fragmentos y en el interior del bosque. Además, esperamos una relación positiva 

entre los niveles de AF foliar de individuos de Q. deserticola y sus niveles de herbivoría. 

En el segundo capítulo evaluamos los cambios en la estructura y composición de la 

comunidad de artrópodos del dosel asociados a Quercus deserticola a lo largo de un gradiente 

de fragmentación en la Cuenca de Cuitzeo. Analizamos los cambios en la abundancia y 

riqueza, ordenes de artrópodos y los gremios tróficos, de la comunidad de artrópodos del 

dosel en fragmentos de bosque de distintos tamaños, borde e interior de los fragmentos en la 

Cuenca de Cuitzeo. Esperamos encontrar una mayor abundancia y riqueza de artrópodos en 

fragmentos de bosque más grandes y en el interior del bosque, debido a que los fragmentos 

grandes y el interior del bosque no presentan cambios bióticos y abióticos abruptos en 

comparación con los fragmentos pequeños y el borde del fragmento. Para los gremios 

tróficos, planteamos la hipótesis de que la fragmentación afectará negativamente a los 

detritívoros, parasitoides y depredadores, debido a la reducción del área, mientras que los 

fitófagos se verán favorecidos por la reducción de sus enemigos naturales.  
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Abstract 

Key message  Habitat fragmentation influences leaf morphology, quantity and quality of plant resources to 

herbivores, which in turn affects the patterns of fluctuating asymmetry and herbivory in Quercus deserticola. 

Abstract Forest fragmentation has negative effects on biodiversity by modifying environmental conditions, ecological 

pro- cesses and biotic interactions. We analyzed the effects of forest fragment size and habitat type (forest edge × 

interior) on the amount of plant resources and their quality for herbivores, leaf morphology, fluctuating asymmetry 

(FA) and herbivory on Quercus deserticola at the Cuitzeo Basin in Mexico. Six forest fragments, where Q. deserticola 

occurs were classified as (i) small (≤ 10 ha); (ii) medium (≥ 25 ha); and (iii) large (≥ 65 ha). In each forest fragment, 

four parallel transects of 5 × 50 m were sampled, two located at the edge and two in the interior of the fragments. 

Chlorophyll content, leaf area, canopy cover and tree size were greater in small than in larger fragments. Leaves of 

individuals in small fragments and in forest edges were more elongated and wider than in large and in the interior of 

fragments. Our results also showed higher levels of FA and insect herbivory in the small fragments and forest edges. 

Insect herbivory was positively correlated with FA in small forest fragments, indicating that the mechanisms driving 

their interaction are scale-dependent and vary among habitat types according to fragment size. Our findings do not 

support the idea that the fluctuating asymmetry is a reliable biomarker to detect environmental stress in Q. deserticola 

in fragmented habitats, but FA may be a good biomarker of plant stress caused by the amount of herbivory damage. 

 
Keywords Edge effect · Fluctuating asymmetry · Forest fragmentation · Herbivory · Plant quality 

 

 

Introduction 
 

Anthropogenic activities such as deforestation and land 

cover change to crops and pasturelands are the main causes 

of habitat loss and forest fragmentation (Watson et al. 2016; 
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Scanes 2018). Fragmentation is a dynamic process in which 

the forest is progressively reduced to patches with different 

sizes, perimeters and degrees of isolation undergoing rapid 

and abrupt abiotic and biotic changes (Haddad et al. 2015; 

Fletcher et al. 2018). Usually, a decrease in fragment area 

causes habitat loss, leading to declining population sizes of 

several species, inbreeding depression and local extinction, 
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reducing species diversity (Ibáñez et al. 2014). Furthermore, 

small forest fragments have a higher edge-to-core ratio, 

with multiple consequences to biodiversity and ecosystem 

functioning (Jaeger et al. 2011). According to Haddad et al. 

(2015), approximately 20% of the world’s forests is situated 

at less than 100 m from a forest edge. Edge effects include 

a higher light incidence, wind speed and temperature, and 

a low soil fertility and humidity compared to forest inte- 

rior (Laurance et al. 2011; Delgado et al. 2007; Arroyo- 

Rodríguez et al. 2017). The changes in habitat structure and 

ecosystem functioning in small forest patches caused by 

fragmentation also disrupt biotic interactions such as seed 

and fruits dispersal, predation and herbivory (Rossetti et al. 

2017; Salomão et al. 2019). Although edge-to-core gradients 

are well documented (Haddad et al. 2015), the extent of this 

peripheral eff    (the depth-of-edge infl see Harper 

et al. 2005) depends on the parameter under analysis (e.g., 

species composition, vegetation structure, tree mortality and 

growth rates, leaf traits, among many others) and site char- 

acteristics, varying from 100 m to 1 km (Murcia 1995; Sálek 

et al. 2013; Bergès et al. 2016, Govaert et al. 2020). 

Insect herbivores are very sensitive to changes in envi- 

ronmental conditions associated with forest fragmenta- 

tion (Mooney et al. 2010; Maldonado-López et al. 2016). 

In fragmented habitats, the abundance of insect herbivores 

increases as a result of a reduction of predators and parasi- 

toids (top-down forces) (Schüepp et al. 2014; Pfeifer et al. 

2017). In contrast, it has been observed that plant quality can 

change in forest edges and in small fragments, decreasing the 

diversity of insect herbivores (bottom-up forces) (Maguire 

et al. 2016; Maldonado-López et al. 2016). Hence, changes 

in amount of resource for insect herbivores (i.e., quantity 

of leaves and shoots, plant size, canopy cover) and in host 

plant quality (i.e., nutrient and chlorophyll content, levels of 

chemical and physical defenses) can aff the preference, 

abundance and distribution of insect herbivores as a con- 

sequence of habitat fragmentation (Rautiainen et al. 2005; 

Endara and Coley 2010; Maldonado-López et al. 2016). 

The harsh environmental conditions, observed in the edge 

of forest fragments, can increase plant stress and negatively 

aff  their fi   and survival (Maldonado-López et al. 

2019). When environmentally stressful conditions exceed 

the disturbance threshold that the molecular, physiological, 

cellular and morphological mechanisms of plants can sup- 

port, a developmental instability appears in different organs 

(Rozendaal et al. 2006; Cuevas-Reyes et al. 2018a). One of 

the main biomarkers to measure developmental instability 

caused by genetic and environmental stress is the fluctuating 

asymmetry (FA), which describes the random variation in 

size and shape between the two sides of a bilateral charac- 

ter of an organism (Cuevas-Reyes et al. 2011; Maldonado- 

López et al. 2019). According to Freeman et al. (2003), 

FA can be caused by genetic or environmental factors that 

disrupt side-to-side communication, impairing an organ- 

ism’s capacity to maintain symmetry. For plants, leaf FA is 

usually considered an excellent indicator of subtle develop- 

ment instability, responding to low stress levels (Cornelis- 

sen and Stiling 2011; Cuevas-Reyes et al. 2018a; Mendes 

et al. 2018). In the case of leaf shape, these modifi 

may represent morphological adjustments caused both by 

changes in environmental conditions such as air temperature 

and humidity, and soil fertility (Freeman et al. 2005), and by 

biotic factors such as the presence of pathogens and insect 

herbivores (Cuevas-Reyes et al. 2011; Aguilar-Peralta et al. 

2020). 

Some studies reported a positive relationship between 

FA and leaf damage, demonstrating higher susceptibility of 

asymmetric plants to herbivores (the plant stress hypothesis) 

(Cornelissen and Stiling 2011; Cuevas-Reyes et al. 2018a; 

but see Bañuelos et al. 2004; Telhado et al. 2010). The 

mechanisms underlying such pattern may be related to the 

plant’s nutritional quality and chemical defense levels (Cor- 

nelissen and Stiling 2011). Plants under stress conditions 

(i.e., with higher FA) increase the concentration of amino 

acids and decrease the production of secondary metabolites 

in their tissues, which in turn, increase insect performance 

and plant’s susceptibility to herbivory (Torrez-Terzo and 

Pagliosa 2007; Cornelissen and Stiling 2011). On the other 

hand, the herbivory per se can also be a plant stressor and 

the attack by insect herbivores would directly increase the 

levels of FA on their hosts (herbivory-induced stress hypoth- 

esis) (Cuevas-Reyes et al. 2011; Alves-Silva and Del-Claro 

2016; Cuevas-Reyes et al. 2018b). Anyway, it is possible 

that a stronger edge effect on small forest fragments would 

increase plant stress, resulting in higher FA and changes in 

plant quality and resource availability that positively affect 

herbivory levels in these habitats in comparison to large 

fragments. 

In Mexico, temperate forests are dominated by oak spe- 

cies (Nixon 2006) that provide environmental services such 

as nutrient cycling, water balance and carbon sequestra- 

tion, and maintain a great diversity of canopy arthropods 

(Tovar-Sánchez and Oyama 2006). However, due to their 

great economic importance, oak forests have had high defor- 

estation rates (11,156 ha per year) between 2007 and 2015 

(Mas et al. 2017). The Cuitzeo Basin harbors 16 oak spe- 

cies and has been highly fragmented due to the expansion 

of agriculture, urban development and deforestation (Cas- 

tillo-Santiago et al. 2013). In the present study, we used the 

oak species Quercus deserticola to evaluate how the forest 

fragment’s size (and edge effects) mediates the relationship 

between leaf FA and herbivory, via changes on the amount 

of resources to herbivores and plant quality. The follow- 

ing questions were addressed: (i) Does leaf morphology 

and size of Q. deserticola change in function of the size 

of forest fragments and edge proximity? (ii) Are host plant 
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resources, plant quality and herbivory levels aff  by 

forest fragmentation? (iii) Does leaf fluctuating asymmetry 

increase with habitat fragmentation and herbivory levels? 

We assume that small forest fragments and forest edges have 

harsher environmental conditions, with higher temperature 

and lower humidity and water availability. Thus, we pre- 

dict that the stressed individuals of Q. deserticola in these 

habitats provide a lower amount of resources with higher 

quality (i.e., higher nutritional content and less defenses), 

being more attacked by herbivorous insects. They will also 

exhibit higher levels of leaf FA compared to individuals in 

large fragments and forest core areas. As a result, we expect 

to find a positive relationship between the levels of leaf FA 

of Q. deserticola individuals and their herbivory intensity. 

 
 
 

Materials and methods 
 

Study system 
 

Quercus deserticola Trel. (Fagaceae) is a white oak which 

belongs to the section Quercus. It is a deciduous tree, grow- 

ing up to 10 m and occuring in semitropical bushes and 

temperate forests. Leaves of Q. deserticola Trel. vary from 

oblong-oblanceolate to lanceolate, with a slightly shiny and 

rough dark green upper surface and a clear underside with 

abundant trichomes (Arizaga et al. 2009). Q. deserticola is 
a Mexican endemic oak that inhabits in high, cold and dry 

regions, around the foothills of the mountains in xerophytic 

areas (at altitudes between 2000 and 2800 m), with a geo- 

graphical distribution in the Trans-Mexican Volcanic Belt 

(Arizaga et al. 2009). 
 

 

Study site 
 

This study was carried out in the hydrological basin of 

Cuitzeo lake that has an area of 4,026 km2 and is located 

in the north of the state of Michoacán, Mexico (between 

19° 30'–20° 05' north and 100° 35'–101° 30'west), where Q. 
deserticola is one of the dominant oak species (Maldonado- 

López et al. 2016). The climate is temperate with an annual 

mean temperature that ranges between 14 and 20 °C and 

annual rainfall between 646 and 1402 mm concentrated in 

the summer (Mendoza et al. 2006; Carlón-Allende et al. 

2009). High rates of deforestation and forest degradation 

occurred throughout the basin during period of 2004–2014 

(Mas et al. 2017). Due to human activities such as agricul- 

ture, livestock, urbanization and deforestation, oak popula- 

tions have been reduced to fragments of different sizes and 

shapes that cover approximately 20% of the basin (López 

et al. 2006). 

Sampling design 
 

Survey sampling was conducted from October to Decem- 

ber 2019. First, we selected six permanent forest frag- 

ments, where Q. deserticola occurs, categorized into three 

size classes as follows: (i) two small fragments ≤ 10 ha in 

El Tigre: (8 ha) (19° 37 'N, 101° 24' W) and La Concep- 

ción: (9 ha) (19 42' N, 101° 18' W), (ii) two medium frag- 

ments ≥ 25 ha in Capula: (30 ha) (19° 42 'N, 101° 24' W) and 

Las Canoas: (34 ha) (19° 51' N, 101° 14' W); and (iii) two 

large fragments ≥ 65 ha in Atécuaro: (71 ha) (19° 37' N, 101° 

10' W) and El Remolino: (76 ha) (19° 37' N, 101° 20' W). An 

assessment of human occupation and land use history indi- 

cates that all fragments in the Cuitzeo Lake Basin have same 

age (López et al. 2006). In each forest fragment, four follow- 

ing parallel transects of 5 × 50 m were delimited: two located 

at the edge of the fragment and two inside of the fragment 

distant at 300 m from the edge. Therefore, 15 mature indi- 

viduals of Q. deserticola were randomly collected in each 

transect, totaling 30 individuals at the edge and 30 in the 

interior of each fragment (n = 60 individuals per fragment). 

To assess the amount of resources to insect herbivores, plant 

quality, leaf morphology, FA and herbivory levels, we sam- 

pled leaves at the end of the rainy season (November) after 

the peak of herbivore activity. In each tree, three branches 

were randomly collected at each canopy stratum as follows: 

upper, middle and lower (Cuevas-Reyes et al. 2011). To ana- 

lyze leaf morphology and FA, 30 fully expanded and undam- 

aged leaves were collected per tree (10 leaves per canopy 

stratum) (Cuevas-Reyes et al. 2011). Another 30 leaves were 

randomly selected per tree to estimate herbivory levels, (also 

ten leaves per canopy stratum). In general, oak community 

composition was different between forest fragment sizes and 

among interior and edges of fragments. A full characteriza- 

tion of oak community composition is given in Supplemen- 

tary Materials (Online Appendix 1). 

 

Quantity and quality of plant resources 
 

In each selected tree, we measured the following param- 

eters to quantify plant resources and quality to herbivores: 

(i) diameter at breast height (DBH) as plant size estimator 

(Cuevas-Reyes et al. 2004); (ii) canopy cover (an indica- 

tor of leaf availability) (Maldonado-López et al. 2015) was 

estimated using the following two different methods: first, 

we used a spherical densimeter, which consists of a small 

wooden box with a convex or concave mirror, engraved with 

24 squares. Canopy cover was estimated at four diff ent 

points of the canopy (North, South, East and West in relation 

to the tree trunk) by calculating the number of squares (or 

quarters of the squares) covered by the canopy in the image 

generated by the densimeter (Korhonen et al. 2006). The 

second method consisted of using a luminous flux exposure 
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meter (lux), which measures the intensity of light flux that 

passes through the tree canopy per unit of time. Therefore, 

a lower luminous fl represents a larger canopy tree. We 

assessed plant quality to herbivores indirectly by quantifying 

the chlorophyll content using SPAD 502 (Minolta) measure- 

ments from 15 random leaves per tree. Chlorophyll content 

can be used as an indicator of photosynthetic capacity, pri- 

mary productivity and nutritional status, because most of the 

plant´s nitrogen is found in diff ent chlorophyll types (Li 

et al. 2018; Santos et al. 2021). 

 

 

Fluctuating asymmetry measurements 
 

We used a digital image of each sampled leaf to measure the 

distance from the leaf edge to the midrib at the midpoint of the 

leaf, to the right side (Rw) and left side (Lw), corresponding 

to its widest part. Since asymmetry may be size-dependent, 

we calculated leaf FA as the absolute value of the difference 

between the distances from the midrib to the right and left 

margins of each leaf divided by the average distance: (|Ai— 

Bi|)/(Ai + Bi/2) (Cornelissen and Stiling 2005; Cuevas-Reyes 

et al. 2011, 2018a). To control the measurement error in FA, 

we obtained a subsample of ten leaves to re-measure without 

reference to previous measurements. In this subsamples, we 

evaluated the degree of significance of FA relative to meas- 

urement error using a two-way mixed-model ANOVA. If the 

interaction individual × leaf × side is significant, it indicates 

that variation in FA is greater than expected by measurement 

errors (F9,25 = 18.7; P < 0.0001). It is also necessary to dis- 

criminate FA from other types of asymmetry, all of which are 

characterized by a different combination of mean and vari- 

ance of the distribution of right-minus–left (R–L) differences 

(Palmer and Strobeck 1986). In the case of FA, the R-minus–L 

diff ences are normally distributed with a mean value of zero. 

In Directional asymmetry, the R-minus–L diff ences are also 

normally distributed, but the mean is significantly greater or 

less than zero. In Antisymmetry, a platykurtic or bimodal 

distribution of R-minus–L differences with a mean of zero 

is found. In this context, it was necessary to confirm that our 

data reflected only FA. To do this, we performed a Student’s t 

test and Lilliefors’ normality test to determine whether mean 

values of signed R-minus–L values diff  ed signifi  y from 

zero (Telhado et al. 2010; Alves-Silva and Del-Claro 2016). 

Our results showed that R-minus–L measurements did not 

differ from zero (t = 0.39; P > 0.05), rejecting the presence of 

directional asymmetry in our data. The presence of antisym- 

metry was also rejected, because our data (R-minus–L) exhib- 

ited a normal distribution (P > 0.05). 

Herbivory measurements 
 

To estimate the leaf area consumed by insect herbivores, we 

obtained a digital image of each leaf to calculate the total leaf 

area and the area removed by insect herbivores using the soft- 

ware Image J v1.48 (Schneider et al. 2012). The percentage of 

leaf area removed by herbivores was calculated for each leaf 

by (leaf area consumed/total leaf area) × 100. Herbivory data 

were transformed as arc-sine square root to meet normality 

(Cuevas-reyes et al. 2018a). 

 

Morphometric measurements of leaves 
 

We used geometric morphometric techniques to determine 

the differences in leaf morphology and size between trees 

of Q. deserticola from different fragments size, forest edge 

and forest interior. In each leaf image used to assess FA, 32 

anatomical marks were placed with two additional marks as 

size reference. All landmarks correspond to homologous loci, 

which are unambiguous and repeatable marks in all the leaves, 

representing their shape (i.e., ‘landmarks’ sensu Bookstein 

1991; Cuevas-Reyes et al. 2018b). We used the TpsDig pro- 

gram (Rohlf 2015) to record the coordinates (x, y) of the 32 

landmarks in each leaf image. A Procrustes superimposition 

analysis was performed with the CoordGen6 program in the 

Integrated Morphometrics Package (IMP series: http://www. 

canisius.edu/~sheets/morphsoft.html). We considered the 

average configuration of all leaves as reference, and then we 

calculated the shape variables (Procrustes distances) based on 

superimposition coordinates to eliminate the eff of leaf size 

(Cuevas-Reyes et al. 2018a). We applied a canonical variate 

analysis (CVA) and discriminant analysis (DA) to determine 

shape diff ences between diff ent fragment size, habitat type 

(edge × interior) of all fragments, edge and interior by frag- 

ment size. The CVA test produces ordination plots indicating 

the differences in the shape of the leaves, whereas DA test 

provides reliable information on the classification of the leaf 

shape by calculating morphological classification tables with 

cross-validated. A DA was performed using cross-validated 

scores classification tables with T2 statistics (P value for tests 

with 1000 permutations < 0.0001) while CVA, the statisti- 

cal significance of pairwise differences in mean shapes was 

assessed with permutation tests (T2 statistics; 10 000 permuta- 

tions per test) using the Mahalanobis distance in the MophoJ 

v1.07a (Klingenberg 2011). 

 

Statistical analyses 
 

Spatial autocorrelation 

 
Spatial autocorrelation is a common phenomenon of eco- 

logical distributions, because closer geographic areas tend 

to be more similar than expected by random (Schiegg 2003). 
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Therefore, if there is spatial variation in the quality and 

quantity of plant resources, as well as in the levels of FA 

and herbivory, it is possible to expect that Q. deserticola 
individuals that occur in neighboring forest fragments have 

similar quality and quantity of plant resources, as well FA 

and herbivory levels regardless of their size. In this way, 

we performed a spatial autocorrelation analysis using the 

Moran’s I coefficient, which measures the degree of correla- 

tion between the values of a particular variable as a function 

of spatial location (Deléglise et al. 2011). Thus, this coeffi- 

cient indicates whether the data have a scattered, clustered or 

random spatial distribution pattern. In addition, the Moran’s 

I values range from − 1 to 1, where values close to 1 and 

– 1 indicate high positive and negative spatial autocorrela- 

tion, respectively, and values close to 0 represent a random 

spatial distribution (i.e., no spatial relationship) (Fu et al. 

2014). The values of Moran coefficient can be visualized in 

a scatterplot, where the x-axis is represented by the original 

variable studied, the y-axis represents the spatially lagged 

variable and the slope of the linear fi is the value of the 

Moran coeffi      (Bonada et al. 2012). For this analysis, 

a distance-weight matrix with the variables of the x- and 

y-coordinates was used as the east and north coordinates, 

as well as a distance band estimated automatically from the 

inverse of the distance using the GeoDA 1.8 software (Fu 

et al. 2014). 

 
Effects of fragment size and habitat type 

 
We used general linear mixed models (GLMM) to analyze 

the differences in leaf area, diameter at breast height, chlo- 

rophyll content, canopy cover, FA and herbivory (a separate 

model for each of these response variables) among frag- 

ment size classes (small × medium × large) and habitat types 

(edge × interior). Fragment size and habitat type were con- 

sidered as the independent variables and site as a random 

effect. For GLMM analysis luminous flux data were trans- 

formed to log values. Residuals were normally distributed in 

all cases. We also perform a Principal Component Analysis 

(PCA) to evaluate the variation in plant resources and qual- 

ity, FA and herbivory between forest fragment size classes. 

 

Effects of plant resources and quality on herbivory 

 
A Spearman correlation was performed to determine the 

relationships between herbivory and leaf area, DBH, chlo- 

rophyll content, canopy cover, luminous fl and FA lev- 

els. All these analyses were performed in SAS ver. 11 (SAS 

2000). 

We conducted mixed-effect analyses of covariance 

(ANCOVA tests) to determine whether plant quality and 

FA covariate with herbivory among fragment size classes 

(small × medium × large) and habitat types (edge × interior) 

(Baskett and Schemske 2018). In a fi t set of ANCOVA 

tests, forest fragments, plant quality, FA and the interac- 

tion between forest fragments × plant quality or FA were 

considered as independent variables. Study site was consid- 

ered as a random factor and herbivory as response variable 

(Baskett and Schemske 2018). In a second set of ANCOVA 

tests, habitat type (edge × interior), plant quality, FA and the 

interactions between habitat type × FA and plant quality × 

FA were considered as independent variables, study site as 

a random factor and herbivory as response variable (Baskett 

and Schemske 2018). 

 
 

Results 
 

Spatial autocorrelation 
 

We detected values of the Moran’s I coefficient were 

close to 0 to all parameters related to the quantity (leaf 

area = − 0.028; DBH = − 0.022; canopy cover = − 

0.080; luminous flux = − 0.020) and quality  

(chlorophyll con- tent = 0.035) of plant resources, as  

well as in the FA (− 0.060) and herbivory (− 0.032) 

of Q. deserticola indi- viduals growing in diff ent 

fragment sizes, indicating a random spatial distribution 

of our data. This confirms that all forest fragments can 

be considered independent data points in all statistical 

analyzes. The scatterplots of values of Moran’s coefficient 

for each response variable analyzed were included in the  

Supplementary Materials (Online Appendix 1). 

 

Effects of fragment size and habitat type 
 

According to general linear models’ analyses, leaf area, 

DBH, chlorophyll content, canopy cover, luminous flux, FA 

and herbivory varied between fragments of diff ent size 

classes (Table 1). Individuals of Q. deserticola growing 

in small forest fragments had higher leaf area, chlorophyll 

content, canopy cover, FA and herbivory in comparison 

with those in medium and large fragments (Fig. 1). We also 

found differences in DBH, luminous flux, FA and herbivory 

between the edge and the interior of the forest fragments. 

However, no significant differences were found in leaf area, 

chlorophyll content and canopy cover among habitat types 

(Table 1). The DBH, luminous flux and chlorophyll content 

were higher in the interior of fragments compared with the 

edges. The opposite patter was observed for FA and her- 

bivory (Fig. 1). 

The effects of fragments size on plant resources and qual- 

ity, FA and herbivory were reinforced by the PCA, which 

indicated that more than 58.8% of the variation among indi- 

viduals was explained by the first two component axes. The 

first PCA axis accounted for 43.9% of overall variation and 
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Table 1  Summary of the 

results of mixed models testing 

the effects of fragment size 

class (small, medium and 

large fragments), habitat type 

(interior and edge) and their 

interaction on plant resources 

and quality, FA and herbivory. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The asterisk indicates the plant variables that were significantly different 

 
 

was associated to chlorophyll content, DBH, canopy cover, 

leaf area, herbivory and FA on the right side. The second 

PCA axis explained 14.9% of the total variation, with a sub- 

stantial contribution of the luminous flux as observed by the 

high individual loadings (Fig. 2). 

 

Effects of plant resources and quality on herbivory 
 

In general, significant positive relationships were observed 

between herbivory and leaf area, FA, DBH, chlorophyll con- 

tent and canopy cover (in descending order of R coefficient 

values). On the other hand, the herbivory and luminous flux 

were negatively correlated (Table 2). Thus, herbivory was 

higher on individuals of Q. deserticola with higher resource 

availability and quality at the fragment scale. A negative 

relationship was found between luminous flux with all vari- 

ables analyzed (Table 2). 

The results of mixed models ANCOVA showed that 

only leaf area and FA covaried with herbivory along forest 

fragment size classes (Table 3a). The covariation between 

leaf area and herbivory was positive in small (R2 = 0.17, 

P = 0.002) and medium fragments (R2 = 0.23, P = 0.005), but 

no significant relationship was detected in large forest frag- 

ments (R2 = 0.05, P = 0.10). In the same way, FA covaried 

positively with herbivory in small (R2 = 0.33, P = 0.0001) 

and large forest fragments (R2 = 0.23, P = 0.0003), but not 

in medium fragments (R2 = 0.03, P = 0.23). We found that 

only FA covaried positively with herbivory both in the edge 

(R2 = 0.39, P = 0.0001) and the interior of the forest frag- 

ments (R2 = 0.37, P = 0.0001) (Table 3b). 

 

Leaf morphology 
 

Leaf morphology of Q. deserticola individuals was different 

among forest fragments of different size classes and habitat 

types. The coordinate superimposition analysis showed that 

leaves of individuals of small fragments were more elongated 

and wider in comparison with leaves of individuals of medium 

and large fragments (Fig. 3a). The canonical variate analysis 

distinguished three groups, segregating individuals accord- 

ing to fragment size class. The CVA 1 explains 58.25% of 

total variance; (Axis 1 λ = 0.853 d.f. = 120 P < 0.0001, Axis 

2 λ = 0.935 d.f. = 59 P < 0.0001) (Fig. 3b). The discriminant 

analysis revealed significant differences between fragments 

from different size classes. The Mahalanobis distances and 

the T2 value were 0.74, 155.36 (small vs. large fragments), 

0.68, 126.73 (small vs. medium) and 0.71, 145.05 (medium 

vs. large). All pairwise comparison tests T2 were significant 

(P < 0.0001). Leaves of Q. deserticola individuals growing in 

forest edges were more elongated and wider than in the interior 

of the fragments (Fig. 1c), and the CVA 1 explained 52.27% of 

the total of variance (λ = 0.880 d.f. = 60 P < 0.0001) (Fig. 3d). 

The discriminant analysis indicated differences among the 

 

 

Response variable 
   

Leaf area (cm2) 

Explanatory variable 

 

Fragment size 

d.f. 
 

2 

F 
 

48.6 

P < 

 

0.008* 

 Habitat type 1 3.4 0.07 

 Fragment size × Habitat type 2 0.3 0.76 
DBH (cm) Fragment size 2 10 0.04* 

 Habitat type 1 11.4 0.0009* 

 Fragment size × Habitat type 2 26.7 0.0001* 
Chlorophyll (SPAD units) Fragment size 2 13.3 0.02* 

 Habitat type 1 1.3 0.25 

 Fragment size × Habitat type 2 5.3 0.005* 
Canopy cover (%) Fragment size 2 23.2 0.01* 

 Habitat type 1 0.23 0.63 

 Fragment size × Habitat type 2 4.9 0.009* 
Luminous flux (lux) Fragment size 2 14.6 0.02* 

 Habitat type 1 17.7 0.0001* 

 Fragment size × Habitat type 2 5.1 0.006* 
FA Fragment size 2 42.8 0.006* 

 Habitat type 1 36.9 0.0001* 

 Fragment size × Habitat type 2 4.8 0.009* 
Herbivory (%) Fragment size 2 10.1 0.04* 

 Habitat type 1 48.3 0.0001* 

 Fragment size × Habitat type 2 3.2 0.04* 
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Fig. 1 Plant resources and quality, leaf FA and herbivory in Quercus 
deserticola in three forest fragments size classes and two habitat 

types (interior and edge of fragments). Different letters indicate sta- 

tistically  significant  differences  (P < 0.05).  Untransformed  herbivory 

data and standard error bars are show 

 
 
 

 

interior and the edge of forest fragments (Mahalanobis dis- 

tance = 0.73 and the T2 = 229.42 for habitat type). 
Discussion 

 

Effects of fragment size and habitat type 
on quantity and quality of plant resources 

 
The present study detected signifi fragment size and 

edge eff on the amount and quality of resources for 

herbivorous insects, and also on FA and herbivory inten- 

sity. Abiotic changes associated with forest fragmentation, 

 
 
 
 
 

 

 

D
B

H
 (

cm
) 

Lu
m

in
ou

s 
flu

x 
(lu

x)
 

C
hl

or
op

hy
ll 

(S
P

A
D

) 
C

an
op

y 
co

ve
r 

(%
) 

  



21 
 

 
 

Trees 
 

 

 

Small fragments Medium fragments Large fragments 

 

 
4 

 
Luminous flux 

Chlorophyll 

2 
DBH 

Leaf area 

Herbivory 
0 

 
 

FA 

-2 Canopy cover 

 

 
-4 

 
 

-4 -2 0 2 4 

PC 1  (43.9 %) 

 

Fig. 2 Biplot showing the results of principal component analysis 

(PCA) of plant resources and quality, FA and herbivory in Quercus 
deserticola for fragments from different size classes 

such as increasing wind speed, light availability and tem- 

perature, and decreasing soil moisture and nutrients, can 

directly affect plant quality (Tuff et al. 2016; Arroyo- 

Rodríguez et al. 2017; Schmidt et al. 2019). For example, 

Maldonado-López et al. (2015) showed that individualls 

of Q. castanea and Q. deserticola had higher DBH, height 

and canopy cover in small fragments and in the forest edge 

in comparison to conspecifi in larger fragments, as a con- 

sequence of higher solar radiation and temperature. Our 

results show that chlorophyll content was higher in indi- 

viduals of Q. deserticola in small than in medium and 

large fragments. The chlorophyll content is related to a 

higher photosynthetic capacity per unit of leaf area (Souza 

et al. 2004), and depends on environmental factors such 

as the incidence of light, temperature and precipitation 

(Bielinis et al. 2015). Therefore, more light incidence in 

plants that grow in small fragments or the edge of the 

fragments can represent a higher photosynthetic capacity 

and carbon fi ation in the form of carbohydrates, which 

in turn, increase plant growth rate (Thompson et al. 2017; 

Killi et al. 2018; Ghorbanzadeh et al. 2020). This idea 

 
 
 

 

Table 2   Spearman's correlation 
coefficients of the pairwise 

relations between all variables 

Leaf area   DBH   Chlo- 

rophyll 

content 

Canopy cover   Luminous flux   FA Herbivory 

related to plant resource    
availability and quality, FA and 

herbivory, considering all forest 

fragments regardless of their 

size (P < 0.05) 

 
 
 
 
 

* Significant values of the correlations 

 
 
 

 

Table 3   Results of the mixed- Response variable Explanatory variable df F P < 
effects ANCOVA testing the    
effects of fragment size (small 

vs. medium vs. large), leaf 

area, FA and their interaction 

(fragment size × leaf area 

and fragment size × FA) on 

herbivory (a), and the effects of 

habitat type (edge × interior), 

FA and their interaction (habitat 

type × FA) on herbivory (b) 

(a) Effects of fragment size 

Herbivory (%) Fragment size 2 1.49 0.04* 

 
 
 
 
 

Only models with significant results are shown 

*Significant values 

 

 

P
C

 2
  

(1
4
.9

 %
) 

Leaf area 0.33* 0.32* 0.24* – 0.22* 0.32* 0.45* 
DBH  0.52* 0.42* – 0.22* 0.47* 0.35* 
Chlorophyll content   0.30* – 0.17* 0.25* 0.34* 
Canopy cover    – 0.62* 0.46* 0.24* 
Luminous flux     – 0.39* – 0.31* 
FA      0.43* 
Herbivory       

 

Leaf area 

Fragment size × Leaf area 

Herbivory (%) Fragment size 

1 33.38 0.0001* 
2 3.76 0.0103* 
2 3.05 0.03* 

 FA 1 16.17 0.0001* 

 Fragment size × FA 2 10.59 0.0002* 
(b) Effects of habitat type     

Herbivory (%) Habitat type 2 27.49 0.0001* 

 FA 1 13.36 0.0004* 

 Habitat type × FA 2 0.12 0.72 
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Fig. 3 Leaf morphological variation of Quercus deserticola. a Mor- 

phological differences among fragments from different size classes. 

The shape shows the average of the coordinates of the configuration 

of the leaves; b differences in leaf shape morphology among frag- 

ments from different size classes according to the canonical variate 

analysis (CVA); c morphological differences among the forest interior 

and edge. The shape shows the average of the coordinates of the con- 

figuration of the leaves; and d differences in leaf shape morphology 

between forest interior and edge according to the canonical variate 

analysis (CVA) 

 
 

agrees with our results, since individuals of Q. deserticola 

in small fragments had higher DBH, chlorophyll content 

and canopy cover. In addition, individuals that occur in the 

edge of the fragments had lower DBH and luminous fl 

that passes through its canopy. One possible explanation 

for these results is that abiotic conditions in small frag- 

ments and the edge of the fragments change more abruptly 

than in large fragments and the interior of fragments (Silva 

and Simonetti 2009), affecting the plant growth by increas- 

ing canopy cover and leaf production. 

Allometric theories suggest that size and shape of organ- 

isms follow universal rules assuming that mean values of 

plant branching traits characterize the network architecture 

and providing a mechanistic basis for scaling physiological 

processes such as metabolic rate with plant size (Mäkelä 

and Valentine 2006). Shinozaki et al. (1964a, b) proposed 

the pipe model theory that it suggests that a unit quantity 

of leaves is supported by a unit pipe that has a constant 

 
cross-sectional area and connects the leaves down with 

the base of the stem, obtaining an estimation of number of 

leaves, photosynthesis and respiration rates. In addition, 

Shinozaki et al. (1964a, b) find that a constant relationship 

between foliage mass and wood area, that which governs the 

degree of carbon gain by photosynthesis and loss of water by 

transpiration. In our study, we found a positive relationship 

between leaf area with DBH, canopy cover and chlorophyll 

content, suggesting that individuals of Q. deserticola that 

grow in small fragments and at the edge of the fragments 

would have a greater carbon gain by photosynthesis which 

is expressed in a higher chlorophyll content in the leaves 

according to the pipe model theory proposed by Shinozaki 

et al. (1964a, b). 

Some studies have documented that forest fragmenta- 

tion aff quantity and quality of plant resources to her- 

bivores (Ruíz-Guerra et al. 2010; Maldonado-López et al. 

2015). Microclimatic conditions at forest fragments are 
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characterized by high incidence of solar radiation and tem- 

perature, low relative humidity and water availability and 

soil fertility (Murcia 1995; Bernaschinia et al. 2019), which 

in turn can reduce plant nutritional quality and increase 

chemical defense (Cuevas-Reyes et al. 2013; Maldonado- 

López et al. 2015). For example, in conditions of a low water 

availability that is typically associated with both high tem- 

peratures and the incidence of UV radiation (Xu et al. 2010; 

Ramakrishna et al. 2011), plant growth is affected and thus, 

plants tend to decrease both the absorption and the use of 

nitrogen and carbon, reducing the nutritional quality of the 

leaves and generating a surplus of carbohydrates available 

for the synthesis of carbon-based defenses, accumulating 

secondary metabolites such as terpenes, alkaloids and phe- 

nolic compounds (de Matos Nunes et al. 2014, Niinemets 

2015; Piasecka et al. 2017). Therefore, biosynthetic path- 

ways of primary metabolism are affected when plants tend 

to decrease the absorption and use of nitrogen and carbon, 

reducing leaf nutritional quality and increasing chemical 

defenses (Ramakrishna and Ravishankar 2011; Brunner 

et al., 2015). In addition, temperature can infl the 

regulation, permeability and intracellular reactions rate of 

secondary metabolites, increasing terpenoid biosynthesis, 

as it was detected in Quercus rubra and Q. alba (Hanson 

& Sharkey 2001). Thus, plants are able to respond to high 

solar radiation increasing the production and accumulation 

of secondary metabolites such as phenolic compounds, trit- 

erpenoids, and flavonoids (Ghosh et al. 2018; Isah & Umar 

2018). For example, the accumulation of flavonoids is due 

in many cases to UV-exposure, which giving protection to 

leaves (Hectors et al 2012). These facts affect insect herbi- 

vores preference and performance (Kolb et al., 2016). 

 

Effects of quantity and quality of plant resources 
on herbivory 

 
Our results indicated that herbivory levels were higher on 

Q. deserticola individuals that occur in small fragments and 

in the edges of the fragments, where the amount of plant 

resources and their nutritional quality was higher (i.e., chlo- 

rophyll content, DBH and canopy cover). This pattern agrees 

with the fi of Maldonado-López et al. (2016), who 

reported that oak quality and herbivory levels were higher in 

small fragments compared to large fragments. Therefore, we 

propose that abiotic conditions in small fragments and the 

edge of fragments change more abruptly than in larger frag- 

ments and in the interior of the fragments, increasing plant 

quality (i.e., canopy cover, chlorophyll content and plant 

size), which in turn increases the herbivory levels (Trom- 

bulak and Frissell 2000; Karban 2007; Silva and Simon- 

etti 2009). Our results support “the plant vigor hypothesis” 

(Price 1991) that proposes that herbivorous insects prefer- 

entially feed on large and more vigorously growing plants, 

because their higher nutritional quality increases offspring 

performance. A meta-analysis involving 161 independent 

comparisons confirmed that herbivorous insects were signifi- 

cantly more abundant on more vigorous plants (Cornelissen 

et al. 2008). In accordance with this idea, we propose that 

individuals of Q. deserticola growing in small fragments and 

in fragment edges are more vigorous, representing resources 

of higher nutritional content and low concentration of chem- 

ical defenses for insect herbivores. 

We demonstrated that individuals of Q. deserticola exhib- 

ited significantly higher levels of FA and herbivory in small 

fragments and in the fragment edges, as well as a positive 

relationship between FA and herbivory. These results agree 

with other studies (Lempa et al. 2000; Maldonado-López 

et al 2019) and can be explained in two different ways. The 

fi t is that insect herbivory directly causes stress on host 

plants, resulting in higher levels of FA (Gómez et al. 2003; 

Santos et al. 2013; Maldonado-López et al. 2019). It has 

been shown that herbivory damage can lead to alterations 

in the developmental instability (i.e., ability of a genotype 

to develop the same phenotype regardless of environmental 

conditions, where leaves damaged by insects show small 

deviations from perfect symmetry, indicating high levels of 

stress expressed in higher levels of fl asymmetry 

compared to undamaged leaves (Møller & Shykoff 1999; 

Alves-Silva & Del-Claro 2016). Alternatively, plants with 

higher FA might be more susceptible to herbivory as results 

of chemical or nutritional diff ences between symmetric 

and asymmetric leaves (Lempa et al. 2000; Ribeiro et al. 

2013). For example, studies performed in Quercus laevis and 

Q. geminata, as well as in Epirrita autumnata indicated that 

asymmetric leaves had higher nitrogen and sugar concentra- 

tions, respectively, and lower concentrations of secondary 

metabolites such as tannins and gallotannins than symmet- 

ric leaves (Lempa et al. 2000; Cornelissen & Stiling 2005). 

In this way, host plant resources and their quality could be 

affected by changes in abiotic conditions associated to for- 

est fragmentation indirectly affecting herbivore incidence 

(Levey et al. 2016; Rossetti et al. 2017). However, since 

herbivory was measured at the end of the rainy season (accu- 

mulated herbivory) it was not possible to detect whether 

asymmetric leaves were present before herbivore attack or 

whether herbivores preferentially attack asymmetric leaves. 

This limitation can be overcome by conducting experimen- 

tal studies of insect herbivores exclusion under controlled 

conditions and/or field studies that consider measurements 

of FA, nutritional quality and secondary metabolites before 

leaves are damaged by insect herbivores (Lempa et al. 2000; 

Cornelissen and Stiling 2011; Alves-Silva and Del-Claro 

2016). 
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We found that leaves of individuals from sites exposed to 

greater intensity of light (i.e., small fragments and the edge 

of the fragments) had wider and elongated leaves compared 

to leaves of individuals growing in medium and large frag- 

ments, and inside the fragments. Plants respond to biotic 

and abiotic changes generated by habitat fragmentation 

through morphological, physiological and chemical adjust- 

ments, according to their ability to tolerate environmental 

stress (Schöb et al. 2013; Cuevas-Reyes et al. 2018a). These 

adjustments imply changes such as expansions or reductions 

in leaf shape and size (Cuevas-Reyes et al. 2018a; Derroire 

et al. 2018), according to both the degree of phenotypic 

plasticity and the tolerance of individuals to environmental 

stress imposed by forest fragmentation (Møller and Shykoff 

1999; Agrawal 2001; Viscosi 2015). Plants in small frag- 

ments and fragment edges are subject to greater environ- 

mental stress due to changes in abiotic conditions (Murcia 

1995), which infl the shape of the leaves (Graham 

et al. 2010). A general pattern was reported by Steinger et al. 

(2003), where exposure to low light intensities induces leaf 

elongation to maximize the absorption of light to meet the 

demands of photosynthesis, while exposure to high intensi- 

ties of light causes a reduction in leaf area (Givnish et al. 

2004; Kromdijk et al. 2016). Our results were opposite to 

the general pattern, and may be explained by the resources 

availability hypothesis (Coley et al. 1985), which predicts 

that plants develop grow faster and produce larger leaves 

in sites with higher resource availability (i.e., incidence of 

light and nitrogen). Therefore, increased light intensity in 

small fragments and fragment edges can be associated with 

high photosynthetic rates, faster growth, and larger leaves 

(Lohbeck et al. 2015). 

Some studies have shown that leaf shape can aff the 

choice of feeding and oviposition sites for insect herbivores, 

as a result of visual appearance that can delay feeding time, 

limit access to other areas, or cause non-selection of the 

leaves (Rivero-Lynch et al. 1996; Campitelli et al. 2008; 

Higuchi and Kawakita 2019). For example, in Heliconius 

butterflies it was observed that the preference for oviposition 

sites is determined by the leaf shape, resulting from a visual 

selection by females, suggesting that insect herbivores are 

capable of distinguish leaf shape traits related to palatability 

(Williams and Gilbert 1981 Dell'Aglio et al. 2016). In our 

study, more elongated and wider leaves of individuals in 

small fragments had higher herbivory levels in comparison 

with shorter and narrower leaves of Q. deserticola individu- 

als that occurred in medium and large fragments. However, 

further studies are necessary to determine the role of leaf 

shape on the observed differences in herbivory on Q. deser- 

ticola among fragment sizes and habitat types. 

In conclusion, our results showed that habitat fragmenta- 

tion, which creates small fragments with intense edge effects 

causes changes in Q. deserticola traits related to leaf mor- 

phology and FA, as well as in the amount of resources and 

their quality to insect herbivores. Such changes make the 

host plants more susceptible to the attack by insect herbi- 

vores, suggesting that bottom-up forces driving plant–her- 

bivore interactions are aff   by forest fragmentation. 

More vigorous plants in the highly fragmented habitats may 

represent key resources for insect herbivores due to their 

high nutritional quality and low concentration of chemical 

defenses. Since many insect species are associated to Q. 
deserticola and the oak species, it is important to conserve 

Mexican oaks throughout the fragmented landscapes. Our 

findings do not support the idea that the fluctuating asym- 

metry is a reliable biomarker to detect environmental stress 

in Q. deserticola in fragmented habitats, but FA may be a 

good biomarker of plant stress caused by the amount of her- 

bivory damage. In addition, our study shows how the com- 

plex relationship between FA and herbivory is modified by 

forest fragmentation because of the several abiotic and biotic 

factors involved that can affect plant–herbivore interactions. 

More investigation, possibly using experimental approaches, 

is fundamental to unravel the eff       of abiotic factors on 

Q. deserticola chemistry and physiology, to determine the 

stress conditions driving FA and herbivory in this species. 
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SUPPORTING INFORMATION 

Effects of forest fragmentation on plant quality, leaf morphology and herbivory 

patterns of Quercus deserticola: importance of fluctuating asymmetry as an indicator 

of environmental stress 

Silvia Ecaterina García-Jain1, Yurixhi Maldonado-López2, Ken Oyama3, Marcílio 

Fagundes4, Maurício Lopes de Faria4, Mário M. Espírito-Santo4 and Pablo Cuevas-Reyes1 

1) Forest composition: 

To describe the structure and richness of the oak communities, in each forest fragment, four 

parallel transects of 5 x 50 m were delimited: two located at the edge of the fragment and two 

inside of the fragment distant at 300 m from the edge. Within each transect, the species 

identity of all oak trees with a diameter at breast height (DBH) ≥ 10 cm was determined and 

the number of individuals per species was counted. We calculated the oak species richness, 

as well as the total abundance of oaks individuals per forest fragment, including all oak 

species. 

A generalized linear model (GLM) using a Poisson error distribution and a log link 

function was performed to determine the differences in the structure of oak community 

between forest fragments with different sizes. The model used fragment size (small vs 

medium vs large fragments) and oak species (Q. deserticola vs Q. castanea vs Q. obtusata 

vs Q. magnoliifolia) as independent variables. The abundance per hectare was used as the 

dependent variable. Similarly, to evaluate the structure of oak community between forest 

interior and forest edges, a GLM was performed sing a Poisson error distribution and a log 

link function. The model considered forest interior and forest edges, and oak species as 
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independent variables. The abundance per hectare was used as the dependent variable (SAS, 

2000). Non-Metric Multidimensional Scaling (NMDS) was performed to characterize 

Quercus community structure between fragments with different size. NMDS was performed 

using the Bray-Curtis distance in the software PAST 4.03 (Hammer et al., 2001). 

We found variation of the composition of the oak community along gradient of forest 

fragmentation in the Cuitzeo Basin. Larger forest fragments had greater oak abundance 

species in comparison to medium and small fragments (χ² = 11.01; d.f. = 2; P < 0.004). A 

similar pattern was observed with oak species richness, larger fragments had greater oak 

species richness than medium and small forest fragments (χ² = 1867.7; d.f. = 3; P < 0.0001). 

The interaction of fragment size and oak species was significant (χ² = 108.6; d.f. = 6; P < 

0.0001) (Fig. 1a). In general, the oak abundance species was greater in the interior of forest 

fragments than in fragment edges (χ² = 140.9; d.f. = 1, P < 0.0001); Similarly, oak species 

richness was higher in the interior than in edges of fragments (χ² = 2007.9; d.f. =3, P < 

0.0001). The interaction of forest interior and forest edges with oak species was significant 

(χ² = 199.3; d.f. = 3; P < 0.0001) (Fig. 1b). We found three oak species in small fragments: 

Quercus deserticola was predominant with 74 %, followed by Q. obtusata (18 %) and Q. 

castanea (8 %). In medium fragments we registered three species: Q. deserticola that 

represented the 82 %, followed by Q. castanea (14%) and Q. obtusata (4%), and in larger 

fragments four species were found: Q. deserticola with 88 %, followed by Q. castanea (8 

%), Q. obtusata (2 %) and Q. magnoliifolia (2 %) (Fig. 1c). The NMDS was adjusted to two 

dimensions with Bray-Curtis distance. The results of similarity in oak community showed 

that NMDS ordination explained 83 % of the variance between sampling points (axis 1 = 70 

% and axis 2 = 13 %). Each point was a two-dimensional representation of the composition 
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of oaks species based on global NMDS. We found that the composition of oaks species varied 

between forest fragments (ANOSIM r =0.49; n =12; P < 0.02). The results of post-hoc 

pairwise ANOSIM tests showed that the small and medium fragments were similar in 

composition of oak species, but different to large fragments. This fact was corroborated by 

the observed superimposition between small and medium fragments and the separation of the 

larger fragments according to the composition of the oak community (Fig. 1d). 

 

Figure 1. Analysis of oak community structure, a) Differences in oak species abundance 

between forest fragments sizes. b) Differences in oak species abundance between the interior 

and edge of fragments. c) Proportion of oak species by fragment size. d) Ordination plot of 

oak abundance in fragments with different size along non-metric multidimensional scaling 

(NMDS). The three size are small, medium and large. 
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Figure 1 
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Figure 2. Scatter plots of values of Moran index of each response variable analyzed in all 

forest fragments  
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CAPITULO II. 

Forest fragmentation increases canopy arthropod diversity in Quercus deserticola  
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Abstract 

Human activities negatively impact biodiversity. Habitat fragmentation is widely considered 

as a primary factor leading to species extinction worldwide. Forest fragmentation as well as 

edge effects negatively affect arthropod communities. We analyzed the effects of forest 

fragment size and forest edge and interior on the structure and composition of canopy 

arthropod community in Quercus deserticola along a forest fragmentation gradient at the 

Cuitzeo Basin in Mexico. Six forest fragments where Q. deserticola occurs were selected and 

classified as (i) small (≤ 10 ha); (ii) medium (≥ 25 ha); and (iii) large (≥ 65 ha). In each forest 

fragment, seven trees were randomly selected: two at the edge of the fragment and five in the 

interior of the fragments to collect canopy arthropods using fogging techniques. Individuals 

of Q. deserticola in small fragments and interior had higher arthropod abundance and 

morphospecies richness in comparison with individuals that occurred in medium-size, large 

fragments and forest edge. We found differences in arthropod abundance among fragment 

sizes and arthropod orders. The most abundant orders in all fragment sizes (small, medium-

size and large) were Hemiptera, Hymenoptera and Coleoptera. Significant differences in 

arthropod abundance between trophic guilds were detected. Phytophages and predators were 

the most abundant trophic guilds in all fragment sizes, while parasitoids and detritivores were 

less abundant. Small fragments had higher abundance of phytophages, predators and 

parasitoids. Small fragments can be considered keystone resources for maintaining of 

arthropod community diversity in a fragmented landscape in Mexican temperate forests. 

Deforestation rates are increasing in Mexican forests with potentially serious implications. Is 

important to conserve oak forests in Mexico as important reservoirs of arthropod fauna. 
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Arthropods as excellent bioindicators because they are diverse, abundance and responsive to 

environmental alterations. 

Keywords: Forest fragmentation Edge effect Canopy arthropods Trophic guilds   
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Introduction 

Canopy arthropods of temperate and tropical forests represents an important proportion of 

the global biodiversity, estimating 6.1 million species of arthropods worldwide (Basset et al. 

2007; Hamilton et al. 2013). Particularly, the canopy is associated to a unique and rich 

community of specialist arthropods species (Tovar-Sánchez et al. 2013; Stork et al. 2015, 

2018), grouped in different trophic levels such as phytophages, predators, parasites, 

parasitoids, pollinators and detritivores (Hamilton et al. 2010; Nakamura et al. 2017). 

Arthropods guilds have important ecological roles, since they participate in ecosystem 

services as decomposition, nutrient cycling, energy transfer and soil formation (Yang and 

Gratton 2014; Maguire et al. 2015; Schowalter et al. 2018). When phytophages arthropods 

outbreaks occur, the patterns of primary production and biogeochemical cycling are altered 

(Medvigy et al. 2012; Schowalter 2012). Different factors could be associated with arthropod 

diversity on tree canopies. Environmental factors such as temperature, humidity, light 

incidence and wind speed, as well as aspects of the structure and composition of plant 

communities, including species richness, plant density and quality, have been proposed as 

drivers of canopy arthropod diversity (Tal et al. 2008; Ulyshen 2011). Additionally, forest 

fragmentation can alter abiotic and biotic conditions, generating changes in the arthopod 

diversity (Maldonado-López et al. 2016). Forest fragmentation is a dynamic process in which 

the forest is progressively reduced to patches with different sizes, and degrees of isolation 

undergoing to a rapid and abrupt abiotic and biotic changes (Haddad et al. 2015; Fletcher et 

al. 2018). Usually, a decrease in fragment area causes habitat loss, leading to declining 

population sizes of several species, inbreeding depression and local extinction, reducing 

species diversity (Ibanez et al. 2014). Abiotic changes associated to forest fragmentation such 
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as increasing wind speed, light availability and temperature, and decreasing soil moisture and 

nutrients affect plant quality (i. e. canopy cover, chlorophyll content and plant size and 

chemical defenses) (Arroyo-Rodríguez et al. 2017; Han et al. 2019; Schmidt et al. 2019), 

which in turn, different factors associated plant quality can influence canopy arthropod 

diversity and the preference, abundance and distribution of insect herbivores (Rautiainen et 

al. 2005; Maldonado-López et al. 2016). For example, some studies have documented that in 

oaks species, plant quality was higher in individuals that occurred in small fragments and the 

edge of fragments than in individuals of the large fragments and in the interior of the 

fragments due to more abruptly changes in the abiotic conditions (Silva and Simonetti 2009; 

Maldonado-López et al. 2016; Garcia-Jain et al. 2021). In the literature there are two 

scenarios in fragmented habitats: the first one, where insect abundance increases as a result 

of the reduction of predators and parasitoids (top-down forces) (Pfeifer et al. 2017; Schüepp 

et al. 2014), because highly specialized species or groups and higher trophic levels (Holt et 

al. 1999; Burkle et al. 2013; Martinson and Fagan 2014; Rossetti et al. 2017) seem to be 

consistently more sensitive to the effects of fragmentation, due to its higher resource, energy 

and forest area (Holt et al. 1999; Gravel et al. 2011; Murphy et al. 2016). Second, it has been 

observed that herbivory levels can be reduced as a result of changes in plant nutritional 

quality and concentration of defensive compounds of plants (bottom-up forces) (Maguire et 

al., 2016; Maldonado-López et al., 2016) due to changes in environmental conditions mainly 

in small fragments and forest edges. In this way, plants can impact herbivores directly by 

influencing their performance and survival and indirectly by mediating the effects of natural 

enemies (Sobek et al. 2009; van Dam and Heil 2011). 
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Arthropod species respond in different ways to habitat fragmentation (Cagnolo et al. 

2009; Bagchi et al. 2018) as result of the variation in their dispersal abilities, habitat 

requirements, life histories, and distribution patterns (Tscharntke et al. 2002; Nufio et al. 

2011; Heidrich et al. 2020). In this way, arthropod community differs in the composition of 

the functional groups occupying different trophic niches such as detritivores, phytophages, 

predators, parasites, parasitoids and pollinators (Hamilton et al. 2010; Nakamura et al. 2017; 

Maldonado-López et al. 2018). The response of arthropod communities to habitat 

fragmentation is highly variable because the changes in a particular habitat can increase the 

resource availability for some species or reduce the resources for others (Barberena-Arias 

and Aide 2002). For example, Gravel et al. (2011) showed that predators was poorly 

represented in small forest fragments due to stochastic extinction, and that specialist 

predators was more affected as result of the presence of the abrupt environmental changes 

and low resource availability in small forest fragments. Similarly, forest fragmentation can 

uncouple the insect herbivore assemblages and their natural enemies, reducing levels of 

predation and parasitism and leading to pest outbreaks of herbivores (Kruess and Tscharntke 

1994; Anton et al. 2007). Therefore, fragmentation can increase the resource consumption 

levels by insects with a broad niche breadth, either in terms of diet or habitat (Layman et al. 

2007; Martinson and Fagan 2014). In contrast, resource consumption by predators with a 

narrow niche breadth decline with increasing fragmentation (Ewers and Didham 2006; 

Layman et al. 2007). Recent studies suggest that bottom-up and top-down forces interact 

together by molding and structuring arthropod communities (Castagneyrol et al. 2014, 2017; 

Vaca-Sánchez et al. 2021).  
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Habitat fragmentation can reduce arthropod abundance leading to a decline in 

arthropods communities (Forkner et al. 2008; Sanchez-Bayo and Wyckhuys 2019). For 

example, Tovar-Sánchez et al. (2003) found that sites with higher levels of fragmentation 

had low diversity levels of ectophagous canopy arthropods associated to Q. castanea, Q. 

crassipes, Q. crassifolia, Q. greggii, Q. laeta and Q. rugosa. This fact suggests that a strong 

disturbance can change habitat quality in small fragments leading to local extinction of host 

plants and therefore, a reduction in the arthropod community and the amount of leaf area 

consumed by insects associated to the canopy of the different oak species. 

The genus Quercus (Fagaceae) is a highly diverse group of woody plants that supports 

a great diversity of canopy arthropods (Tovar-Sánchez and Oyama 2006; Maldonado-López 

et al. 2018; Vaca-Sánchez et al. 2021). However, due to their great economic importance, 

oak forests have had high deforestation rates (11,156 ha per year) between 2007 and 2015 

(Mas et al. 2017). The Cuitzeo Basin which harbor 16 oaks species has been highly 

fragmented due to the expansion of agriculture, urban development and deforestation 

(Castillo-Santiago et al. 2013). Therefore, the main objective of this study was to evaluate 

the changes in structure and composition of the canopy arthropod community associated to 

Quercus deserticola along a gradient of forest fragmentation. We addressed the following 

questions: (i) Are there differences in the diversity and composition of Q. deserticola canopy 

arthropod communities among the different fragments size? (ii) Are there edge effects on the  

canopy arthropod diversity associated to Q. deserticola across a fragmented landscape? ? (iii) 

Does the arthropod guild composition vary among the different fragments size, forest edge 

and forest interior?  
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Materials and methods 

Study system 

Quercus deserticola Trel. is a white oak (section Quercus), deciduous tree, that grows up to 

10 m. The leaves of Q. deserticola vary from oblong-oblanceolate to lanceolate, with a 

slightly shiny and rough dark green upper surface; and a clear underside with abundant 

trichomes. This species occurs in semitropical and temperate forests of Mexico. It is a 

mexican endemic oak that inhabits in high, cold and dry regions, in xerophytic areas (at 

altitudes between 2000 - 2800 m), with a geographical distribution along the Trans-Mexican 

Volcanic Belt (Arizaga et al. 2009). 

Study sites 

This study was carried out in the hydrological Basin of Cuitzeo lake from October to 

December 2017. This basin has an area of 4,026 km2 and is located in the north of the state 

of Michoacán, Mexico. The Cuitzeo Basin has experienced high fragmentation of natural 

vegetation in the last decades. Land cover and large use change analyses indicate that the 

period 1986-1996 was characterized by high rates of deforestation and forest degradation 

throughout the basin (Mendoza et al. 2011) due to strong human pressures including urban 

growth, expansion of the agricultural and the removal of trees for charcoal production (López 

et al. 2006, Aguilar et al. 2012, Castillo-Santiago et al. 2013). Thus large continuous oak 

populations have been reduced to a many small fragments of variable size. To select the study 

sites, we used a database from previous analysis of land covers and land-use changes in the 

Cuitzeo Basin, remaining oak forest have been characterized into 1241 fragments of different 

sizes (López et al. 2001; López et al. 2006; Mendoza et al. 2011). Six forest fragments where 

Q. deserticola occurs were selected and classified as (i) small (≤ 10 ha) (El Tigre: 19° 37 'N, 
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101° 24' W, and La Concepción: 19 42' N, 101° 18' W); (ii) medium (≥ 25 ha) (Capula: 19 ° 

42 'N, 101 ° 24' W, and Las Canoas: 19° 51' N, 101° 14' W); and (iii) two large fragments (≥ 

65 ha) (Atécuaro: 19° 37' N, 101° 10' W, and El Remolino: 19° 37' N, 101° 20' W).  

Canopy arthropod diversity 

To analyze canopy arthropod diversity between different fragment sizes, and edge effect, we 

chose randomly two trees of Q. deserticola at the edge and 5 trees in the interior of the 

fragments. Each canopy tree was fogged using a mix of synergized pyrethrins (30 g/L) and 

piperonyl butoxide (150 g/L) with a Swingfog SN-50 Thermal Fogger. Fogging was carried 

out between 6:00 and 7:00 h, for a period of 5 min. The arthropod collection was done 2 h 

after fogging using 6 funnel-shaped trays (1 m2 in area) installed under each tree canopy. 

After 2 h of the first collection, a second collection was performed to capture the remaining 

arthropods using ropes to shake the canopy (Marques et al. 2006; Tovar-Sánchez et al. 2013; 

Maldonado-López et al. 2018). The arthropods collected were stored in 70% ethanol and 

transported to the Agroecology Laboratory of Universidad Michoacana de San Nicolás de 

Hidalgo, for taxonomic identification. Arthropods were identified to family level and 

assigned to trophic guilds (Triplehorn et al. 2005; Ubick et al. 2017). Arthropod abundance 

and species richness were estimated using morphospecies criteria (recognizable taxonomic 

units) (Triplehorn et al. 2005; Scholtz and Holm 2012; Ubick et al. 2017). 

Statistical analysis 

We performed rarefaction curves of the arthropod families to indicate whether the number of 

samples was big enough to capture the majority of arthropod diversity. Canopy arthropod 

abundance and species richness were compared among different fragment sizes using a 
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generalized linear model (GLM) analysis with a Poisson error distribution and a log link 

function. Fragment size was used as the independent variable and arthropod abundance and 

richness as the response variables. Additionally, a two-way GLM analyses were applied to 

determine the differences in abundance and species richness of arthropods  between fragment 

sizes and forest edge and forest interior, arthropod orders and trophic guilds. We also used a 

Poisson error distribution and a log link function for all cases (SAS 2000). Non-Metric 

Multidimensional Scaling (NMDS) was performed to characterize arthropod community 

structure between fragments with different size, and between forest edges and forest interior. 

NMDS was performed using Bray-Curtis distance in the software PAST 4.03 (Hammer et al. 

2001). 

Results 

A total of 12,739 arthropods were collected, of these 4,696 were registered in small 

fragments, 4,039 in medium fragments and 4,004 in large fragments, representing 716 

morphospecies (N= 492 in small fragments, N= 460 in medium fragments and N= 422 in 

large fragments) and grouped in 155 families and 16 orders (See Table1 S1). The rarefaction 

curves showed that the number of arthropods were adequately sampled, curves reaching an 

asymptote in all cases for different fragment sizes. Therefore, our diversity estimation was 

reliable. The rarefaction curves indicate that the number of arthropod families was different 

between fragment sizes. The rarefaction analysis showed that the richness of arthropod 

families was significantly higher in small fragments, followed of medium-size and large 

fragments (Fig. 1).  

We found significant differences in arthropod abundance among fragment sizes (χ2 = 

70.4, d.f. = 2, P < 0.0001) (Fig. 2a) and between morphospecies richness (χ2 = 37.2, d.f. = 2, 
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P < 0.0001) (Fig. 2b). Individuals of Q. deserticola growing in small fragments had higher 

arthropod abundance and morphospecies richness in comparison to individuals that occurred 

in medium-size and large fragments. The two-way GLM analysis showed significant 

differences in arthropod abundance among fragment sizes (χ2 = 23.2, d.f. = 2, P < 0.0001) 

and forest edges and forest interior (χ2 = 280.4, d.f. = 1, P < 0.0001). Individuals of Q. 

deserticola that occurs in small fragments and forest interior had higher arthropod abundance 

in comparison with individuals that occurred in medium-size, large fragments and forest 

edges (Fig. 2c). We found significant differences in morphospecies richness among fragment 

sizes (χ2 = 17.3, d.f. = 2, P = 0.002) and forest edges and forest interior (χ2 = 128.9, d.f. = 1, 

P < 0.0001), which was higher morphospecies richness in small fragments and forest interior 

than medium-size, large fragments and forest edges (Fig. 2d). 

The arthropod abundance was significantly different among fragment sizes (χ2 = 21.1, 

d.f. = 2, P < 0.0001) and between arthropod orders (χ2 = 1979.9, d.f. = 15, P < 0.0001). The 

most abundant orders in all fragment sizes (small, medium-size and large) were Hemiptera, 

Hymenoptera and Coleoptera respectively. In addition, small fragments had higher arthropod 

abundance of the orders Araneae and Psocoptera in comparison with medium-size and large 

fragments. The medium-size fragments showed higher abundance of the Araneae and Acari 

orders than in the small and large fragments. The order Blattodea was only present in the 

medium-size fragments. Araneae and Thysanoptera were the most abundant orders in large 

fragments. Finally, the orders Blattodea, Collembola, Dermaptera, Diptera, Lepidoptera, 

Mantodea, Neuroptera, Orthoptera, Pseudoscorpionida generally represented < 5% of the 

total of the arthropod abundance registered (Fig. 3). 
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Trophic guild designated by order and family of the arthropod community (See Table 

2 S1). We found significant differences in arthropod abundance between trophic guilds (χ2 = 

16819.4, d.f. = 4, P < 0.0001). Phytophages and predators were the most abundant trophic 

guilds in all fragment sizes, while parasitoids and detritivores were less abundant. Parasites 

were not registered in large fragments. Small fragments had higher abundance of 

phytophages, predators and parasitoids. Detritivores and parasites were more abundant in 

medium-size fragments than in small and large fragments (Fig. 4a). We found significant 

differences in morphospecies richness between trophic guilds (χ2 = 3312.6, d.f. = 4, P < 

0.0001) (Fig. 4b). Phytophages and parasitoids were more abundant in the edge of the 

medium-size fragments, while predators were more abundant in the edge of the large 

fragments (Table 1a). We found in morphospecies richness that detritivores, phytophages 

and parasitoids were more abundant in the edge of the medium-size fragments, while 

predators were more abundant in the edge of the large fragments (Table 1b). Phytophages, 

parasitoids and predators were more abundant in the interior of small fragments (Table 1a). 

Finally, we found more morphospecies richness of phytophages, parasitoids and predators in 

the forest interior of small fragments in comparison medium-size and large fragments (Table 

1b). 

NMDS was adjusted to two dimensions with Bray-Curtis distance. NMDS ordination 

explained 82% of the variance between sampling points (axis 1 = 68% and axis 2 = 14%). 

Each point was a two-dimensional representation of the composition of arthropods based on 

global NMDS. We found that the composition of arthropods varied between forest fragments 

(ANOSIM r = 0.17; n = 42; P = 0.02). The results of post-hoc pairwise ANOSIM tests 

showed that medium-size and large fragments were similar in arthropods composition, but 
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different to small fragments. This fact was corroborated by the observed superimposition 

between medium-size and large fragments and the separation of the small fragments 

according to the composition of the arthropod community (Fig. 5a). Finally, NMDS 

ordination explained 76% of the variance between sampling points (axis 1 = 65% and axis 2 

= 11%). We found that the composition of arthropods varied between forest edges and forest 

interior (ANOSIM r = 0.35; n = 42; P = 0.0003). The results of post-hoc pairwise ANOSIM 

tests showed that the forest edges and forests interior were different composition of 

arthropods (Fig. 5b). 

Discussion 

Habitat fragmentation is one of the most important threat to global biodiversity (Fahrig 2003; 

Murphy et al. 2016). In our study, we found an increase in the abundance and richness of 

canopy arthropods of Q. deserticola in small fragments, as well as in the interior of 

fragments. The orders with the highest abundance in all fragment size were Hemiptera, 

Hymenoptera and Coleoptera. Phytophages were the most abundant trophic guilds in all 

fragment sizes followed by predators and parasitoids. Small remnant fragments have been 

found to be important for both conserving biodiversity and maintaining ecosystem services 

(Cousins 2006; Mendenhall et al. 2014). These arthropod-mediated ecosystem services such 

as pollination, decomposition, nutrient cycling, and biological pest control (Isaacs et al. 

2009). Small fragments can function as refugia, representing keystone resources, a positive 

effect for biodiversity (Økland et al. 2006, Maldonado-López et al. 2015; Fahrig et al. 2019). 

Species richness and density of arthropods in small fragments can be as high as in large 

fragments (Tscharntke et al. 2002; Rösch et al. 2015). Usually, a series of small or medium-

size fragments capture a much greater habitat environment heterogeneity than one large 
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fragment (Tscharntke et al. 2002; Markgraf et al 2020). Species community found in small 

fragments are not simply a random subset of the species pool found in large fragments, 

because both fragment quality and community structure change with the site. Habitat 

heterogeneity makes discontinuous habitat fragments more diverse (Tscharntke et al. 2002; 

Jachula et al. 2021). For example, Tscharntke et al. (2002) found that the percentage of 

polyphagous butterfly species and their abundance were higher in small than in large 

fragments, several small fragments supported more butterfly species than the same area 

composed of only one or two fragments, due to the heterogeneity of the habitat (Qian and 

Shimono 2012; Rösch et al. 2015). The trophic theory of island biogeography proposes that 

area and isolation effects will exclude species that are ecologically specialized in some 

dimension relative to their generalist counterparts in the same community (Holt 2010; Gravel 

et al. 2011). Additionally, species that are positioned at higher trophic levels, or have large 

resource requirements may be especially sensitive to the effects of landscape fragmentation 

(Kruess and Tscharntke 1994; Holt et al. 1999; Gravel et al. 2011). In addition, abiotic 

conditions in small fragments change more abruptly than in large fragments, increasing plant 

quality (i.e., canopy cover, chlorophyll content and plant size), which in turn increases the 

herbivory levels (Maldonado-López et al 2016; García-Jain et al 2021), support “the plant 

vigor hypothesis” (Price 1991) that proposes that herbivorous insects preferentially feed on 

large and more vigorously growing plants, because their higher nutritional quality increases 

offspring performance. Therefore, we propose that arthropod abundance and species richness 

increased with habitat fragmentation, due to heterogeneity of the habitat and the increase in 

the plant quality, representing resources of higher nutritional content and low concentration 

of chemical defenses for arthropods (García-Jain et al. 2021). Plants under stress conditions 

increase the concentration of amino acids and decrease the production of secondary 
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metabolites in their tissues, which in turn, increase insect performance and plant 

susceptibility to phytophages (Torrez-Terzo and Pagliosa 2007; Cornelissen and Stiling 

2011) For example, Maldonado-López et al. (2016) found that oak quality (i.e., plant height, 

diameter at breast height, percentage of leaf canopy cover) and herbivory levels were higher 

in small fragments, due to abiotic conditions in small fragments change more abruptly than 

in larger fragments, increasing plant quality which in turn increases the herbivory levels 

(García-Jain et al. 2021). 

Additionally, the composition of the arthropod community between fragment sizes 

showed that small fragments had a significantly different composition of the arthropod 

community compared with medium-size and large fragments. Studies have found differences 

in the abundance and richness of the arthropod community between different fragment sizes 

(Gibb and Houchuli 2002; Bolger et al. 2008). The theory of patch dynamics (Pickett and 

Rogers 1997) proposes that the distribution and abundance of species within a fragment are 

influenced by its heterogeneity, with individual fragments supporting different communities 

of species and the mosaic of fragments within a landscape influencing the flow of materials, 

energy, and organisms. For example, Gibb and Hochuli (2002) found that large and small 

habitat fragments contained different community of spiders, wasps and ants, indicating that 

predators and parasitoids are affected more strongly than other trophic guilds. On the other 

hand, Bolger et al. (2008) found that the diversity and density of both native and non-native 

spiders is enhanced in smaller and older fragments, hypothesize that the pattern observed 

results from a bottom-up response to increased productivity in small fragments. De la Vega 

et al. (2012) found that abundance of herbivorous was lower in the forest fragments than in 

continuous oak forest, due to decrease of resource concentration (Chávez-Pesqueira et al. 
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2015). Therefore, our results of higher arthropod abundance and species richness in small 

fragments can be explained by the “crowding effect” that is a relatively positive effect of 

fragmentation on insect population density (Debinski and Holt 2000; Maldonado-López et 

al. 2015) that suggests that after forest fragmentation, insect populations may disperse to 

adjacent fragments, resulting in a local increase in population density (Debinski and Holt 

2000; Grez et al. 2004) in small fragments that have a larger edge proportion (Grez et al. 

2004; Ewers and Didham 2006). When habitat is removed from a landscape, surviving 

individuals in the portion of the landscape that is converted to matrix (non-habitat) will move 

into the remaining habitat fragments (Debinski and Holt 2000; Grez et al. 2004; Prugh et al. 

2008). As result of the forest cover decreases, organisms that survive to the immediate 

process of habitat loss are expected to look for refuge and crowd in the remaining fragments 

(Ewers and Didham 2006). For example, Maldonado-López et al. (2015) found that plant 

quality in nine oak species was significantly higher in isolated oaks and small fragments, 

increasing the abundance and species richness of oak gall wasp species in most fragmented 

habitats, suggesting “crowding effect”. Our results contrast with the predictions of Holt´s 

(1996) model that a proposes that fragmentation reduces richness of organisms living in 

smaller fragments due to higher rates of extinction.  

Biodiversity lost due to habitat fragmentation are primarily caused by edge effects 

(Fletcher et al. 2007) due to fragment interior are more stable, both abiotically and biotically 

(Murcia 1995; Harper et al. 2005). Our results agree with this idea, we found that arthropod 

abundance and species richness were also higher along fragment interior that in the fragment 

edges, the NMDS showed differences in the composition of the arthropod community 

between fragment interior and fragment edges. Another result is the fact that trees of Q. 
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deserticola in the interior of small fragments had higher abundance and species richness of 

phytophages, predators and parasitoids. Therefore, in our studio we explain our results of 

greater abundance and species richness of arthropod in the forest interior because it has a 

more stable microclimate, since the edges of the fragments are hotter and drier. These 

different conditions near fragments edge often reduce the survival of species typical for the 

forest interior. Mechanisms that drive edge effects are diverse but include factors such as 

increased predation levels, as well as differences in wind speed, temperature and radiation 

levels (Chen et al. 1995; Batary and Baldi 2004). One of the mechanisms of edge effects that 

directly affect insects is linked to the availability and quality of key resources (Ries and Sisk 

2004; Ries et al. 2004). However, insect responses can be neutral or even negative if the edge 

offers supplementary resources or few attractions, respectively (Ries and Sisk 2008). 

Alterations in the abiotic parameters at the forest edge leads to a variety of edge effects, 

including decreases in leaf litter decomposition (Didham et al. 1998), and influxes of exotic 

species (Vitousek et al. 1997; Cadenasso and Pickett 2001). 

Habitat fragmentation are a primary driver of species losses, fragmentation 

differentially impacts species with different life histories and trophic level (Pfeifer et al. 

2017; Caitano et al. 2020). Previous studies showed that species more sensitive to 

fragmentation were also found to share particular life history traits such as large body size, 

low dispersal ability and high food and habitat specialization (Tscharntke et al. 2002; Lizée 

et al. 2011; Nufio et al. 2011). Abundance of different trophic guilds is changing in response 

to habitat fragmentation (Soliveres et al. 2016; Newbold et al. 2019). For example, Moreno 

et al (2014) found lower litter decomposition in small fragments, supporting by reductions in 

diversity of the detritivores in small fragments (Rantalainen et al. 2005). In this way, we 

found that detritivores decreased with fragmentation, due to in fragmented habitats humans 
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tend to reduce decaying matter. For the case of phytophages, were most abundant in all 

fragment size. Phytophages are abundance because nearly 75% of the total biodiversity and 

biomass of extant macro-organism is comprised of plants and their herbivores (Wilson 2001; 

Agrawal 2011). Also, we found that parasitoids and predators are most abundance in small 

fragments. Specifically, arthropod communities associated with oak canopies respond to 

predation by natural enemies as parasites or parasitoids (Tovar-Sánchez et al. 2013; 

Maldonado-López et al. 2018; Vaca-Sánchez et al. 2021). Interactions between species may 

act through different trophic levels in bottom-up and top-down directions (Valencia-Cuevas 

et al. 2015). Therefore, we explain our results based on guilds such as phytophages, predators, 

detritivores and parasitoids presented higher abundance and species richness in oak canopies 

(Tovar-Sánchez et al. 2013; Maldonado-López et al. 2018; Vaca-Sánchez et al. 2021). In this 

way, the high diversity of predators and parasitoids found in our study could be explained by 

the great abundance of phytophages arthropods. We propose that our results can be explained 

by a combination of both factors, where bottom-up forces will set the stage for top-down 

forces act. Particularly, in oak communities, some studies have suggested bottom-up forces 

as the main regulatory mechanism of the distribution and abundance of herbivorous insects 

through leaf nutritional quality and phenology (Feeny 1970; Schultz and Baldwin 1982; West 

1985; Faeth and Bultman 1986; Rossiter et al. 1988). However, more recent studies suggest 

that bottom-up and top-down forces interact together by molding and structuring arthropod 

communities (Forkner and Hunter 2000; Castagneyrol et al. 2014, 2017). For example, a 

meta-analysis including 172 studies showed that top-down forces were stronger than bottom-

up forces to control herbivorous insects, where, chewing, sucking and gall-making herbivores 

were more affected by top-down than bottom-up forces, and parasitoids and predators had 

equally strong top-down effects on insect herbivores (Vidal and Murphy 2018). 
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One conservation strategy for the sustainability of the arthropod community is that 

small and medium-size fragments should be dispersed enough to cover such a wide range of 

geographic area as to maximize beta diversity, but large fragments should be close enough 

to allow dispersal between fragments, to reduce the probability of extinction of species 

sensitive to fragmentation and to stabilize predator-prey interactions. In conclusion, our study 

showed significant differences in the composition of the arthropod community associated 

with the canopy of Q. deserticola among fragment sizes. The sites more fragmented had 

higher levels of arthropod abundance and richness, thus a greater presence of arthropod 

guilds (phytophages, predators, parasitoids and parasites). Since many arthropod species are 

associated to Q. deserticola and the oak species, it is important to conserve Mexican oaks 

throughout the fragmented landscapes. Small fragments can be considered keystone 

resources for maintaining of arthropod community diversity in a fragmented landscape in 

Mexican temperate forests. Oak and pine trees are the dominant species in most of the 

temperate forests of Mexico and they provide fundamental ecosystem services. Deforestation 

rates are increasing in Mexican forests with potentially serious implications. This study 

suggests that it is important to conserve oak forests in Mexico as important reservoirs of 

arthropod fauna. 
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Table 1. a) Mean abundances of edge and interior trophic guilds between fragment sizes b) 

Mean species richness of edge and interior trophic guilds between fragment sizes. 

 

a)  Arthropod abundance 
  

 
 

Small fragments Medium-size fragments Large fragments 

Edge Detritivores  5 (± 2.08) 13 (± 5.52) 17 (± 12.05) 

 Parasites  0.5 (± 0.5) 0 0 

 Parasitoids 15.8 (± 5.39) 26.3 (± 8.05) 6 (± 1.91) 

 Phytophages 166.8 (± 39.88) 215.3 (± 60.38) 146.3 (± 31.94) 

 Predators 26.8 (± 5.36) 26 (± 6.82) 37.5 (± 13.94) 

Interior Detritivores  21.3 (± 6.47) 41 (± 14.64) 12.7 (± 4.64) 

 Parasites  0.4 (± 0.17) 1.4 (± 0.6) 0 

 Parasitoids  36.3 (± 3.62) 22.6 (± 2.15) 26.7 (± 3.90) 

 Phytophages  252.6 (± 28.18) 181.2 (± 33.99) 232.5 (± 41.18) 

 Predators 73.1 (± 7.79) 45.5 (± 7.37) 45.8 (± 6.76) 

b)  Arthropod species richness 
 

 
 

Small fragments Medium-size fragments Large fragments 

Edge Detritivores  3.5 (± 1.32) 4.3 (± 0.95) 3 (± 0.41) 

 Parasites  0.3 (± 0.25) 0 0 

 Parasitoids 13 (± 4.92) 21 (± 6.01) 5.8 (± 1.70) 

 Phytophages  33.5 (± 5.17) 38.8 (± 3.66) 32 (± 5.16) 

 Predators  14.5 (± 2.75) 14.5 (± 2.40) 15.8 (± 3.35) 

Interior Detritivores  6 (± 0.95) 5.9 (± 0.81) 4.3 (± 0.58) 

 Parasites  0.4 (± 0.16) 0.8 (± 0.25) 0 

 Parasitoids  25.6 (± 1.94) 17.1 (± 1.29) 19.5 (± 2.08) 

 Phytophages  58.9 (± 3.51) 48.6 (± 3.56) 47 (± 2.94) 

 Predators  30.1 (± 2.02) 21.2 (± 2.06) 23.1 (± 2.25) 
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Legend to figures 

Figure 1. Rarefaction curves of the arthropod families between different fragment sizes. 

Figure 2. Diversity patterns of canopy arthropods associated to Quercus deserticola in 

different fragment sizes. a) Differences in total arthropod abundance between fragment sizes. 

b) Differences in total arthropod morphospecies richness. c) Comparison in abundance of 

canopy arthropods among different fragment sizes and forest edges and forest interior. d) 

Species richness of arthropod between forest edges and forest interior. Different letters above 

bars indicate statistically significant differences (P < 0.05). 

Figure 3. Differences in abundance of arthropod orders associated to Q. deserticola canopy 

between different fragment sizes 

Figure 4. Diversity patterns of arthropod guild composition along fragmented landscape. a) 

Comparison among different fragment sizes in canopy arthropod guild abundance , and b) 

species richness of arthropod guilds. Different letters above bars indicate statistically 

significant differences (P < 0.05). 

Figure 5. Ordination plot of arthropod abundance along non-metric multidimensional scaling 

(NMDS) a) in fragments with different size and b) forest edges and forest interior 
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Figure 1 

  

0

20

40

60

80

100

120

140

0 1000 2000 3000 4000 5000

N
um

be
r 

of
 a

rt
hr

op
od

 fa
m

ili
es

Estimated number of arthropods

Small fragments Medium-size fragments Large Fragments



68 
 

Figure 2  
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Figure 3 
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Figure 4 

 

  

0

50

100

150

200

250

300

Small fragments Medium-size fragments Large fragments

A
rt

hr
op

od
 a

bu
nd

an
ce

Detritivores Parasites Parasitoids Phytophages Predators

0

10

20

30

40

50

60

Small fragments Medium-size fragments Large fragments

A
rt

hr
op

od
 s

pe
ci

es
 r

ic
hn

es
s

Detritivores Parasites Parasitoids Phytophages Predators

a

b

a
a

b

a dd
a

d

c

c
c

a

a a
a

b b

c
c c

c

c

c

d

d
d

a)

b)



71 
 

Figure 5 
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SUPPORTING INFORMATION 

Forest fragmentation increases canopy arthropod diversity in Quercus deserticola  

Silvia Ecaterina García-Jain1, Yurixhi Maldonado-López2, Ken Oyama3, Edmundo Carlos 

López- Barbosa4, Marcílio Fagundes5, Maurício Lopes de Faria5, Mário M. Espítito-Santo5 

and Pablo Cuevas-Reyes1* 

Table 1. Order, family and their abundance among different fragment sizes 

 

Order Family 

Small 

fragments 

Medium-size 

fragments 

Large 

fragments Abundance 

Acari Anystidae 12 9 5 26 

 Erythraeidae 29 38 59 126 

 Heterobelbidae 8 0 0 8 

 Neoliodidae 0 21 0 21 

 Nothridae 47 281 111 439 

 Phytoseiidae 9 3 11 23 

 Scheloribatidae 1 17 14 32 

Araneae Anyphaenidae 138 128 127 393 

 Araneidae 117 58 89 264 

 Gnaphosidae 2 1 1 4 

 Nesticidae 1 0 0 1 

 Oonopidae 1 0 0 1 

 Oxyopidae 15 1 0 16 

 Salticidae 55 99 77 231 

 Thomisidae 45 48 38 131 

Blattodea Blaberidae 0 2 0 2 

 Blattellidae 0 1 0 1 

Coleoptera Anobiidae 0 0 1 1 

 Anthicidae 1 1 0 2 

 Anthribidae 0 0 1 1 

 Buprestidae 2 2 0 4 

 Cantharidae 10 0 0 10 

 Carabidae 57 15 36 108 

 Cerambycidae 2 0 0 2 

 Chrysomelidae 441 172 293 906 

 Cleridae 7 1 8 16 

 Coccinellidae 79 25 15 119 
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 Corylophidae 0 1 0 1 

 Curculionidae 149 65 130 344 

 Erotylidae 5 3 2 10 

 Languriidae 1 2 0 3 

 Latridiidae 11 38 22 71 

 Meloidae 9 0 10 19 

 Melyridae 0 2 6 8 

 Mordellidae 2 3 2 7 

 Nitidulidae 3 1 0 4 

 Passalidae 1 0 0 1 

 Phalacridae 10 150 22 182 

 Salpingidae 8 4 9 21 

 Scirtidae 1 0 1 2 

 Silvanidae 0 1 1 2 

 Staphylinidae 33 6 9 48 

 Tenebrionidae 27 15 11 53 

 Trogossitidae 2 0 0 2 

Collembola Entomobryidae 18 0 12 30 

 Hypogastruridae 6 0 0 6 

 Isotomidae 13 47 13 73 

Dermaptera Forficulidae 60 26 24 110 

Diptera Agromyzidae 3 0 0 3 

 Asilidae 0 1 0 1 

 Cecidomyiidae 8 14 1 23 

 Ceratopogonidae 6 14 0 20 

 Chamaemyiidae 39 18 17 74 

 Chironomidae 1 12 5 18 

 Chloropidae 34 31 51 116 

 Curtonotidae 1 9 0 10 

 Dolichopodidae 9 22 2 33 

 Drosophilidae 3 3 0 6 

 Empididae 0 0 2 2 

 Fanniidae 4 4 0 8 

 Heleomyzidae 0 1 0 1 

 Muscidae 78 5 2 85 

 Phoridae 5 6 0 11 

 Psychodidae 3 0 0 3 

 Scatopsidae 3 0 1 4 

 Sciaridae 67 10 27 104 

 Stratiomyidae 1 0 0 1 

 Syrphidae 0 1 1 2 

 Tachinidae 4 0 0 4 

 Therevidae 0 1 0 1 
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 Tipulidae 1 0 0 1 

 Ulidiidae 4 3 2 9 

Hemiptera Achilidae 0 0 2 2 

 Anthocoridae 29 15 16 60 

 Aphididae 136 102 155 393 

 Aradidae 1 1 2 4 

 Cicadellidae 326 472 713 1511 

 Coreidae 2 1 2 5 

 Delphacidae 13 6 10 29 

 Fulgoridae 26 21 21 68 

 Issidae 1 1 2 4 

 Largidae 2 0 7 9 

 Lygaeidae 72 16 102 190 

 Membracidae 33 38 18 89 

 Mesoveliidae 0 3 16 19 

 Microphysidae 4 0 0 4 

 Miridae 633 290 223 1146 

 Pachygronthidae 0 6 0 6 

 Pentatomidae 14 7 15 36 

 Phylloxeridae 70 73 31 174 

 Psyllidae 9 26 12 47 

 Pyrrhocoridae 1 1 1 3 

 Reduviidae 7 11 6 24 

 Rhopalidae 3 1 1 5 

 Rhyparochromidae 0 2 6 8 

 Scutelleridae 15 22 20 57 

 Tingidae 25 65 158 248 

Hymenoptera Aphelinidae 10 10 24 44 

 Bethylidae 25 29 23 77 

 Braconidae 48 24 29 101 

 Ceraphronidae 15 4 0 19 

 Chalcididae 0 2 1 3 

 Cynipidae 6 2 4 12 

 Diapriidae 1 1 1 3 

 Dryinidae 3 1 0 4 

 Encyrtidae 39 52 42 133 

 Eulophidae 135 114 78 327 

 Eupelmidae 19 14 11 44 

 Eurytomidae 4 3 6 13 

 Figitidae 2 3 1 6 

 Formicidae 277 662 233 1172 

 Ichneumonidae 25 9 11 45 

 Megaspilidae 0 1 1 2 
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 Mymaridae 3 1 3 7 

 Ormyridae 12 6 11 29 

 Perilampidae 3 0 2 5 

 Platygastridae 49 19 16 84 

 Pteromalidae 9 23 7 39 

 Scelionidae 16 11 19 46 

 Tetracampidae 0 0 2 2 

 Torymidae 3 4 3 10 

 Vespidae 1 0 0 1 

Lepidoptera Arctiidae 11 6 13 30 

 Crambidae 1 0 0 1 

 Gelechiidae 53 40 31 124 

 Geometridae 101 41 64 206 

 Gracilariidae 3 2 2 7 

 Heliodinidae 3 0 1 4 

 Hepialidae 0 7 11 18 

 Noctuidae 3 9 5 17 

 Nymphalidae 0 0 1 1 

 Pterophoridae 8 2 9 19 

 Pyralidae 21 11 7 39 

 Saturniidae 4 0 1 5 

 Tineidae 8 5 2 15 

 Tortricidae 0 4 8 12 

Mantodea Mantidae 2 1 1 4 

Neuroptera Chrysopidae 17 5 14 36 

 Coniopterygidae 2 17 4 23 

 Hemerobiidae 96 18 24 138 

 Mantispidae 1 0 1 2 

Orthoptera Gryllidae 35 7 9 51 

 Romaleidae 4 0 1 5 

 Tettigoniidae 0 0 1 1 

Pseudoscorpionida Pseudogarypidae 8 1 3 12 

Psocoptera Ectopsocidae 33 23 14 70 

 Lachesillidae 8 5 6 19 

 Liposcelididae 0 2 2 4 

 Peripsocidae 13 5 6 24 

 Philotarsidae 4 1 0 5 

 Psocidae 234 54 111 399 

Thysanoptera Aeolothripidae 6 0 1 7 

 Merothripidae 1 0 0 1 

 Phlaeothripidae 131 97 284 512 

 Thripidae 46 59 29 134 
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Table 2. Trophic guild designated by order and family of the arthropod community 

Trophic guild Order Family 

Detritivores Acari Heterobelbidae, Neoliodidae, Nothridae, Scheloribatidae 

 Blattodea Blattellidae 

 Coleoptera Latridiidae, Nitidulidae, Tenebrionidae 

 Collembola Entomobryidae, Hypogastruridae, Isotomidae 

 

Diptera Chironomidae, Curtonotidae, Fanniidae, Muscidae, Phoridae, 

Psychodidae, Scatopsidae, Ulidiidae 

 Psocoptera Liposcelididae 

Parasites Diptera Ceratopogonidae 

Parasitoids Diptera Tachinidae 

 

Hymenoptera Aphelinidae, Bethylidae, Braconidae, Ceraphronidae, 

Chalcididae, Diapriidae, Dryinidae, Encyrtidae, Eulophidae, 

Eupelmidae, Eurytomidae, Figitidae, Ichneumonidae, 

Megaspilidae, Mymaridae, Ormyridae, Perilampidae, 

Platygastridae, Pteromalidae, Scelionidae, Tetracampidae, 

Torymidae, Vespidae 

Phytophages Blattodea Blaberidae 

 

Coleoptera Anobiidae, Anthribidae, Buprestidae, Cantharidae, 

Cerambycidae, Chrysomelidae, Corylophidae, Curculionidae, 

Erotylidae, Languriidae, Mordellidae, Passalidae, Phalacridae, 

Scirtidae, Silvanidae, Trogossitidae 

 Dermaptera Forficulidae 

 

Diptera Agromyzidae, Cecidomyiidae, Chloropidae, Drosophilidae, 

Heleomyzidae, Sciaridae, Stratiomyidae, Tipulidae 

 

Hemiptera Achilidae, Aphididae, Aradidae, Cicadellidae, Coreidae, 

Delphacidae, Fulgoridae, Issidae, Largidae, Lygaeidae, 

Membracidae, Miridae, Pentatomidae, Phylloxeridae, Psyllidae, 

Pyrrhocoridae, Rhopalidae, Rhyparochromidae, Scutelleridae, 

Tingidae 

 Hymenoptera Cynipidae 

 

Lepidoptera 
Arctiidae, Crambidae, Gelechiidae, Geometridae, Gracilariidae, 

Heliodinidae, Hepialidae, Noctuidae, Nymphalidae, 

Pterophoridae, Pyralidae, Saturniidae, Tineidae, Tortricidae 

 Orthoptera Gryllidae, Romaleidae, Tettigoniidae 

 

Psocoptera Ectopsocidae, Lachesillidae, Peripsocidae, Philotarsidae, 

Psocidae 

 Thysanoptera Merothripidae, Phlaeothripidae, Thripidae 

Predators Acari Anystidae, Erythraeidae, Phytoseiidae 

 

Araneae Anyphaenidae, Araneidae, Gnaphosidae, Nesticidae, 

Oonopidae, Oxyopidae, Salticidae, Thomisidae 

 

Coleoptera Anthicidae, Carabidae, Cleridae, Coccinellidae, Meloidae, 

Melyridae, Salpingidae, Staphylinidae 

 

Diptera Asilidae, Chamaemyiidae, Dolichopodidae, Empididae, 

Syrphidae, Therevidae 
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Hemiptera Anthocoridae, Mesoveliidae, Microphysidae, Pachygronthidae, 

Reduviidae 

 Mantodea Mantidae 

 Neuroptera Chrysopidae, Coniopterygidae, Hemerobiidae, Mantispidae 

 Pseudoscorpionida Pseudogarypidae 

 Thysanoptera Aeolothripidae 
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DISCUSIÓN GENERAL 

Los resultados de esta tesis mostraron que la fragmentación de bosque provoca cambios en 

los rasgos de Q. deserticola siendo las hojas más grandes y alargadas, aumentando la cantidad 

de recursos, calidad de la planta, herbivoría y AF en individuos de Q. deserticola que crecen 

en los fragmentos pequeños. Las plantas en los fragmentos pequeños y en los bordes están 

sujetas a mayores niveles de estrés debido a los cambios abruptos en las condiciones abióticas 

(Murcia 1995). Nuestros resultados indicaron que las hojas de Q. deserticola fueron más 

grandes y alargadas en los fragmentos pequeños y los bordes. Este resultado puede ser 

explicado por la hipótesis de la “concentración de recursos” (Coley et al. 1985), que predice 

que las plantas crecen más rápido y producen hojas más grandes en sitios con mayor 

disponibilidad de recursos (incidencia de luz y N). Por lo tanto, el aumento de la intensidad 

de luz en fragmentos pequeños y borde se puede asociar con altas tasas de fotosíntesis, 

crecimiento más rápido y hojas más grandes (Lohbeck et al. 2015). 

Otro resultado importante es que los niveles de herbivoría fueron más altos en 

individuos de Q. deserticola de fragmentos pequeños y de los bordes, donde la cantidad de 

recursos y la calidad de la planta fue mayor (i.e., contenido de clorofila, DAP, cobertura del 

dosel). Este resultado puede ser explicado debido a que las condiciones abióticas en los 

fragmentos pequeños y bordes cambian más abruptamente aumentando la calidad de la planta 

que a su vez aumenta los niveles de herbivoría (Silva y Simonetti 2009). De acuerdo con la 

hipótesis “vigor de la planta” (Price 1991) que propone que los herbívoros se alimentan 

preferentemente de plantas grandes y vigorosas. Por lo tanto, las plantas en los fragmentos 

pequeños y bordes son más vigorosas, representando recursos de mayor contenido nutricional 

y baja concentración de defensas químicas. 
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Los resultados demostraron que los niveles de AF y herbivoría fueron mayores en 

los fragmentos pequeños y los bordes, así como una relación positiva entre la AF y la 

herbivoría. Se pueden explicar de dos maneras estos resultados: 1) La herbivoría causa 

directamente estrés en la planta hospedera, resultando en niveles más altos de AF (Gómez et 

al. 2003; Santos et al. 2013; Maldonado-López et al. 2019). Se ha demostrado que el daño 

por herbivoría puede provocar alteraciones en la inestabilidad del desarrollo, es decir, la 

capacidad de un genotipo para desarrollar el mismo fenotipo independientemente de las 

condiciones ambientales, las hojas dañadas por insectos muestran pequeñas desviaciones de 

la simetría perfecta, lo que indica altos niveles de estrés expresado en niveles más altos de 

asimetría fluctuante en comparación con las hojas sin daño (Alves-Silva y Del-Claro 2016). 

2) Plantas con mayor AF podrían ser más susceptible a la herbivoría como resultados de 

diferencias químicas o nutricionales entre hojas simétricas y hojas asimétricas (Lempa et al. 

2000; Ribeiro et al. 2013). 

En nuestro estudio encontramos que tanto la abundancia y riqueza de artrópodos 

del dosel asociados a Q. deserticola, se incrementó en los fragmentos pequeños y en los 

interiores de los fragmentos. Estos resultados se explican debido a que los fragmentos 

pequeños pueden funcionar como refugios, representando recursos clave, un efecto positivo 

para la biodiversidad (Økland et al. 2006, Maldonado-López et al. 2015; Fahrig et al. 2019). 

La biodiversidad aumenta particularmente cuando se consideran organismos como plantas y 

artrópodos que requieren áreas pequeñas y son sensibles al microhábitat (Tscharntke et al. 

2002; Markgraf et al 2020). Además, las condiciones abióticas en los fragmentos pequeños 

cambian más abruptamente que en los fragmentos grandes, aumentando la calidad de la 

planta (es decir, la cobertura del dosel, el contenido de clorofila y el tamaño de la planta), lo 

que a su vez aumenta los niveles de herbivoría (Maldonado-López et al 2016; García-Jain et 
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al 2021). Por tanto, proponemos que la abundancia de artrópodos y la riqueza de especies 

aumentaron con la fragmentación del hábitat, debido a la heterogeneidad del hábitat y al 

aumento de la calidad de la planta, representando recursos de mayor contenido nutricional y 

baja concentración de defensas químicas para los artrópodos. Además, el interior de los 

fragmentos pequeños presento la mayor abundancia y riqueza de artrópodos, así como la 

mayor abundancia y riqueza de los fitófagos, depredadores y parasitoides respecto a los 

fragmentos medianos y grandes. Sugerimos que es debido a que el interior no presenta 

cambios abruptos en las condiciones ambientales, por lo tanto, las interacciones bióticas no 

son afectadas y aún están en equilibrio en los interiores. Estas diferencias en las condiciones 

cerca del borde de los fragmentos a menudo reducen la supervivencia de especies típicas del 

interior del bosque. 

Además, la composición de la comunidad de artrópodos entre los distintos tamaños 

de fragmentos mostró que los fragmentos pequeños tenían una composición 

significativamente diferente de la comunidad de artrópodos en comparación con los 

fragmentos de tamaño mediano y grande. Los órdenes con mayor abundancia en los 

fragmentos pequeños fueron Coleoptera, Diptera, Lepidoptera y Psocoptera en comparación 

a la composición de la comunidad de artrópodos de los fragmentos medianos y grandes. Los 

estudios han encontrado diferencias en la composición de la comunidad de artrópodos entre 

diferentes tamaños de fragmentos (Gibb y Houchuli 2002; Bolger et al. 2008). Por ejemplo, 

Gibb y Hochuli (2002) encontraron que los fragmentos de hábitat grandes y pequeños 

contenían diferente composición de los órdenes Hymenoptera y Araneae , lo que indica que 

los depredadores y parasitoides se ven afectados con más fuerza que otros gremios tróficos. 

Por lo tanto, nuestros resultados de mayor abundancia y riqueza de especies de artrópodos en 

pequeños fragmentos se explican por el “crowding effect” que es un efecto relativamente 
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positivo de la fragmentación sobre la densidad de población de insectos (Debinski y Holt 

2000; Maldonado-López et al. 2015). Después de la fragmentación, las poblaciones de 

insectos pueden dispersarse a fragmentos adyacentes, lo que resulta en un aumento local de 

la densidad de población (Debinski y Holt 2000; Grez et al.2004). 

La abundancia de los gremios tróficos es distinta en respuesta a la fragmentación 

del hábitat (Soliveres et al. 2016; Newbold et al. 2019). Por ejemplo, Moreno et al (2014) 

encontraron una menor descomposición de la hojarasca en pequeños fragmentos, respaldada 

por reducciones en la diversidad de los detritívoros en pequeños fragmentos (Rantalainen et 

al. 2005). Encontramos que los detritívoros disminuyeron con la fragmentación, debido a que 

en hábitats fragmentados los humanos tienden a reducir la materia en descomposición. Para 

el caso de los fitófagos, encontramos que es el gremio trófico más abundante en todos los 

tamaños de fragmentos. Además, encontramos que los parasitoides y depredadores son más 

abundantes en pequeños fragmentos. Específicamente, las comunidades de artrópodos 

asociadas con el dosel de los encinos responden a la depredación de enemigos naturales como 

parásitos o parasitoides (Tovar-Sánchez et al. 2013; Maldonado-López et al. 2018; Vaca-

Sánchez et al. 2021). Por lo tanto, explicamos nuestros resultados con base a que los gremios 

como fitófagos, depredadores, detritívoros y parasitoides se presentan con mayor abundancia 

y riqueza de especies en el dosel de los encinos (Tovar-Sánchez et al.2013; Maldonado-

López et al.2018; Vaca-Sánchez et al. 2021). De esta forma, la gran diversidad de 

depredadores y parasitoides encontrados en nuestro estudio podría explicarse por la gran 

abundancia de fitófagos. Es decir, existe una relación denso-dependiente entre los insectos 

fitófagos y sus enemigos naturales. 

Podemos concluir que la fragmentación del bosque afecta la morfología de las hojas, 

cantidad de recursos, la calidad de la planta, los niveles de AF y herbivoría. Encontramos 
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que la morfología de las hojas, cantidad de recursos y la calidad de la planta, los niveles de 

AF y herbivoría se incrementan en los fragmentos pequeños y los bordes de los fragmentos. 

Las medidas del manejo forestal orientadas a la conservación deben considerar fragmentos 

de bosque pequeños para la conservación de especies de encinos para garantizar la 

persistencia a largo plazo de los bosques de encinos ya que son hábitats de los cuales 

dependen muchas especies. Dado que muchas especies de artrópodos están asociadas a Q. 

deserticola y a especies de encinos, es importante conservar los encinos mexicanos a lo largo 

de los paisajes fragmentados. Los pequeños fragmentos pueden considerarse recursos clave 

para el mantenimiento de la diversidad de la comunidad de artrópodos en un paisaje 

fragmentado en los bosques templados mexicanos. Nuestro estudio sugiere que es importante 

conservar los bosques de encino en México como importantes reservorios de fauna de 

artrópodos. Considerando que los hábitats fragmentados son cada vez más comunes en el 

mundo y los efectos que tienen sobre la biodiversidad, la evidencia de nuestro estudio sobre 

la gran cantidad de especies de artrópodos encontrados en los fragmentos pequeños podría 

ser útil para apoyar y dirigir esfuerzos de conservación en los hábitats más fragmentados, 

para mantener y conservar los servicios ecosistémicos que brindan los bosques. 
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APPENDIX. Order and family of the arthropod community associated with the canopy of 

Quercus deserticola 

Acari (Ácaros) 

 

 

 

 

 

 

1. Anystidae  2. Nothridae  3. Neoliodidae  4. Erythraeidae 

 

Araneae (Arañas) 
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1-4. Anyphaenidae  5-12. Araneidae  13. Gnaphosidae  14. Nesticidae  15. Oxyopidae  16-

19. Salticidae  20-22. Thomisidae 

  

Blattodea (Cucarachas) 

 

 

 

 

 

 

 

1. Blattellidae 

 

Coleoptera (Escarabajos) 
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1. Anobiidae  2. Anthicidae  3. Buprestidae  4. Cantharidae  5-8. Carabidae  9. 

Cerambycidae  10-19. Chrysomelidae  20-22. Cleridae  23-28. Coccinellidae  29-36. 

Curculionidae  37. Erotylidae  38. Languriidae  39. Latridiidae  40. Meloidae  41-42. 

Mordellidae  43. Nitidulidae  44. Passalidae  45-46. Phalacridae  47-48. Salpingidae  49. 

Scirtidae  50. Silvanidae  51-53. Staphylinidae  54. Tenebrionidae  55. Trogossitidae 

 

Collembola (Colémbolos) 

 

 

 

 

 

 

  

 

1. Entomobryidae  2. Hypogastruridae  3-4. Isotomidae 

 

Dermaptera (Tijerillas) 
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1-2. Forficulidae 

 

Diptera (Moscas y Mosquitos) 
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1. Agromyzidae  2. Asilidae  3. Cecidomyiidae  4. Ceratopogonidae  5-6. Chamaemyiidae  

7. Chironomidae  8-9. Chloropidae  10-11. Dolichopodidae  12. Drosophilidae  13. 

Empididae  14. Fanniidae  15. Muscidae  16. Sciaridae  17. Syrphidae  18. Therevidae  19. 

Ulidiidae 
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Hemiptera (Chinches, Chicharras, Pulgones entre otros) 
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1. Achilidae  2-3. Anthocoridae  4. Aphididae  5. Aradidae  6-9. Cicadellidae  10-11. 

Coreidae  12-13. Delphacidae  14-15. Issidae  16-17. Lygaeidae  18-21. Membracidae  22. 

Mesoveliidae  23. Microphysidae  24-25. Miridae  26. Pachygronthidae  27-29. 

Pentatomidae  30-31. Psyllidae  32. Pyrrhocoridae  33. Rhopalidae  34-35. Scutelleridae  

36-37. Tingidae 

 

Hymenoptera (Abejas, Avispas y Hormigas) 
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1-2. Bethylidae  3-6. Braconidae  7-8. Ceraphronidae  9. Chalcididae  10-12. Cynipidae  13. 

Diapriidae  14-18. Encyrtidae  19-24. Eulophidae  25-28. Eupelmidae  29-30. Eurytomidae  

31-32. Figitidae  33-35. Formicidae  36-42. Ichneumonidae  43-44. Megaspilidae  45. 

Mymaridae  46-47. Ormyridae  48-50. Platygastridae  51-53. Pteromalidae  54-56. 

Scelionidae  57-59. Torymidae 
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Lepidoptera (Mariposas y Polillas) 
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1-2. Arctiidae  3. Crambidae  4. Gelechiidae  5. Geometridae  6. Gracilariidae  7. 

Hepialidae  8. Noctuidae  9. Pterophoridae  10. Pyralidae  11-12. Saturniidae  13. Tineidae  

14. Tortricidae 

 

Mantodea (Mantis) 
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Neuroptera (Crisopas y Hormigas León entre otros) 

 

 

 

 

 

 

 

 

 

 

 

 

1-2. Chrysopidae  3. Coniopterygidae  4-5. Hemerobiidae  6. Mantispidae 

 

Orthoptera (Saltamontes, Grillos y Chapulines) 

  

 

 

 

1. Gryllidae  2. Romaleidae  3. Tettigoniidae 
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Pseudoscorpionida (Pseudoscorpionides) 

 

 

 

 

1-2. Pseudogarypidae 

 

Psocoptera (Psócidos o Piojos de los libros) 
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1. Ectopsocidae  2. Lachesillidae  3. Liposcelididae  4. Peripsocidae  5. Philotarsidae  6-8. 

Psocidae 

 

Thysanoptera (Trips) 

 

 

 

 

 

 

 

 

 

 

 

 

1-2. Aeolothripidae  3-5. Phlaeothripidae  6. Thripidae 

7 8 

1 2 3 4 

5 6 


