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RESUMEN 

 

En los bosques secos del nuevo mundo, los colibríes actúan como importantes polinizadores de 

una amplia variedad de plantas con flor, y en algunas áreas, actúan como polinizadores efectivos 

y casi exclusivos de algunas especies. Actualmente, grandes extensiones de este hábitat se han 

convertido en tierras de cultivo y los remanentes que existen poseen distintos niveles de 

perturbación antrópica. Aunque los colibríes parecen ser resistentes a las perturbaciones del 

hábitat, poco se sabe sobre el efecto de la perturbación y la conversión de los bosques en áreas 

agrícolas sobre su diversidad y en las interacciones mutualistas en las que participan con sus 

plantas asociadas. Por ello, en este trabajo estudiamos la diversidad de colibríes en sitios con 

distintos niveles de perturbación antrópica en un bosque tropical seco de Guatemala. Además, 

realizamos un análisis de redes de interacciones planta-polinizador para discutir la influencia de la 

conversión de hábitat sobre la estructura y dinámica de un ensamble de colibríes-plantas en esta 

misma área. La recolección de datos sobre diversidad de colibríes y sus visitas a las plantas nativas 

del sitio de estudio se llevó a cabo en transectos ubicados en remanentes de bosque tropical seco 

y áreas agrícolas. Las visitas a cada sitio se realizaron dos veces durante la estación seca y dos 

veces durante la temporada de lluvias. Con estos datos, primero evaluamos cómo la estacionalidad 

y la perturbación del hábitat influyen en la diversidad de colibríes en el área de estudio. También 

determinamos cómo el tipo de hábitat (bosque seco tropical o agrícola) y la estacionalidad influyen 

sobre el número de interacciones colibrí-plantas que pueden registrarse en el sitio de estudio. 

Además, comparamos distintos aspectos de la red de bosque seco tropical con la red de áreas 

agrícolas que tienen implicaciones para la conservación de las interacciones planta-polinizador.  

 

Encontramos que la estacionalidad influyó marcadamente sobre la riqueza y el número de colibríes 

que pueden registrarse en el área de estudio. Esto era de esperarse debido a los profundos cambios 

en la disponibilidad de alimento en estos bosques a lo largo del año. Encontramos que los colibríes 

son capaces de persistir en áreas con distintos tipos de perturbación antrópica; por lo que la 

diversidad del grupo no fue significativamente distinta en respuesta a distintos niveles de 

perturbación del hábitat. Esto último debido muy probablemente a la naturaleza generalista y alta 

movilidad de los colibríes en el área de estudio que les permite emplear recursos a través del 

paisaje. Por otro lado, la estacionalidad (pero no la conversión del hábitat) influyó en el número 



 

 

de interacciones entre colibríes y plantas registradas. Esto probablemente está relacionado con la 

naturaleza generalista del conjunto de colibríes y plantas del sitio de estudio, que les permite 

persistir y formar nuevas interacciones en las áreas perturbadas y agrícolas. A pesar de que los 

colibríes muestran resiliencia a la conversión del hábitat, nuestros resultados indicaron que la 

conversión de hábitat a sitios agrícolas causó una reducción de la diversidad de interacciones y 

una red más generalista en hábitats agrícolas, lo que tiene implicaciones para la conservación de 

las interacciones mutualistas en hábitats transformados. Nuestros datos también señalaron la 

importancia de los remanentes de hábitat natural y seminatural de bosque seco tropical en el 

suministro de recursos esenciales para los polinizadores dentro de paisajes agrícolas. 

 

ABSTRACT 

 

At the new world tropical dry forests, hummingbirds act as important pollinators. Currently, large 

extensions of this habitat have been converted to farmlands, and the few remaining forests exist 

almost entirely as small, disturbed, and isolated fragments. Although hummingbirds seem to be 

resilient to habitat disturbance, little is known about the effect of disturbance and forest conversion 

to agriculture on their diversity and mutualistic interaction with native plants. Thus, in this survey, 

we firstly address the impact of small-scale anthropogenic disturbance on local richness and 

abundance of hummingbirds in a dry forest of Guatemala. We also, use ecological network 

analyses to discuss the influence of habitat conversion on the structure and dynamics of a plant-

hummingbird assemblage at the same site. Data collection on hummingbird diversity and visits to 

native plants was carried out in transects located within patches of tropical dry forest and within 

agricultural sites. Visits to each site were done twice during the dry season and twice during the 

rainy season. With these data, we firstly evaluated how seasonality and human-induced 

disturbance influenced hummingbird diversity. Secondly, we evaluated if seasonality and habitat 

type (tropical dry forest and agriculture) influence the total number of hummingbird-plant 

interactions registered using a generalized linear model. Then, we compared distinct aspects of the 

tropical dry forest and agricultural networks that have implications for plant-pollinator interactions 

conservation. We found differences in overall number of hummingbird registered between the dry 

and the wet seasons; we registered higher number of hummingbirds at the end of the wet season 



 

 

and beginning of the dry season, when the availability of flowers was higher. These data suggest 

that seasonal resource variation could be an important factor influencing the variation in the 

number of hummingbird present at our study area. Our results also showed resilience of 

hummingbirds to different levels of disturbance probably related to the generalist behavior of the 

dominant resident species and the availability of food resources for hummingbirds at different 

levels of disturbance. Seasonality (but not habitat conversion) influence the number of 

hummingbird-plant interaction registered. The lack of difference in the number of mutualistic 

interactions in relation to habitat conversion is probably related with the generalist nature of the 

hummingbird-plant assemblage of the study site allows them to form new interaction in converted 

areas. Our results indicated that habitat conversion caused a reduction of interactions diversity and 

a more generalist network with implications for the conservation of mutualist interactions.  

 



 

 

INTRODUCCIÓN 
 

La polinización por animales es una de las interacciones bióticas más importantes para el 

mantenimiento de la biodiversidad global y el funcionamiento de los ecosistemas (Bascompte y 

Jordano, 2007; Ollerton et al., 2011) y necesaria para el bienestar de la población humana (Potts 

et al., 2016). En los bosques tropicales secos del nuevo mundo, los colibríes son las aves 

polinizadoras más especializadas, que contribuyen a la polinización de una amplia variedad de 

plantas con flores (Arizmendi & Ornelas, 1990; Ortiz-Pulido et al., 2012), y en algunas áreas, 

actúan como polinizadores efectivos y casi exclusivos de algunas especies (Machado & López, 

2004). En la actualidad, los bosques secos tropicales, especialmente los de Centro América, han 

experimentado altas tasas de deforestación debido principalmente a su conversión en áreas 

agrícolas y ganaderas (Chazdon et al., 2011; Maass, 1995; Tucker et al., 2005). Bajo este extenso 

uso del suelo, la vegetación natural ha sido reducida a fragmentos pequeños y degradados, 

inmersos en una matriz agrícola, con menos del 2% en un estado más o menos intacto (Janzen, 

1988). Aunque muchas especies de colibríes parecen ser resilientes a la transformación y 

perturbación del hábitat (Maruyama et al., 2019; Mcgregor-Fors & Schondube, 2011; Sonne et al., 

2016), poco se sabe sobre el efecto de la conversión de bosques secos tropicales en áreas 

agricultura en la diversidad de colibríes y en sus interacciones de polinización con especies de 

plantas nativas. Por lo tanto, una mejor comprensión de la composición y variación de los 

ensambles de colibríes en ecosistemas tropicales secos transformados puede ser útil para el 

desarrollo de estrategias de conservación tanto de la diversidad de colibríes como de las 

interacciones planta-polinizador en las que participan.  

 

Aunque el efecto de la conversión de hábitats naturales en áreas agrícolas sobre la diversidad de 

colibríes y sobre las interacciones mutualistas en las que participan ha sido poco explorado (pero 

ver Maruyama et al., 2019) algunas características distintivas del grupo pueden dar indicaciones 

sobre la posible respuesta de los colibríes y de las interacciones en las que participan en este tipo 

de ambiente perturbados. Por ejemplo, la mayoría de las especies de colibríes son muy móviles y 

generalistas de hábitat (Araujo & Sazima, 2003; Arizmendi & Ornelas, 1990; Feinsinger, 1976; 

Hadley & Betts, 2009; Ortiz-Pulido et al., 2012), lo que les permite utilizar diferentes recursos a 

lo largo del paisaje, dándoles la oportunidad de persistir en ambientes agrícolas e incluso formar 



 

 

nuevas interacciones con plantas cultivadas. Además, dada la habitual pérdida de riqueza de 

especies, la homogeneización biológica y el predominio del colibríes y plantas generalistas en 

hábitats modificados por el hombre (Lindell et al., 2004; Maruyama et al., 2019; Mcgregor-Fors 

& Schondube, 2011; Mukherjee, et al. 2018), también podríamos esperar un cambio a un conjunto 

más generalista de interacciones colibrí-planta (Maruyama et al., 2019). También se podría esperar 

que dada la asociación entre la diversidad de colibríes y la disponibilidad de recursos florales 

(Montgomerie & Gass, 1981), los cambios en la riqueza de plantas y la abundancia de flores en 

hábitats transformados también podría afectar la diversidad de colibríes y el número, tipo y arreglo 

de la interacción colibrí-planta en estos ambientes. Es más probable que esto ocurra en hábitats 

altamente estacionales, como los bosques tropicales secos, donde la disponibilidad de flores está 

relacionada con regímenes cíclicos marcados de precipitación (Abrahamczyk & Kessler, 2015).  

 

Además de realizar estudios básicos de diversidad, un enfoque útil para estudiar las interacciones 

entre los organismos y cómo cambian en relación con la conversión del hábitat es emplear el 

análisis de redes de interacción ecológica (Harvey et al., 2017; Kaiser-Bunbury & Blüthgen, 2015). 

El análisis de redes permite una mejor comprensión de la estructura y la dinámica de un conjunto 

de polinizadores y sus plantas asociadas que interactúan a nivel de comunidad (Harvey et al., 

2017). Recientemente, se han recomendado algunas métricas de redes cuantitativas que estudian 

los atributos de diversidad y distribución, como la diversidad de interacciones, la diversidad de 

compañeros de red y el grado de especialización de la red (H'2), para describir los cambios en los 

patrones de redes ecológicas que tienen implicaciones para la conservación (Kaiser-Bunbury & 

Blüthgen, 2015). En consecuencia, en esta tesis empleamos no solo un análisis convencional de la 

diversidad de colibríes en respuesta a diversos niveles de perturbación de un bosque seco tropical 

si no también las métricas de redes como una guía para analizar la comunidad de colibríes y sus 

plantas asociadas en hábitats naturales y transformados en un bosque tropical seco de Guatemala. 

 

La presente tesis incluye el estudio de la diversidad de colibríes en áreas de bosque tropical seco 

con distinto nivel de perturbación antrópica y el análisis de la respuesta de dicha diversidad en 

relación a la estacionalidad. Incluye también un análisis de la influencia de la estacionalidad y el 

tipo de hábitat (bosque seco tropical o agrícola) sobre el número total de interacciones de colibríes-

planta que se pueden registrar en el sitio del estudio. De la misma manera, se comparó la estructura 



 

 

y el funcionamiento de las redes de interacciones colibríe-planta en sitios de bosque seco tropical 

y áreas agrícolas, con el fin de analizar el efecto de la transformación de los bosques secos 

tropicales en áreas agrícolas sobre distintos atributos de estas redes de interacción planta-

polinizador. La información obtenida a través de esta tesis será útil para identificar la respuesta a 

nivel de comunidad de los colibríes de bosque seco a la perturbación antrópica y uso del suelo que 

puede sumarse a la información necesaria para lograr establecer planes de conservación de 

colibríes y de plantas nativas de bosques secos tropicales principalmente porque que se analiza la 

influencia de la conversión del hábitat sobre dicha diversidad y se identifica el papel tanto de las 

especies de colibríes como de las plantas en el mantenimiento de las interacciones mutualistas de 

polinización en paisajes agrícolas.  
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ABSTRACT 
 

In the present study, we evaluated how seasonality and habitat conversion affect the total number 

of recorded hummingbird-plant interactions in a tropical dry forest of Central America. We used 

network analysis to assess the effects of habitat conversion on the structure and dynamics of the 

plant-hummingbird assemblages at our study sites. Data on hummingbird visitation to native 

flowering plants were collected along four transects located in patches of tropical dry forest and 

four transects in agricultural areas. Each transect was visited twice during the dry season and twice 

during the rainy season. Our data suggest that, at a local scale, seasonality is a stronger predictor 

than habitat type of the recorded number of hummingbird-plant interactions at our study sites. The 

lack of differences in the number of interactions with respect to habitat type is probably related to 

the generalist nature of our studied hummingbird-plant assemblages, allowing plants and 

hummingbirds to persist and form new interactions in the transformed environment. Our data also 

suggest that, although hummingbird-plant assemblages can persist in agricultural environments, 

habitat conversion to agriculture can cause changes in network patterns such as lower interaction 

diversity, lower partner diversity, and a higher level of generalization, which have negative 

mailto:coro@unam.mx


 

 

implications for the conservation of mutualist pollination interactions. Therefore, our data 

highlight the importance of natural and semi-natural tropical dry forest remnants within 

agricultural landscapes for the conservation of pollinators and pollination services necessary for 

the reproduction of native plants.  

 

Keywords: mutualistic networks, seasonality, network specialization, habitat conversion, 

hummingbird conservation. 

 
INTRODUCTION 
 

Pollination by animals is one of the most important biotic interactions because it is essential for 

the maintenance of global biodiversity and ecosystem functioning (Bascompte and Jordano 2007; 

Ollerton et al. 2011) and the welfare of the human population (Potts et al. 2016). In New World 

tropical dry forests, hummingbirds are the most specialized bird pollinators, contributing to the 

pollination of a wide variety of flowering plants (Arizmendi and Ornelas 1990; Ortiz-Pulido et al. 

2012). In some areas, hummingbirds act as effective and nearly exclusive pollinators of some plant 

species (Machado and Lopez 2004). Presently, tropical dry forest, especially in Central America, 

has experienced high rates of deforestation primarily due to conversion to agriculture (Maass 1995; 

Tucker et al. 2005; Chazdon et al. 2011). Natural dry forest has been reduced to small or degraded 

fragments immersed in an agricultural matrix, and less than 2% of the original forest remains in a 

more or less intact state (Janzen 1988). Many hummingbird species seem to be resilient to habitat 

transformation (Mcgregor-Fors and Schondube 2011; Sonne et al. 2016; Bustamante-Castillo et 

al. 2018; Maruyama et al. 2019), yet little is known about the effects of the conversion of tropical 

dry forest to agriculture on the pollination interactions between hummingbirds and native plants. 

A better understanding of hummingbird-plant communities in transformed tropical dry forest 

ecosystems can be useful for the development of conservation strategies to maintain hummingbird 

diversity and plant-pollinator interactions.  

 

As mentioned, the effects of the conversion of natural habitats to agriculture on hummingbirds and 

their mutualistic interactions has been little explored (see Bustamante-Castillo et al. 2018 and 

Maruyama et al. 2019), but some distinctive characteristics of hummingbirds may indicate the 

possible outcomes of land use change for hummingbird populations. For instance, most 



 

 

hummingbird species are highly mobile habitat generalists (Feinsinger 1976; Arizmendi and 

Ornelas 1990; Araujo and Sazima 2003; Hadley and Betts 2009; Ortiz-Pulido et al. 2012), so many 

hummingbirds are able to use different resources throughout the landscape and form new 

interactions in agricultural areas. Following the usual loss of species richness and the biological 

homogenization and dominance of generalist hummingbird and plant species in human-modified 

habitats (Lindell et al. 2004; Mcgregor-Fors and Schondube 2011; Mukherjee et al. 2018; 

Maruyama et al. 2019), we could also expect a shift toward a more generalist set of hummingbird-

plant interactions (Maruyama et al. 2019). Furthermore, given the association between 

hummingbird diversity and flower resource availability (Montgomerie and Gass 1981), changes 

in plant richness and flower abundance in transformed habitats could affect the number, type, and 

arrangement of hummingbird-plant interactions. These changes are more likely to occur in highly-

seasonal habitats, such as tropical dry forests, where flower availability is related with the marked 

cyclical rainfall regime (Abrahamczyk and Kessler 2015). Accordingly, seasonality and habitat 

conversion as well as their interaction may have consequences for hummingbird mutualisms in 

transformed tropical dry forest areas.  

 

One useful approach for studying ecological interactions between organisms and how they change 

following habitat conversion is network analysis (Kaiser-Bunbury and Blüthgen 2015; Harvey et 

al. 2017). Network analysis enables a better understanding of the structure and dynamics of an 

assemblage of pollinators and plants interacting at the community level and therefore enables 

identification of more appropriate conservation targets for maintaining ecosystem integrity 

(Harvey et al. 2017). Recently, some quantitative metrics that are descriptive of the diversity and 

distribution attributes of an ecological interaction network were recommended for describing 

changes in network patterns: partner diversity, interaction diversity, and network complementary 

specialization. These attributes have important implications for conservation (Kaiser-Bunbury and 

Blüthgen 2015). We used these metrics to guide our analysis of a hummingbird-plant community 

in a tropical dry forest of Guatemala.   

 

First, we assessed the influence of seasonality and habitat type (tropical dry forest and agriculture) 

on the total number of hummingbird-plant interactions that could be recorded in our study area. 

Second, we compared the structure and functioning of the hummingbird-plant network between 



 

 

tropical dry forest and agricultural areas. Additionally, we established which hummingbirds and 

flowering plants are most important in the maintenance of the hummingbird-plant community in 

our study area. Finally, we discuss the implications of the conversion of native habitats, 

particularly dry forest, to agriculture and the role of specific plants/pollinators as organizers of the 

identified plant-pollinator assemblage. Our findings are useful for the long-term conservation of 

hummingbirds and native plants and can be subsequently used in conservation efforts in agriculture 

landscapes. 

 
METHODS 
 

Data on hummingbird visitation to flowers were collected in 8 sites in the Motagua Valley of 

eastern Guatemala ranging from 300 to 900 masl (Moran 1971) (Fig. 1). The mean annual 

temperature of this area is 26.9 °C, and the average annual rainfall is 815 mm (Najera 2006). The 

climate is tropical sub-humid, with a dry season lasting 5–7 months, usually from November to 

May (Najera 2006). The study area is composed of a mosaic of disturbed tropical dry forest patches 

in a matrix of anthropogenic land uses including crops (melon, watermelon, lemon, tobacco, and 

okra), pastures, and human settlements. We selected 4 sites in tropical dry forest and 4 sites in 

agricultural areas. To record hummingbird-plant interactions, a transect of approximately 2 km 

was established in each site. Fifteen observation points were marked along each transect and 

spaced 150 m from each other. Visits to each site were performed from 06:30 to 11:30. Each 

transect was visited twice during the dry season (May and October 2013) and twice during the 

rainy season (July 2013 and February 2014).  

Each point was observed by two observers for a 10-min period during which all hummingbird 

visits to flowers were recorded. A visit was recorded when a hummingbird probed a flower from 

the corolla opening, touching the reproductive structures of the flower. We also recorded the 

number of flowers visited by each observed hummingbird and the time spent at each flower. In 

addition, we counted the number of available, open flowers within a 30-m radius from the central 

point. Observations were focused on plants know or presumed to be visited by hummingbirds. 

Because the number of flowers varies among individuals and species, we considered a visit every 

time a hummingbird approached an individual plant and fed on at least one flower of that plant 

species.  

 



 

 

 

Fig. 1 Map of the study sites in Motagua Valley, eastern Guatemala.   

 

A cumulative curve of interactions was plotted to determine whether our sampling effort was 

sufficient for recording all hummingbird-plant interactions in the study area. The expected number 

of unobserved hummingbird-plant interactions was estimated using the Bootstrap estimator, which 

is recommended when the community includes many rare species (in this case, rare interactions) 

(Poulin et al. 1993). A matrix with the observed hummingbird-plant interactions in the columns 

and the four sampling months in the rows was constructed. Then, a direct estimation of the 

unobserved pairwise interactions was performed using the specpool function in the Vegan package 

in R.   

 

To test for possible correlations between the number of recorded hummingbirds and flower 

richness and availability, we used Kendall’s correlation, which is a rank-based measure of 

association for data that do not necessarily have a bivariate normal distribution. We tested whether 



 

 

the monthly total number of recorded hummingbirds at each study site was correlated with the 

total number of flowering plant species and available flowers.  

 

We also evaluated how seasonality and habitat type (and the possible interaction between these 

two factors) affected the total number of recorded hummingbird-plant interactions by fitting a 

generalized linear-mixed model (GLMM, package lme4 in R) with a Poisson error distribution and 

a log-link function to the experimental data. Sites were included as a random factor considering 

that counts were performed four times at each study site. After analyzing which factors influenced 

the number of hummingbird-plant interactions recorded, we removed from the final model those 

factors (or the interaction between them) that did not show a significant effect (p>0.05). 

 

Network analysis  

 

divWe built quantitative interaction networks per site (combining data from both seasons) and per 

habitat type (combining data of all habitat type replicates), considering the number of visits as a 

measure of the strength of the interactions. We then calculated five network metrics for each of 

these networks that characterize distinct aspects of the networks structure: 1) Connectance (C) 

describes the realized proportion of possible links in a network (Dunne et al. 2002). 2) Nestedness 

(NODF) quantifies the degree to which interactions between specialized species are subsets of the 

interactions between more generalist species in the network. Nestedness describes the topological 

feature of poorly-linked nodes typically being linked to more generalist nodes. This structure tends 

to buffer poorly-linked species from becoming extinct (Bascompte et al. 2003). To calculate 

nestedness and its level of significance in the tropical dry forest and agricultural networks, we used 

the Ce null model in ANINHADO (Guimarães and Guimarães 2006). This latter model assumes 

that the probability of occurrence of an interaction is proportional to the level of generalization of 

both interacting species. 3) Shannon diversity (S) represents the diversity of interactions in the 

entire network. 4) Complementary specialization (H’2) is an index designed to measure network-

wide specialization for quantitative interaction matrices. It describes how species restrict their 

interactions with respect to those randomly expected based on partner availability (Blüthgen et al. 

2006). 5) Robustness (R) is a metric that measures the tolerance of a system to species loss. It is 

calculated using the area below the extinction curve (Memmott et al. 2004) based on the likelihood 

that the elimination of a given fraction of species in one guild will lead to the extinction of a 



 

 

number of species in another guild dependent upon their interactions. The curve provides a graphic 

description of the tolerance of a system to the extinction of component species. A value of 1 

corresponds with a curve that decreases very mildly until a point at which almost all animal species 

are eliminated, which is consistent with a very robust system. Conversely, a value of 0 corresponds 

with a curve that decreases abruptly as soon as any single species is lost, which is consistent with 

a fragile system. Additionally, and only for the habitat type networks we calculate species strength 

(Es) and Partner diversity metrics (PD). The first one assesses the role of species within networks 

and its variance between habitats. Corresponds to the sum of the proportion of interactions of a 

given species with all interaction partners. Higher values indicate that more plants depend on a 

specific hummingbird species or vice versa (Bascompte et al. 2006). partner diversity is the 

(weighted) mean Shannon diversity of the number of interactions for the species of that level. All 

metrics except for nestedness were calculated using the bipartite package (Dormann et al. 2008) 

in R. Finally, to test for differences between network parameters between habitat types we 

performed a t-test analysis.  

 

RESULTS 
 

We recorded five hummingbird species in the Motagua Valley: Canivet’s Emerald (Chlorostilbon 

canivetii [Lesson, R, 1832]), the Cinnamon Hummingbird (Amazilia rutila [Delattre, 1843]), the 

Green-breasted Mango (Anthracothorax prevostii [Lesson, R, 1832]), the Ruby-throated 

Hummingbird (Archilochus colubris [Linnaeus, 1758]), and the Plain-capped Starthroat 

(Heliomaster constantii [Delattre, 1843]). These hummingbirds visited a total of 19 plant species. 

We observed 80 interactions between hummingbirds and plants in the 8 study sites (Fig. 2). The 

Cinnamon Hummingbird was involved in 45% of interactions, Canivet’s Emerald in 39%, the 

Plain-capped Starthroat in 9%, the Ruby-throated Hummingbird in 4%, and the Green-breasted 

Mango in only 3%.  



 

 

 

Fig. 2 Graphical representation of the overall hummingbird-plant visitation network of the study 

area.  The lines represent the 80 recorded interactions, and the size of the boxes is proportional to 

the number of species with which each species is interacting. The width of the links is proportional 

to the number of hummingbird visits observed for a particular plant species. Hummingbird species 

abbreviations: Ama.rut (Amazilia rutila [Delattre, 1843]), Ant.pre (Anthracothorax prevostii 

[Lesson, R, 1832]), Arc.col (Archilochus colubris [Linnaeus, 1758]), (Chlorostilbon canivetii 

[Lesson, R, 1832]), and Hel.con (Heliomaster constantii [Delattre, 1843]). Plant species 

abbreviations: Art.lep (Antigonon leptopus Hook and Arn.), Cae.aff (Caesalpinia affinis Hemsl.), 

Cei.aes (Ceiba aesculifolia [Kunth] Britten and Baker f.), Cni.aco (Cnidoscolus aconitifolius 

[Mill.] I.M. Johnst.), Cni.ure (Cnidoscolus urens [L.] Arthur), Com.fru (Combretum fruticosum 

L.), Ipo.hed (Ipomoea hederifolia L.), Ipo.tri (Ipomoea trifida [Kunth] G. Don), Lam.eich 

(Lemaireocereus eichlamii Britton and Rose), Mac.atr (Macroptilium atropurpureum [Moc. and 

Sessé ex DC.] Urb.), Mom.cha (Momordica charantia L.), Nop.gua (Nopalea guatemalensis 

Rose), Pass.foe (Passiflora foetida var. gossypifolia L.), Ped.tit (Pedilanthus tithymaloides [L.] 

Poit.), Plo.bux (Plocosperma buxifolia Benth.), Spo.pur (Spondias purpurea L.), Tec.sta (Tecoma 

stans [L.] Juss. Ex Kunth), Till.cap (Tillandsia caput-medusae C.J. Morren), and Till.xer 

(Tillandsia xerographica Rohweder).  

 



 

 

We registered approximately 79% of the estimated interactions for the study area (Bootstrapp= 

46.87, stdv=7.2, n=4). The accumulation curve (Fig. 3) indicates that if we had sampled more days 

or more study sites, we would have detected more links in our network.  

 
Fig. 3. Cumulative plant-hummingbird interactions in a) tropical dry forest and b) agricultural 

habitats in the Motagua Valley of Guatemala. The lines represent the recorded interactions, and 

the size of the boxes is proportional to the number of species with which each species is interacting. 

The width of the links is proportional to the number of hummingbird visits observed for a particular 

plant species. The species abbreviations are detailed in Fig. 2.  

 

The number of hummingbird species (X2=8.1476, df=1, P=0.0043), the number of hummingbird 

individuals (X2=7.7686, df=1, P=0.0053), and the number of plant species used by hummingbirds 

(X2=8.3738, df =1, P=0.0038) were significantly higher during the dry season. Only the total 

number of available flowers did not significantly differ between seasons (X2=0.41051, df=1, 

P=0.5217).  

 

The variables mentioned above did not significantly vary in relation to habitat type (number of 

hummingbird species X2=0.42789, df=1, P=0.513; number of hummingbird individuals 

X2=1.3676, df=1, P=0.2422, number of plant species used by hummingbirds X2=1.9249, df=1, 

P=0.1653; and number of flowers available X2=0.24006, df=1, P=0.6242). However, we did find 

an additional significant and positive association between the monthly number of hummingbird 



 

 

species and individuals in each study site with the number of blooming plant species (z=2.0626, 

P=0.039, r=0.31; z=2.1352, P=0.033, r=0.30) and the total number of available flowers (z=2.0103, 

P=0.04, r=0.28; z=1.9958, P=0.04, r=0.30). 

 

With respect to the hummingbird-plant interactions, we recorded a total of 67 interactions during 

the dry season and 13 during the rainy season. A higher number of interactions was observed in 

the tropical dry forest sites (N=52) than in the agricultural sites (N=23). On average, we recorded 

a higher number of hummingbird-plant interactions during the dry season and in the tropical dry 

forest (Fig. 4).  

 

 

Fig. 4 Average number of hummingbird-plant interactions and standard deviation recorded in the 

Motagua Valley of Guatemala. a) Average number of hummingbird-plant interactions per season 

and b) average number of hummingbird-plant interactions in agricultural and tropical dry forest 

(forest) habitats.  

 

Once again, seasonality, but not habitat type, significantly contributed to predicting the number of 

hummingbird-plant interactions in the Motagua Valley (Table 1). The GLMM indicated that, 

during the dry season, it is possible to record almost twice the number of hummingbird-plant 

interactions in the study area (Table 1).    

 



 

 

Table 1 Results from the generalized linear mixed-effects model showing the relationship between 

seasonality and the number of hummingbird-plant interactions recorded in the study area. Habitat 

type and the interaction between habitat type and Seasonality did not show a significant effect 

(p<0.05) so they were excluded from the model.   

  

 Coefficient B Standard error z p 

Intercept 1.3205 0.2523 5.234 1.66e-07 

Rainy season −1.6236      0.2885   −5.628 1.83e-08 

 

Network analysis 

All individual networks were relatively small, and had a high connectance value (Table 2). All of 

them showed low nestedness value and were not significantly nested, meaning that the partners of 

the most specialized species were not a subset of those interacting with the most generalist species. 

All of the networks showed a high robustness to the random extinction of species.  In addition, we 

did not find significant differences in any of the network parameters between habitat types (Table 

2). Nonetheless, the mean values of the Shannon diversity index, Robustness and Network 

specialization were slightly higher at tropical dry forest (Table 2). Only the mean connectance 

value was marginally higher at agricultural sites.  

 

 

Table 2 Values of the hummingbird-plant visitation networks parameters per site at the Motagua 

Valley of Guatemala.  

Habitat type 

Site ((number of 

hummingbird species/ 

number of plant 

species) 

Size 
link per 

specie 
C 

NODF 

Er (p) 
S R H'2 

Agriculture 

Achiotes 3 x 4 0.75 0.4 21.78 (0.76) 1.74 0.64 0.5 

Jicaro 2 x 2 0.75 0.75 28 (0.8) 1.03 0.75 0 

Manzanotes 3 x 4 1.1 0.52 ----- 2.13 0.74 0.1 

Fragua 1 x 1 0.5 1 ---- 1.03 ----- 0 

mean (SD) 
 0.77(0.24) 0.67(0.26)  1.48(0.54) 0.71(0.06) 0.15(0.23) 

Tropical dry 

forest 

Gemelos 1 x 1 0.8 0.66 ---- 1.15 ----- 0 

Huite 6 x 3 0.88 0.44 21.38 (0.42) 1.97 0.73 0.3 

Lo de China 4 x 8 0.92 0.34 13.33 (0.64) 2.21 0.7 0.5 



 

 

Niño Dormido 2 x 7 0.88 0.57 21.28 (0.94) 2.03 0.77 0.6 

mean (SD)  0.87(0.05) 0.5(0.14)  1.84(0.47) 0.73(0.03) 0.35(0.27) 

t  

(p value) 
  

0.75478 

(0.47) 

1.0993  

(0.31)  

-0.99119  

(0.35) 

-0.5754 

 (0.59) 

-1.1239, 

(0.30 

 

Upon comparing the overall networks of both habitats (networks built with the data collected in 

the four replicates of each habitat type) both showed a connectance value around 36% (Table 3). 

In addition, both networks showed a low nestedness. The tropical dry forest network had a slightly 

higher diversity value than the agricultural network (Table 3). In relation to the diversity of 

interaction partners for individual species in the networks, hummingbirds interact with a more 

diverse set of flowering plant resources in the tropical dry forest network than in the agricultural 

network. On the other hand, plants have a higher diversity of interaction partners in the agricultural 

network.   

 

Table 3 Values of the hummingbird-plant visitation networks parameters per habitat type at the 

Motagua Valley of Guatemala. 

 Habitat 

Network parameter  Tropical dry forest Agriculture 

Size  (number of hummingbird species/ number of plant species) 4×13 4×9 

C 0.35 0.36 

NODF* 27.05 20.63 

S  2.61 2.38 

Partner diversity (hummingbird/plants) 1.50/0.49 1.28/0.63 

H'2 0.47 0.24 

*No significantly nested (P>0.05).  

 

Overall, with respect to the resistance of the networks to different extinction scenarios, both 

networks were almost equally sensitive to the random and simultaneous extinction of plant and 

hummingbird species (Table 4). The tropical dry forest network was more robust to the loss of 

plant species than to the loss of hummingbird species. The agriculture network better resisted the 

loss of hummingbirds when the most connected species went extinct first and was more robust to 

the loss of plants when the least abundant went extinct first.  

 



 

 

Table 4 Robustness of the hummingbird-plant visitation networks in the Motagua Valley of 

Guatemala to different extinction scenarios per habitat type: (1) random deletion of species; (2) 

extinction of the least to most abundant species; and (3) extinction of the best to least connected 

species.  

 Extinction scenario Tropical dry forest Agriculture 

Both Random 0.31 0.33 

Hummingbird species Random 0.61 0.72 

 Degree 0.40 0.65 

 Abundance 0.72 0.83 

Plant species Random 0.72 0.72 

 Degree 0.65 0.57 

 Abundance 0.83 0.90 

 

Canivet’s Emerald (Chlorostilbon canivetii) and the Cinnamon Hummingbird (Amazilia rutila), 

which were shared between habitats, were the most relevant species in the networks (Table 4). 

Ipomea trifida and Caesalpinia affinis were the most relevant plant species along with additional 

herbs and shrubs in each network (Table 5).   

 

Table 5 Species strength values for plant and hummingbird species in tropical dry forest and 

agricultural habitats in the Motagua Valley of Guatemala. 

  Species strength 

Group Species Tropical dry forest Agriculture 

Hummingbirds Amazilia rutila 4.51 5.55 

Archilochus colubris 1 - 

Chlorostilbon canivetii 6.62 1.72 

Heliomaster constantii 0.86 1.50 

Anthracothorax prevostii - 0.22 

Plants Antigonon leptopus 0.043  

Caesalpinia affinis 0.93 1.71 

Cnidoscolus aconitifolius 0.31  

Cnidoscolus urens 0.18  

Ipomoea hederifolia 0.84  

Ipomoea trifida 1  

Momordica charantia 0.045  

Nopalea guatemalensis 0.19  

Plocosperma buxifolia 0.05  

Spondias purpurea 0.047  



 

 

Tillandsia caput-medusae 0.27  

Pedilanthus tithymaloides 0.04 0.73 

Ceiba aesculifolia 0.04 0.076 

Combretum fruticosum  0.077 

Lemaireocereus eichlamii  0.076 

Macroptilium atropurpureum  0.17 

Passiflora foetida var gossypifolia  0.077 

Tecoma stans  0.50 

Tillandsia xerographica  0.57 

 
DISCUSSION 
 

Effects of seasonality and habitat type on the number of hummingbird-plant interactions  

 

As expected, seasonality notably and significantly impacted the number of hummingbird-plant 

interactions recorded in the Motagua Valley of Guatemala. We found that the recorded total 

numbers of hummingbirds and flowering plants used by hummingbirds were higher during the dry 

season, consequently resulting in a higher number of species interactions during this season. 

Similar results were found in other tropical dry forests in Mexico where hummingbird species were 

more abundant during the dry season, which is presumably related with the greater abundance of 

food resources (Arizmendi and Ornelas 1990). Additionally, the effect of seasonality on the 

number of hummingbird-plant interactions in tropical dry forest is partially related to the cyclical 

rainfall regime and the marked dry season, which lead to flowering patterns that can, in turn, affect 

the richness and abundance of hummingbirds (Abrahamczyk and Kessler 2015). The positive 

correlation found in the present study between the recorded number of hummingbirds per season 

and flower availability supports these latter findings. In tropical dry forests, flowering commonly 

occurs during the dry season (Frankie et al. 1974; Borchert 1996; Bennett et al. 2014), and many 

deciduous plants produce large numbers of flowers during this time of the year when rainfall is at 

a minimum (Holbrook et al. 1995). The explanation for this flowering pattern has been related 

with biotic factors such as the lack of interference of the flowering process with the vegetative 

process, increased flower visibility, and reduced competition for pollinators during this season 

(Gentry 1974; Janzen 1982; Augspurger 1980). As observed in other tropical dry forests (Stiles 

and Wolf 1970; Arizmendi and Ornelas 1990), the hummingbirds of the Motagua Valley 

http://onlinelibrary.wiley.com/doi/10.1111/jzo.12360/full#jzo12360-bib-0006


 

 

apparently move to surrounding areas in response to seasonal changes in resource abundance, 

consequently affecting the number of interactions formed over time. 

 

Meanwhile, habitat type was not an important determining factor of the number of hummingbird-

plant interactions in the study area. Our data suggest that, at a local scale, the number of 

interactions between hummingbirds and plants does not change significantly between tropical dry 

forest and agricultural habitats. This finding is probably partially related to the generalist habits of 

the most abundant hummingbird species in the study area (Cinnnamon Hummingbird, Cavinet’s 

Emerald, and Plain-capped Starthroat) that are involved in the majority of the recorded interactions 

(93%). These species are often present in human-disturbed and transformed habitats as well as in 

more preserved natural vegetation (del Hoyo et al. 2018; Stiles et al. 2018; Weller et al. 2018). In 

addition, the majority of plant species with which hummingbirds interact are herbs or shrubs 

growing at the edge of tropical dry forests, in open areas, or in patches left undisturbed by farmers 

following the clearing of vegetation for agricultural activities, including Caesalpinia affinis 

Hemsl., Pedilanthus tithymaloides (L.) Poit., Nopalea guatemalensis Rose, and herbs of the genus 

Ipomea. In addition, the majority of the agricultural sites have remnants of tropical dry forest with 

distinct regeneration statuses, so floral resources were available across sites despite differing levels 

of disturbance, as evidenced by the non-significant differences in flower abundance between 

habitats.  

 

The generalist hummingbird-plant assemblages in the study area appear to be reflective of the high 

level of anthropogenic disturbance that characterizes many tropical dry forest areas of Central 

America. Many of these areas have been seriously degraded for hundreds of years as a result of 

conversion to agriculture or extensive cattle ranching (Martinez 1985; Janzen 1988). Given such 

extensive land-use changes, the natural vegetation has been reduced to small and degraded 

fragments, and less than 2% of the original vegetation remains in a more or less intact state (Janzen 

1988). As a consequence, species that are more sensitive to habitat loss, degradation, and 

fragmentation may have already been lost, whereas bird and plant species assemblages more 

tolerant of a wider range of conditions may have persisted (Owens and Bennett 2000). In relation 

to this, Sanaphre-Villanueva et al. (2017) found that the patterns of plant functional variation at 

the landscape scale in a tropical dry forest of Mexico were mostly driven by dominant generalist 



 

 

species (in terms of number and relative abundance) across successional stages, possibly reflecting 

the long history of disturbance in the tropical dry forests of the region (Rico-Gray and García-

Franco 1992, Mizrahi et al. 1997).  

 

Network analysis in relation to habitat type    

 

No differences in the connectance values were found in the hummingbird-plant interaction 

networks of the forested and agricultural sites. This result suggests that, in the Motagua Valley, 

the number of links between hummingbird and plant species is mostly retained after natural 

habitats are transformed to crops, which has also been reported in other studies examining the 

response of pollination networks to disturbances (Aizen et al. 2008; Heleno et al 2012). In the 

context of our study sites, this also suggests the existence of a landscape effect: hummingbird and 

plant assemblages do not change drastically because most of the Motagua Valley’s hummingbird 

species are generalist and highly mobile and because agricultural sites harbor a subset of generalist 

plants from tropical dry forest and other flowering resources. The level of connectance of our 

networks was relatively low and similar to the ones reported for other hummingbird-plant 

visitation networks in tropical dry forests in Mexico (mean ± SE=0.38 ± 0.09, Lara-Rodriguez et 

al., 2012; C=0.21, recalculated for the entire network in Ortiz-Pulido et al. 2012) and a dry 

ecosystem in Brazil (C=0.33, Maruyama et al. 2019). The similarities in the connectance values 

of different tropical dry forest networks could be related to the small size of these networks, as 

small networks are usually highly connected. Several studies have found a relation (to a certain 

extent) between species richness and connectance values (Jordano 1987; Sugihara et al. 1989; 

Olsen and Jordano 2002).  

 

With respect to nestedness, some studies have found higher nestedness in the hummingbird-plant 

networks of transformed or disturbed sites compared to more natural locations (Lara-Rodríguez et 

al. 2012; Maruyama et al. 2019). However, in the Motagua Valley, both the tropical dry forest and 

agricultural networks had similar nestedness values and were not significantly nested compared to 

null models. This result is probably related to the small size of our networks. As various authors 

have pointed out, small networks tend not to be significantly nested (Bascompte et al. 2003). 

Guimarães et al. (2006) reported a logarithmic relationship between network size and nestedness 

and suggested that species-rich systems are likely more highly nested. The explanations for this 

http://iopscience.iop.org/article/10.1088/1748-9326/aa6baa#erlaa6baar35


 

 

pattern may be that nestedness is undetectable below a certain threshold of species richness and 

that species-poor assemblages do not have enough species for specialized interactions to evolve 

between specialized and generalist species. Some additional studies have raised the possibility that 

greater disturbance increases the nestedness of hummingbird-plant networks (Maruyama et al. 

2019), yet more studies are needed to determine the effect of conservation on nestedness values in 

hummingbird mutualistic networks.  

 

As previously observed for other hummingbird-plant visitation networks (Aizen et al. 2012; 

Maruyama et al. 2019), natural habitat transformation to agriculture in the Motagua Valley has led 

to slightly more generalized hummingbird-plant interaction network. Higher generalization 

indicates the lower dependency of species on one or several exclusive partners. The increase in 

generalization at agricultural sites is likely due to the lower plant species richness and the lower 

selectiveness of hummingbirds in these sites, thereby decreasing the complementarity 

specialization of the network. In this context, anthropic habitats are characterized by species that 

are less selective in their ecological links, resulting in greater connectivity within the networks 

(Santo de Araujo 2018). Therefore, these data suggest that tropical dry forest transformation has 

led to a less functionally diverse community and, consequently, to a more generalized interaction 

network. The generalization of the agricultural network may have contrasting effects in relation to 

the conservation and robustness of plant-pollinator interactions. In terms of conservation value, 

networks with more specialized interactions are important for conservation. In terms of community 

robustness to disturbance and anthropogenic perturbations, high specialization may reduce 

competition between hummingbirds, increasing the probability of pollen transfer among 

conspecific plants and thus benefiting both hummingbirds and plants. On the other hand, in 

networks with high resource specialization, hummingbirds and plant may also be more vulnerable 

to the extinction of their mutualistic partners (Dalsgaard et al. 2018).  

 

However, the tropical dry forest network did show a higher diversity of partners and interactions, 

which reflects a richer community and a more even distribution of links in the network (Kaiser-

Bunbury and Bluthgen 2015). The latter condition is associated with higher functional robustness 

at a community level given that the risk of losing a link or an entire species is spread more evenly 

across the network (Kaiser-Bunbury and Bluthgen 2015). Higher partner diversity can also 



 

 

contribute to the persistence and functioning of an ecosystem because the diversity of both plants 

and pollinators can, for instance, contribute to the reproductive success and persistence of plant 

communities (Fontaine et al. 2005). Higher partner diversity in tropical dry forest reduces the 

reliance of hummingbirds on few plant species, thus increasing the robustness of hummingbirds 

to different types of stochastic and anthropogenic disturbances in more natural habitats (Kaiser-

Bunbury and Bluthgen 2015). Hummingbirds’ higher number of partner species in tropical dry 

forest also explains the higher resistance of this network to the loss of plant species than to the loss 

of hummingbird species.  

 

Key hummingbird and plant species for conservation purposes 

 

To conserve and even restore (Menz et al. 2011) pollination interactions in human-modified 

landscapes, two important steps are 1) to establish which pollinator species are the most important 

in the maintenance of the plant-pollinator community and 2) to establish which plant species are 

preferred by pollinators at a given location in order to improve resource availability (Mukherjee et 

al. 2018). In the present survey, Canivet’s Emerald (Chlorostilbon canivetii) and the Cinnamon 

Hummingbird (Amazilia rutila) were the most abundant resident hummingbird species in the 

Motagua Valley (Bustamante-Castillo et al. 2018) and also the most relevant hummingbird 

pollinator species in the study area. These generalist species were involved in the majority of 

recorded interactions and functioned as important network connectors. In both networks, they had 

connections with half or more than half of the recorded plant species (Martínez-Gonzáles et al. 

2010). Because of their generalist behavior, resident status, and high abundance (Bustamante-

Castillo et al. 2018), these two hummingbirds are good targets for plant-hummingbird conservation 

efforts. Highly connected species like these are essential for network cohesion because their 

elimination may trigger a cascade of secondary extinctions, strongly impacting the plant 

community and the integrity of the entire network (Memmott et al. 2004; Kaiser-Bunbury et al. 

2010). These generalist species are also considered to play a key role in the evolution and 

persistence of pollination communities (Bascompte et al. 2003; Memmott et al. 2004). In the 

present study, the most relevant pollinators in the hummingbird-plant networks were mainly 

chosen by selecting the species with the highest proportions of interactions considering all 

interaction partners. This indicates that more plant species depend on these particular species for 

pollination (Bascompte et al. 2006). Nevertheless, it is important to take into consideration that 

https://www.sciencedirect.com/science/article/pii/S1476945X09000294#bib4
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the effectiveness of a pollinator at setting seeds can be influenced by many other factors such as 

visit duration to flowers (Ivey et al. 2003; Boyd 2004), body size (Garibaldi et al. 2015), and even 

foraging behavior (Bosch and Blas 1994).  

 

Notably, as pointed out by Mukherjee et al. (2018), the selection of plant species for the 

conservation of pollinator populations is considered to be more significant than the selection of 

pollinators for the conservation of plants. In the absence of certain pollinators, pollination may still 

be performed by other pollinator species, but the availability of flowering plants is essential for 

the survival of many pollinators. In the case of the Motagua Valley, as observed in other tropical 

forests (Stiles 1985; Arizmendi and Ornelas 1990; Cardoso-Araujo and Sazima 2003), the majority 

of plants species visited by hummingbirds were herbs, shrubs, and epiphytes. In particular, herbs 

such as Ipomea trifida and Ipomoea hederifolia and shrubs such as Caesalpinia affinis, 

Cnidoscolus urens, and Pedilanthus tithymaloides were identified as relevant resources for the 

hummingbird assemblage of the study area. Most of the flowering plants used by hummingbirds 

presented a high abundance of flowers per individual and were frequently located at the edges of 

tropical dry forest or in secondary growth vegetation and open areas. Consequently, generalist 

hummingbirds that often use this set of flowers (Stouffer and Bierregaard 1995) were highly 

attracted to them. Notably, none of the plants visited by hummingbirds were cultivated; rather, in 

the agricultural areas, the hummingbirds visited flowers growing on the edges of crops or in nearby 

remnants of tropical dry forest. This observation highlights the importance of natural and semi-

natural habitat remnants for providing essential resources for pollinators in agricultural landscapes, 

which may help to maintain pollination services in agroecosystems (Jauker et al. 2009).  

 

Finally, we believe that to achieve the conservation of pollinators and native plants in the Motagua 

Valley, it is necessary to legally protect a greater number of natural and semi-natural areas. 

However, since only a small amount of these lands are likely to be protected legally, we 

recommend converting agricultural lands into more biodiversity-friendly areas that combine 

agricultural production with biodiversity protection (Kearns et al. 1998). Agricultural lands can be 

managed to support pollinator populations by providing a seasonal succession of suitable forage 

plants, including, for example, the plants identified as good flower resources for hummingbirds in 

the present survey. Also, the enrichment of floral resources for hummingbirds and other pollinators 



 

 

could be carried out in agricultural environments through the establishment of living fences or 

even gardens for pollinators. 

 

In summary, our data suggest that seasonality is a stronger predictor than habitat type of the 

number of hummingbird-plant interactions recorded at a local scale in the Motagua Valley of 

Guatemala. The apparent lack of response of the number of interactions to habitat type is probably 

a consequence of the generalist nature of the hummingbird-plant assemblages of the study area, 

enabling plants and hummingbirds to persist and form new interactions in disturbed and 

transformed environments. Our data also suggest that although hummingbird-plant assemblages 

can persist in agricultural environments, the conversion of natural habitats to agriculture can cause 

changes in interaction patterns, such as a higher level of generalization, which has implications for 

the conservation of mutualist pollination interactions. Therefore, our data highlight the importance 

of conserving remnants of dry forest around farmlands to guarantee the persistence of 

hummingbirds and the pollination services they provide to native plants. We also recommend the 

implementation of strategies that contribute to the conservation of hummingbirds in degraded and 

transformed tropical dry forest areas, including the enrichment of sites with attractive plants for 

hummingbirds. 

 

Acknowledgments 

The authors wish to thank the Biological Sciences Postgraduate Department of the National 

Autonomous University of Mexico (Posgrado en Ciencias Biológicas, Universidad Nacional 

Autonóma de Mexico) for assisting M. Bustamante during her Ph.D. studies and for offering 

financial support for travel (PAEP-CEP-UNAM). The authors also wish to thank Dr. David Inouye 

and an anonymous reviewer whose comments improved the quality of the manuscript. We also 

thanks Manuel Alejandro Barrios Izás, Ph.D. (Instituto de Investigaciones del Centro Universitario 

de Zacapa, Universidad de San Carlos de Guatemala), for making the map of the surveyed area.  

 

Declaration of Conflicting Interests 

The author(s) declared no potential conflicts of interest with respect to the research, authorship, 

and/or publication of this article  

 



 

 

Funding 

The author(s) disclosed receipt of the following financial support for the research, authorship, 

and/or publication of this article: This work was financially supported by National Council of 

Science and Technology (Consejo Nacional de Ciencia y Tecnología) and the Government of 

Guatemala through the National Fund for Science and Technology (Fondo Nacional de Ciencia y 

Tecnología [FODECYT 45-2013]). 

 
REFERENCES  
 

Abrahamczyk S, Kessler M (2015) Morphological and behavioral adaptations to feed on nectar: 

how feeding ecology determines the diversity and composition of hummingbird assemblages. J 

Ornithol 156:333-347 

 

Araujo A, Sazima M (2003) The assemblage of flowers visited by hummingbirds in the “capões” 

of Southern Pantanal, Mato Grosso do Sul, Brasil. Flora 198:427–435 

 

Augspurger CK (1980) Mass flowering of a tropical shrub (Hybanthus prunifolius): influence on 

pollinator attraction and movement. Evolution 34:475–488 

 

Aizen MA, Sabataino M, Tylianakis JM (2012) Specialization and ramrity predict  loss of 

interactions from mutualist networks. Science 335:1486 -1489  

 

Aizen MA, Morales CL, Morales JM (2008) Invasive Mutualists Erode Native Pollination Webs. 

PLOS Biology 6:2: e31. doi:10.1371/journal.pbio.0060031.  

Arizmendi MC, Ornelas JF (1990) Hummingbirds and their floral resources in a tropical dry forest 

in México. Biotropica 22:172–180 

 

Bascompte J, Jordano P, Melián C, Olesen J (2003) The nested assembly on plant-animal 

mutualistic networks. PNAS 100:9383-9387. 

 

Bascompte J, Jordano P (2007) Plant‐animal mutualistic networks: the architecture of biodiversity. 

Annu. rev. ecol. evol. syst 38:567–93. 



 

 

 

Bennett J, Clarke R, Thomson J, MacNally R (2014) Variation in abundance of nectarivorous 

birds: does a competitive despot interfere with flower tracking?. J Anim Ecol 83:1531–1541.  

 

Boch J, Blas M (1994) Foraging Behaviour and Pollinating Efficiency of Osmia cornuta and Apis 

mellifera on Almond (Hymenoptera, Megachilidae and Apidae). Appl Entomol Zool 29:1-9 

 

Borchert R (1996) Phenology and flowering periodicity of Neotropical dry forest species: evidence 

from herbarium collections. J Trop Ecol 12:65 

 

Bustamante-Castillo M, Hernández-Baños B, Arizmendi MC (2018) Hummingbird Diversity and 

Assemblage Composition in a Disturbed Tropical Dry Forest of Guatemala. Trop Conserv Sci 

11:1-15 

 

Boyd EA (2004) Breeding system of Macromeria viridiflora (Boraginaceae) and geographic 

variation in pollinator assemblages. Am J Bot 91:1809–1813 

 

Cardoso-Araujo A, Sazima M (2003). The assemblage of flowers visited by hummingbirds in the 

“capões” of Southern Pantanal, Mato Grosso do Sul, Brazil. Flora 198:427-435 

Chazdon RL, Harvey C, Martínez-Ramos M, Balvanera P, Schondube S, Avila-Cabadilla LD, 

Flores-Hidalgo M (2011) Tropical dry forest biodiversity and conservation value in agricultural 

landscapes of Mesoamerica. In: Dirzo R, Young HS, Mooney HA, Ceballos G (ed) Seasonally Dry 

Tropical Forests: Ecology and Conservation, Island Press USA, pp 195–2019 

 

Dalsgaard B, Kennedy JD, Simmons, BI, Baquero AC, Gonzalez AM, Timmermann A, 

Maruyama, PK, McGuire JA, Ollerton J, Sutherland WJ, Rahbek C (2018) Trait evolution, 

resource specialization and vulnerability to plant extinctions among Antillean hummingbirds. Proc 

R Soc B 285:20172754 

 

del Hoyo J, Collar N, Kirwan GM, Boesman P (2018) Canivet's Emerald (Chlorostilbon canivetii). 

In: del Hoyo J. Elliott A, Sargatal J, Christie DA, de Juana E (ed) Handbook of the Birds of the 



 

 

World Alive. Lynx Editions, Barcelona https://www.hbw.com/node/467217 on 15 January 2018. 

Accessed 10 February 2019 

 

Feisinger P (1976) Organization of a tropical guild of nectarivorous birds. Ecol Monogr 46:257–

291 

 

Fontaine C, Dajoz I, Meriguet J, Loreau M (2006) Functional Diversity of Plant–Pollinator 

Interaction Webs Enhances the Persistence of Plant Communities. PLoS Biol 4:129-135 

 

Frankie GW, Baker HG, Opler P (1974) Comparative phenological studies of trees in tropical wet 

and dry forests in the lowlands of Costa Rica. J Ecol 62:881-919 

 

Garibaldi LA, Bartomeus I, Bommarco R, Klein AM, Cunningham SA, Aizen MA, … Morales 

CL (2015) Trait matching of flower visitors and crops predicts fruit set better than trait diversity. J 

Appl Ecol 52:1436–1444 

Gentry AH (1974) Flowering phenology and diversity in tropical Bignoniaceae. Biotropica 6:64-

68. 

 

Guimarães PR, Guimarães P (2006) Improving the analyses of nestedness for large sets of 

matrices. Environ Model Softw 21:1512-1513 

 

Guimarães P, Rico-Gray V, Furtado dos Reis S, Thompson J (2006) Asymmetries in specialization 

in ant–plant mutualistic networks. Proc R Soc B 273:2041–2047 

 

Hadley A, Betts M (2009) Tropical deforestation alters hummingbird movement patterns. Biol 

Lett 5:207–210 

 

Harvey E, Gounand I, Ward CL, Altermatt F (2017) Bridging ecology and conservation: from 

ecological networks to ecosystem function. J Appl Ecol 54:371–379 

 

https://www.hbw.com/node/467217%20on%2015%20January%202018


 

 

Heleno R, Devoto M, Pocock M (2012) Connectance of species interaction networks and 

conservation value: Is it any good to be well connected? Ecol Indic 14:7-10 

 

Holbrook NM, Whitbeck JL, Mooney HA (1995) Drought responses of neotropical dry forest 

trees. In: Bullock SH, Mooney HA, Medina E (ed) Seasonally Dry Tropical Forests. Cambridge 

University Press, Cambridge UK, pp 243–276 

 

Ivey CT, Martinez P, Wyatt R (2003) Variation in pollinator effectiveness in swamp 

milkweed, Asclepias incarnata (Apocynaceae). Am J Bot 90: 214–225 

 

Jauker F, Diekotter T, Schwarzbach F, Wolters V (2009) Pollinator dispersal in an agricultural 

matrix: opposing responses of wild bees and hoverflies to landscape structure and distance from 

main habitat.  Landsc Ecol 24:547-555.  

 

Janzen DH (1982) Cenizero tree (Leguminosae: Pithecellobium saman) delayed fruit development 

in Costa Rican deciduous forests. Amer J Bot 69:1269–1276 

 

Janzen DH (1988) Tropical dry forests: the most endangered major tropical ecosystem in: Wilson 

O (ed) Biodiversity, National Academy of Sciences, Washington DC, pp 130–137 

 

Jordano P (1987) Patterns of mutualistic interactions in pollination and seed dispersal: 

connectance, dependence, and coevolution. Am Nat 129: 657–677. 

 

Jauker F, Diekotter T, Schwarzbach F, Wolters V (2009) Pollinator dispersal in an agricultural 

matrix: opposing responses of wild bees and hoverflies to landscape structure and distance from 

main habitat, Landsc Ecol 24:547-555 

 

Kaiser-Bunbury C, Blüthgen N (2015) Integrating network ecology with applied conservation: a 

synthesis and guide to implementation. AoB Plants 7, plv076 

 



 

 

Kaiser-Bunbury C, Muff S, Memott J, Muller C, Caflisch A (2010) The robustness of pollination 

networks to the loss of species and interactions: a quantitative approach incorporating pollinator 

behavior. Ecol Lett 13:442–452 

 

Kearns CA, Inouye DW, Wasser NM (1998) Endangered mutualisms: the conservation of plant-

pollinator interactions. Annu Rev Ecol Syst 29:83–112 

 

Stiles FG, Kirwan GM, Boesman P (2018) Plain-capped Starthroat (Heliomaster constantii). In: 

del Hoyo J. Elliott A, Sargatal J, Christie DA, de Juana E (ed) Handbook of the Birds of the World 

Alive. Lynx Editions, Barcelona https://www.hbw.com/node/467217 on 15 January 2018. 

Accessed 10 February 2019 

 

Lara-Rodríguez NZ, Díaz-Valenzuela R, Martínez-García V, Mauricio-Lopéz E, Díaz AS, Valle 

OI, Fisher AD, Lara C, Ortiz-Pulido R (2012) Redes de interacción planta-colibrí del centro-este 

de México. Rev Mex Biodivers 83:569-577 

 

Lindell C, Chomentowski W, Zook J (2004) Characteristics of bird species using forest and 

agricultural land covers in southern Costa Rica, Biodevirs Consev 13:2419-2441  

 

Machado IC, López AV (2004) Floral traits and pollination systems in the Caatinga, a Brazilian 

tropical dry forest. Annals of Botany 94:365–376 

 

Martínez HA (1985) El problema de la Lefia en las zonas secas de América Central. Necesidades 

de investigaci6n. In: Salazar R (ed) Técnicas de producción en fincas pequeñas y recuperaci6n de 

sitios degradados por medio de la silvicultura, CATIE, Turrialba, Costa Rica, pp 33-45 

 

McGregor-Fros I, Schondube J (2011) Use of Tropical Dry Forests and Agricultural Areas by 

Neotropical Bird Communities. Biotropica 43:365-370 

 

Maruyama P, Bonizárioa C, Marconc P, D'Angelod G, da Silvae M, da Silva E, Oliveiraa P, 

Sazimaf I, Sazimab M, Vizentin-Bugonig J, Anjosh L, Ruic A, Marçal O (2019) Plant-

https://www.hbw.com/node/467217%20on%2015%20January%202018


 

 

hummingbird interaction networks in urban areas: Generalization and the importance of trees with 

specialized flowers as a nectar resource for pollinator conservation. Biol Conserv 230:187-194 

 

Maass JM (1995) Conversion of tropical dry forest to pasture and agriculture. In: Bullock H, 

Mooney A, Medina E (Ed) Seasonally dry tropical forests, Cambridge University Press, 

Cambridge, England, pp. 399–422 

 

Memmott J, Waser NM, Price MV (2004) Tolerance of pollinator networks to species extinctions. 

Proc R Soc Lond B 271:2605–2611 

Mizrahi A, Ramos-Prado J, Jiménez-Osornio J (1997) Composition, structure, and management 

potential of secondary dry tropical vegetation in two abandoned henequen plantations of Yucatan, 

Mexico. Forest Ecol Manag 96:273–82  

 

Montgomerie R, Gass C (1981) Energy limitation of hummingbird populations in tropical and 

temperate communities. Oecologia 50:162–165 

 

Morán B (1970) Regionalización agrícola de Guatemala. M.Sc. thesis. Instituto Interamericano de 

Ciencias Agrícolas. Costa Rica.  

 

Mukherjee S, Benejee S, Basu P, Saha G, Aditya G (2018) Butterfly-plant network in urban 

landscape: Implication for conservation and urban greening. Acta Oecol 92:16-25 

 

Nájera A (2006) The conservation of the thorn scrub and dry forest habitat in the Motagua Valley, 

Guatemala: promoting the protection of a unique ecoregion. Iguana 13:184–191 

 

Ollerton J, Erenler H, Edwards M, Crockett R (2014) Extinctions of aculeate pollinators in Britain 

and the role of large-scale agricultural changes. Science 346:1360-1362 

 

Ollerton J, Winfree R, Tarrant S (2011) How many flowering plants are pollinated by animals?  

Oikos 120:321–26 



 

 

Olesen JM, Jordano P (2002) Geographic patterns in plant-pollinator mutualistic networks. Ecol 

83:2416–2424 

 

Ortiz-Pulido R, Diaz A, Valle-Diaz O, Fisher D (2012) Hummingbirds and the plants they visit in 

the Tehuacán-Cuicatlán Biosphere Reserve, Mexico. Rev Mex Biodivers 83:152-163 

 

Ortiz-Pulido R, Diaz A, Valle-Díaz O, Fisher D (2012) Hummingbirds and the plants they visit in 

the Tehuacán-Cuicatlán Biosphere Reserve, Mexico. Rev Mex Biodivers 83:152-163 

 

Owens IP, Bennett PM (2000) Ecological basis of extinction risk in birds: habitat loss versus 

human persecution and introduced predators. Proc Natl Acad Sci 97:12144–12148 

 

Potts S, Imperatriz-Fonseca V, Ngo H, Aizen M, Biesmeijer J, Breeze T, Dicks L, Garibaldi L, 

Hill R, Settele J, Vanbergen A (2016) Safeguarding pollinators and their values to human well-

being. Nature 540:220–229 

 

Poulin B, Lefebvre G, Mcniel R (1993) Variation in bird abundance in tropical arid and semiarid 

habitats. Ibis 135:432-441 

 

Rico–Gray V, García–Franco JG (1992) Vegetation and soil seed bank of successional stages in 

tropical lowland deciduous forest. J Veg Sci 3:617–624 

 

Sanaphre-Villanueva L, Dupuy J, Andrade J, Reyes-García C, Jackson P, Paz H (2017) Patterns 

of plant functional variation and specialization along secondary succession and topography in a 

tropical dry forest. Environ Res Lett 12  055044  

 

Santo de Araujo (2018) Robustness of plant-plant networks with different levels of habitat 

modification and interaction intimacy. Network biol 8(2):55-64. 

 

Sanaphre-Villanueva L, Dupuy JM, Andrade1 JL, Reyes-García C (2017) Patterns of plant 

functional variation and specialization along secondary succession and topography in a tropical 



 

 

dry forest, Environ Res Lett 12 055004 

 

Senapathi D, Goddard M, Kunin W, Baldock K (2017) Landscape impacts on pollinator 

communities in temperate systems: evidence and knowledge gaps. Funct Ecol 31:26-37.   

 

Stiles FG (1985) Seasonal pattern and coevolution in the hummingbird-flower community of a 

Costa Rican subtropical forest, In: Buckley PA, Morton MS, Ridgley RS, Buckley FG (ed), Ornith. 

Monogr. 36, Washington, DC, pp 757–787 

 

Stouffer PC, Bierregaard RO (1995) Effects of forest fragmentation on understory hummingbirds 

in Amazonian Brazil.  Conserv Biol 9:1085–1094 

 

Sugihara G, Schoenly K, Trombla A (1989) Scale invariance in food web properties. Science 245: 

48–51 

 

Sonne J, Kyvsgaard P, Maruyama P, Vizentin-Bugoni J, Ollerton J, Sazima M, Rahbek C, 

Dalsgaard B (2016) Spatial effects of artificial feeders on hummingbird abundance, floral 

visitation and pollen deposition. J Ornithol 157:573-581  

 

Tucker C, Munroe D, Nagendra H, Southworth J (2005) Comparative spatial analyses of forest 

conservation and change in Honduras and Guatemala. Conserv Soc 3:174–200. 

 

Vanbergen AJ (2013) The Insect Pollinators Initiative. Threats to an ecosystem service: pressures 

on pollinators. Front Ecol Environ 11:251–259.  

 

Weller AA, Kirwan GM, Boesman P (2018) Cinnamon Hummingbird (Amazilia rutila) In: del 

Hoyo J, Elliott A, Sargatal J, Christie DA, de Juana E (ed) Handbook of the Birds of the World 

Alive. Lynx Editions, Barcelona https://www.hbw.com/node/467217 on 15 January 2018. 

Accessed 10 February 2019  

 

https://www.hbw.com/node/467217%20on%2015%20January%202018


 

 

DISCUSIÓN GENERAL 
 

Diversidad de colibríes en distintos niveles de perturbación antrópica  

La riqueza de especies de colibríes y el número de registros que obtuvimos en el área de estudio 

no cambió en relación al nivel de perturbación antrópica. La alta resiliencia de colibríes ante 

distintos niveles de perturbación antrópica se ha observado en otros ensambles de colibríes en 

ambientes alterados (Snow & Snow, 1972; Stouffer & Bierregaard, 1995) y posiblemente se 

relacione con el comportamiento generalista de las especies de colibríes dominantes del área de 

estudio (Snow & Snow, 1972) y la plasticidad de varias de estas para emplear ecotonos y áreas de 

borde como sitios de forrajeo (Banks-Leite, et al., 2010). Características como la alta capacidad 

de vuelo de los colibríes, que les permite cruzar áreas abiertas y perturbadas (Hadley & Betts, 

2009), y una dieta generalista, les permite ser más resistentes a la perturbación en comparación 

con otros gremios de aves como los insectívoros (Stouffer y Bierregaard, 1995; Thiollay, 1997). 

El ensamble de colibríes del Valle de Motagua probablemente perciba el paisaje de esta área como 

moderadamente modificado, en comparación con especies con capacidades de dispersión más 

pobres (Mcintyre & Hobbs, 1999). Sin embargo, la persistencia de los colibríes en hábitats 

alterados no implica necesariamente que la perturbación no tenga un impacto sobre ellos. Por 

ejemplo, dos estudios diferentes realizados en paisajes agrícolas, encontraron que incluso los 

colibríes altamente móviles evitan cruzar áreas muy abiertas en su camino hacia parches de bosque 

(Hadley & Betts, 2009; Volpe et al., 2016). Un impedimento en la movilidad de los colibríes en 

este tipo de hábitats podría tener un impacto en su efectividad para transferir el polen entre las 

plantas de una misma especie (Hadley & Betts, 2009), afectando así la reproducción de las plantas.  

 

La baja riqueza relativa y la naturaleza generalista del conjunto de colibríes en el valle de Motagua 

podrían ser el resultado de la pérdida de especies sensibles a la perturbación en respuesta a la 

intensa transformación del hábitat y altos niveles de perturbación inducidos por el hombre (Ewers 

& Didham, 2006) que han estado presentes en el área por más de 100 años (Bray, 2010; Chazdon 

et al., 2011; Janzen, 1986; Maass, 1995). En su estudio, MacGregor-Fors y Schondube (2011) 

encontraron que las áreas de bosque seco tropical transformados en campos de cultivo y pastizales 

tenían comunidades de aves con menor riqueza de especies que los encontrados en bosques 

primarios. Especies endémica y especies de aves quasi-endémicas, que tienden a ser más sensibles. 



 

 

a la perturbación (Julliard, Jiguet, & Couvert, 2003), estuvieron mal representados en estos hábitats 

estructuralmente simplificados. Además, Gillespie (2000) encontró que las especies de aves que 

requieren de los bosques secos sólidos no estaban presentes en áreas grandes pero perturbadas, lo 

que sugiere que la perturbación puede tener un papel importante para determinar la presencia de 

especies de aves sensibles en este tipo de hábitat. No obstante, debido a que los bosques secos 

tropicales de Mesoamérica han tenido una historia muy similar de perturbación y debido a que los 

registros colibríes antes de la intensa degradación de estos bosques son escasos, no es posible llegar 

a conclusiones precisas sobre el papel de la degradación del hábitat en la posibilidad de pérdida de 

especies de colibríes en el valle de Motagua. Adicionalmente, sería necesario determinar si los 

colibríes se están reproduciendo en hábitats alterados del sitio de estudio o si requieren áreas sin 

perturbaciones para reproducirse. En este respecto, se necesitan más estudios para documentar sus 

requisitos específicos de reproducción, ya que estos pueden limitar su distribución y abundancia. 

 

Efecto de la estacionalidad sobre el número de interacciones colibrí-planta registradas en el área 

de estudio  

La estacionalidad mostró un impacto notable en el número de interacciones colibrí-planta 

registradas en el valle de Motagua. Encontramos que el número de colibríes registrados y el 

número total de plantas con flores utilizadas por los colibríes fue mayor durante la estación seca. 

Esto dio lugar a un mayor número de especies que pudieron interactuar, lo que condujo a un 

aumento de las interacciones en esta temporada. Aparentemente, el efecto de la estacionalidad en 

el número de interacciones colibrí-planta en el bosque seco tropical está en parte relacionado con 

los regímenes cíclicos de precipitación y una estación seca marcada que crean patrones de floración 

que a su vez pueden afectar la riqueza y abundancia de colibríes (Abrahamczyk & Kessler, 2015). 

La correlación positiva encontrada en este estudio entre el número de colibríes registrados y la 

disponibilidad de flores apoya esta idea. En los bosques secos tropicales, la floración ocurre 

comúnmente durante la estación seca (Bennett et al., 2014: Borchert, 1996; Frankie et al., 1974); 

y muchas plantas de hoja caduca producen grandes cantidades de flores durante la época del año 

cuando la precipitación es mínima (Holbrook et al., 1995). Seguramente, y como ha sido señalado 

por otros estudios, durante los periodos de baja disponibilidad de recursos las especies de colibríes 

del valle del Motagua expanden su área de forrajeo o se movilizan latitudinalmente en busca de 

recursos alimenticios (Arizmendi & Ornelas, 1990).  



 

 

 

Efecto de del tipo de hábitat (bosque tropical seco o área agrícola) sobre el número de 

interacciones colibrí-planta registradas en el área de estudio  

 

El tipo de hábitat no influyó en el número de interacciones colibrí-planta registradas en el sitio de 

estudio. Este dato sugiere que, a escala local, el número de interacciones resultantes entre los 

colibríes y sus plantas asociadas no cambia significativamente si el hábitat es un bosque seco 

tropical o es área agrícola. Esto probablemente se relaciona en parte con el hecho de que las 

especies de colibríes más abundantes en el área de estudio (Amazilia rutila y Chlorostilbon 

canivetii), que estuvieron involucradas en la mayoría de las interacciones registradas, son especies 

generalistas que están presentes en hábitats transformados y perturbados por el hombre, así como 

en una vegetación natural más preservada (del Hoyo et al., 2018; Stiles et al., 2018; Weller et al., 

2018). Además, la mayoría de las especies de plantas que interactúan con estos colibríes son 

hierbas y arbustos que crecen en los bordes de bosques secos tropicales, áreas abiertas o áreas 

verdes que los agricultores dejan cuando realizan la limpieza para actividades agrícolas. Entre 

algunas de ellas estan Caesalpinia affinis Hemsl., Pedilanthus tithymaloides (L .) Poit., Nopalea 

guatemalensis Rosa y hierbas del género Ipomea. Asimismo, la mayoría de los sitios agrícolas 

tienen remanentes de bosque seco tropical en distintos estados de regeneración cercanos, por lo 

que los recursos florales estaban disponibles a través de los niveles de perturbación, como lo 

demuestra la diferencia no significativa en la abundancia de flores entre hábitats. Además, como 

se mencionó anteriormente, estos resultados también podrían estar reflejando la pérdida de 

especies de colibríes y plantas más sensible a la perturbación debido a la degradación histórica de 

los bosques secos de la región, y por ende la posible pérdida de interacciones colibrí-plantas en el 

sitio de estudio.   

 

Comparación de atributos de redes de bosque seco tropical y áreas agrícolas del Valle del 

Motagua 

Como se ha observado anteriormente en otras redes polinizador-planta (Aizen et al., 2012; 

Maruyama et al., 2019), en el Valle de Motagua, la transformación del hábitat natural condujo a 

una red más generalista. Una mayor generalización indica una menor dependencia de cada especie 

en unos pocos socios exclusivos. El aumento de la generalización en los sitios agrícolas se debe 



 

 

probablemente a la menor riqueza de especies de plantas y la menor selectividad en las visitas de 

colibríes a estas especies de plantas, lo que disminuyó la especialización de la complementariedad 

de la red. En este contexto, los hábitats antrópicos se caracterizan por tener especies que son menos 

selectivas en sus vínculos ecológicos, lo que resulta en una gran conectividad dentro de estas redes 

(Santo de Araujo, 2018). Este dato sugiere que la transformación del bosque seco tropical conduce 

a una comunidad menos funcionalmente diversa y, en consecuencia, a una red de interacción más 

generalizada. La generalización de la red agrícola puede tener efectos contrastantes en relación 

con la conservación y la solidez de las interacciones planta-polinizador. En términos de valor para 

la conservación, es importante preservar redes con interacciones especializadas. En términos de 

solidez de la comunidad ante las perturbaciones antropogénicas, una alta especialización puede 

reducir la competencia entre colibríes, lo que aumenta la probabilidad de transferencia de polen 

entre plantas conspecíficas, lo que beneficia tanto a los colibríes como a las plantas. Por otro lado, 

la alta especialización de recursos también puede hacerlos más vulnerables a las extinciones de 

sus socios mutualistas (Dalsgaard, et al., 2018). 

 

En nuestro sitio de estudio, la red de bosque seco tropical mostró una mayor diversidad de socios 

mutualistas y una mayor diversidad de interacciones, lo que refleja una comunidad más rica y una 

distribución más uniforme de enlaces en esta red en comparación con la red de áreas agrícolas 

(Kaiser-Bunbury & Bluthgen, 2015). Esta última condición está asociada con una mayor robustez 

funcional a nivel de comunidad, dado que los riesgos de perder un enlace o una especie completa 

se distribuyen de manera más uniforme en toda la red (Kaiser-Bunbury & Bluthgen, 2015). Una 

mayor diversidad de socios también puede contribuir a la persistencia y el funcionamiento de un 

ecosistema, ya que la diversidad funcional de las plantas y los polinizadores pueden, por ejemplo, 

contribuir al éxito reproductivo y la persistencia de las comunidades de plantas (Fontaine et al., 

2005). Nuestros resultados también mostraron que en el bosque seco tropical los colibríes tienen 

un conjunto más diverso de especies de plantas con flores que interactuar. Un mayor número de 

diversidad de socios en el bosque seco tropical reduce la dependencia de los colibríes en unas 

pocas especies de plantas, aumentando así la robustez de los colibríes a diferentes tipos de 

alteraciones estocásticas y antropogénicas en hábitats más naturales (Kaiser-Bunbury & Bluthgen, 

2015). El mayor número de especies asociadas a los colibríes en el bosque tropical seco también 

explica la mayor resistencia de esta red a la pérdida de plantas. 



 

 

 

Especies de Colibríes y plantas clave con fines de conservación 

Para conservar, e incluso restaurar (LaBarColin et al., 2014), las interacciones de polinización 

dentro de paisajes modificados por el hombre, un paso importante es obtener información sobre 

las especies polinizadoras más importantes para el mantenimiento de una comunidad planta-

polinizador y establecer qué plantas son preferidas por los polinizadores en un lugar determinado 

para mejorar la disponibilidad de recursos (Mukherje et al., 2018). En este estudio, se identificó a 

Amazilia rutila y Chlorostilbon canivetii, las dos especies de colibríes residentes más abundantes 

en el Valle de Motagua, como los polinizadores más relevantes en el sitio de estudio. Estas especies 

generalistas realizaron la mayoría de interacciones registradas y funcionaron como importantes 

conectores de red, ya que en ambas redes (de bosque seco tropical y agrícola) contribuyeron a 

conectar la mitad o más de la mitad de las especies de plantas (Martínez-Gonzáles et al., 2010). 

Debido a su comportamiento generalista, condición residente y a su gran abundancia, estas dos 

especies de colibríes son una buena opción como objetos de conservación para la preservación de 

la comunidad de plantas-colibríes en el área de estudio.  

 

Especies altamente conectadas como estas son esenciales para la cohesión de la red, porque su 

eliminación puede conducir a cascadas de extinciones secundarias, con un fuerte impacto en la 

comunidad de plantas y en la integridad de las redes de interacciones (Kaiser-Bunbury et al., 2010; 

Memmott et al., 2004). También se considera que estas especies generalistas tienen un papel clave 

en la evolución y persistencia de las comunidades de polinización (Bascompte et al., 2003; 

Memmott et al., 2004). En este estudio, los polinizadores más relevantes para las redes de colibríes 

se seleccionaron principalmente en base a que presentaron las mayores proporciones de 

interacciones entre todos sus compañeros de interacción. Esto indica que más especies de plantas 

dependen de estas especies específicas para la polinización (Bascompte et al., 2006). Sin embargo, 

es importante tener en cuenta que la efectividad de un polinizador (para contribuir a la producción 

de semillas de las plantas visitadas) puede verse influida por muchos otros factores, como la 

duración de la visita a las flores (Boyd, 2004; Ivey et al., 2003), el tamaño corporal del polinizador 

(Garibaldi et al., 2015), e incluso el comportamiento de forrajeo del polinizador (Bosch & Blas, 

1994). Adicionalmente, nuestros datos también señalan la importancia de conservar a las especies 

de colibríes menos abundantes del área ya que para estas especies se registraron interacciones 



 

 

únicas en el área, como en el caso de Archilocus colubris e Ipomea trífida y Heliomaster constantii 

y Tecoma stans.  

 

En relación a las especies de plantas importantes como recurso para los colibríes y la estructura de 

las redes de polinización, como se observa en otros bosques tropicales (Arizmendi & Ornelas, 

1990; Cardoso-Araujo & Sazima, 2003; Stiles, 1985), la mayoría de las especies de plantas 

visitadas por colibríes fueron hierbas, arbustos y epífitas. Hierbas como Ipomea trifida e Ipomoea 

hederifolia, y arbustos como Caesalpinia affinis, Cnidoscolus urens y Pedilanthus tithymaloides 

se identificaron como recursos relevantes para el ensamble de colibríes en el sitio de estudio. La 

mayoría de las plantas con flores utilizadas por los colibríes presentaron una gran abundancia de 

flores por individuo y se ubicaron con frecuencia en los bordes del bosque seco tropical, vegetación 

de crecimiento secundario y áreas abiertas. De hecho, ninguna de las plantas visitadas por colibríes 

fue cultivada, en cambio, en áreas agrícolas visitaron flores que crecen en los bordes de los cultivos 

o en los bordes de los remanentes del bosque seco tropical cercano. Esto último señala la 

importancia de los remanentes de hábitat naturales y seminaturales para proporcionar recursos 

esenciales para los polinizadores dentro de los paisajes agrícolas que pueden ayudar a mantener 

los servicios de polinización en los ecosistemas (Jauker et al., 2009). En este sentido, también es 

posible emplear las especies de plantas nativas identificadas en este estudio como importantes 

recursos alimenticios para colibríes en actividades de restauración de los bosques secos del área 

con iniciativas como corredores verdes y cercos vivos. Además, en áreas semiurbanas y urbanas 

se pueden implementar jardines para colibríes empleando las plantas registradas en este estudio 

como recursos atractivos para las especies más generalistas.   

CONCLUSIONES GENERALES 
 

Los resultados del estudio mostraron la persistencia de los colibríes en áreas con distintos niveles 

de perturbación antrópica, probablemente relacionado con el comportamiento generalista de las 

especies residentes dominantes del lugar y debido a la disponibilidad de recursos alimenticios para 

colibríes en diferentes niveles de perturbación. Sin embargo, estos datos deben tomarse con 

precaución pues el estudio se realizó a una escala local y los resultados a una escala mayor podrían 



 

 

ser distintos. El análisis espacial podría proporcionar una mejor comprensión del efecto de la 

perturbación inducida por el hombre en la riqueza y abundancia de colibríes en el sitio de estudio.   

 

Nuestros datos sugieren que, a escala local, la estacionalidad es un predictor más fuerte, que el tipo 

de hábitat, del número de interacciones de colibrí-planta que se pueden registrar en el Valle de 

Motagua. La aparente falta de respuesta del número de interacciones en relación con el tipo de 

hábitat probablemente esté relacionada con la naturaleza generalista del ensamblaje de colibríes y 

plantas del sitio de estudio que permite que las plantas y los colibríes persistan y formen nuevas 

interacciones en similar número en ambientes perturbados y transformados.  

 

Nuestros datos también sugieren que, aunque los conjuntos de colibríes-plantas pueden persistir 

en ambientes agrícolas, la conversión de los hábitats naturales puede causar cambios en los 

patrones de las interacciones mutualistas. En el estudio observamos que la red de bosque seco 

tropical mostró una mayor diversidad de socios mutualistas y una mayor diversidad de 

interacciones, lo que refleja una comunidad más rica y una distribución más uniforme de enlaces. 

Esta condición está asociada con una mayor robustez funcional a nivel de comunidad, dado que 

los riesgos de perder un enlace o una especie completa se distribuyen de manera más uniforme en 

toda la red. Una mayor diversidad de socios también puede contribuir a la persistencia y el 

funcionamiento de un ecosistema, ya que la diversidad funcional de las plantas y los polinizadores 

pueden, por ejemplo, contribuir al éxito reproductivo y la persistencia de las comunidades de 

plantas. Nuestros resultados también mostraron que en el bosque seco tropical los colibríes tienen 

un conjunto más diverso de especies de plantas con flores con las que interactuar, lo que aumenta 

la robustez de los colibríes a diferentes tipos de alteraciones antropogénicas en hábitats más 

naturales.  

 

Nuestros datos también indican la importancia de conservar los restos de bosque seco alrededor 

de las tierras de cultivo para la persistencia de los colibríes y el servicio que brindan a las plantas 

nativas. También recomendamos la implementación de estrategias que contribuyan a la 

conservación de colibríes en áreas de bosques tropicales secos degradados y que se transformen, 

como el enriquecimiento de sitios con plantas atractivas para colibríes como las registradas en este 



 

 

estudio incluyendo a Ipomea trífida, Ipomoea hederifolia, Caesalpinia affinis, Cnidoscolus urens 

y Pedilanthus tithymaloides.  

 

RECOMENDACIONES GENERALES 
 

Proponemos que para lograr la conservación de los polinizadores y plantas nativas del bosque seco 

tropical del Valle de Motagua en Guatemala, es necesario incorporar un mayor número de áreas 

naturales y seminaturales al Sistema Nacional de Áreas Protegidas del país. Sin embargo, dado 

que es una pequeña cantidad de tierra que aún tiene potencial para esta actividad, se recomienda 

convertir las tierras agrícolas de esta región en áreas más amigables con la biodiversidad, 

combinando la producción con la protección de la biodiversidad (Kearns et al., 1998). Las tierras 

agrícolas podrían gestionarse para alentar a las poblaciones de polinizadores proporcionando una 

sucesión estacional de plantas forrajeras adecuadas, incluidas las registradas en este estudio como 

un buen recurso floral para los colibríes. El enriquecimiento de los recursos florales para colibríes 

y otros polinizadores se podría realizar tanto en entornos agrícolas mediante el establecimiento de 

cercas vivas e incluso jardines para polinizadores. 

 

 

 



 

 

LITERATURA CITADA 
 

Abrahamczyk, S. & Kessler, M. (2015). Morphological and behavioural adaptations to feed on 

nectar: how feeding ecology determines the diversity and composition of hummingbird 

assemblages. Journal of Ornithology, 156:2, 333-347.  

 

Aizen, M.A., Sabataino, M. & Tylianakis, J.M. (2012) Specialization and rarity predict nonrandom 

loss of interactions from mutualist networks. Science, 335, 1486 -1489. 

 

Araujo, A., Sazima, M. (2003). The assemblage of flowers visited by hummingbirds in the 

“capões” of Southern Pantanal, Mato Grosso do Sul, Brasil. Flora, 198:427–435 

 

Arizmendi, M. C., & Ornelas, J. F. (1990). Hummingbirds and their floral resources in a tropical 

dry forest in México. Biotropica, 22, 172–180. 

 

Bascompte, J., Jordano, P., Melián, C. & Olesen, J. (2003). The nested assembly on plant-animal 

mutualistic networks, PNAS, 100:16, 9383-9387. 

 

Bascompte J. & Jordano P. (2007). Plant‐animal mutualistic networks: the architecture of 

biodiversity, Annual Review of Ecology, Evolution, and Systematics, 38, 567–93. 

 

Bennett, J., Clarke, R., Thomson, J. & MacNally, R. (2014). Variation in abundance of 

nectarivorous birds: does a competitive despot interfere with flower tracking?, Journal of Animal 

Ecology, , 83, 1531–1541. https://doi.org/10.1111/1365-2656.12245 

 

Boch & Blas, (1994). Foraging Behaviour and Pollinating Efficiency of Osmia cornuta and Apis 

mellifera on Almond (Hymenoptera, Megachilidae and Apidae). Applied Entomology and 

Zoology, 29:1, 1-9.  

 

Borchert, R. (1996). Phenology and flowering periodicity of Neotropical dry forest species: 

evidence from herbarium collections. Journal of Tropical Ecology, 12:65 



 

 

 

Boyd, E. A. (2004). Breeding system of Macromeria viridiflora (Boraginaceae) and geographic 

variation in pollinator assemblages. American Journal of Botany, 91, 1809–1813. 

 

Cardoso-Araujo, A. & Sazima, M. (2003). The assemblage of flowers visited by hummingbirds 

in the “capões” of Southern Pantanal, Mato Grosso do Sul, Brazil, Flora, 198, 427-435.  

 

Chazdon, R. L., Harvey, C., Martínez-Ramos, M., Balvanera, P., Schondube, S., Avila-Cabadilla, 

L. D., & Flores-Hidalgo, M. (2011). Tropical dry forest biodiversity and conservation value in 

agricultural landscapes of Mesoamerica. In: R. Dirzo, H. S. Young, H. A. Mooney, & G. Ceballos 

(Eds.). Seasonally Dry Tropical Forests: Ecology and Conservation (pp. 195–2019). USA: Island 

Press. 

 

Dalsgaard, B., Kennedy, J., Simmons, B., Baquero, A., Gonzalez, A., Timmermann, A., 

Maruyama, P., McGuire, J., Ollerton, J., William, J. & Rahbek, C. (2018). Trait evolution, resource 

specialization and vulnerability to plant extinctions among Antillean hummingbirds. I: 

Proceedings of the Royal Society B: Biological Sciences, Bind 285, Nr. 1875, 20172754.  

 

del Hoyo, J., Collar, N., Kirwan, G.M. & Boesman, P. (2018). Canivet's Emerald (Chlorostilbon 

canivetii). In: del Hoyo, J., Elliott, A., Sargatal, J., Christie, D.A. & de Juana, E. (eds.). Handbook 

of the Birds of the World Alive. Lynx Edicions, Barcelona.  

 

Feisinger, P. (1976). Organization of a tropical guild of nectarivorous birds. Ecological 

Monography, 46: 257–291. 

 

Fontaine, C., Dajoz, I., Meriguet, J. & Loreau, M. (2006). Functional Diversity of Plant–Pollinator 

Interaction Webs Enhances the Persistence of Plant Communities. Plos Biology, 4:1, 0129-0135.  

 

Frankie, G. W., Baker, H.G. & Opler, P. (1974). Comparative phenological studies of trees in 

tropical wet and dry forests in the lowlands of Costa Rica. Journal of Ecology, 62, 881-919.  

 



 

 

Garibaldi, L. A., Bartomeus, I., Bommarco, R., Klein, A. M., Cunningham, S. A., Aizen, M. A., 

… Morales, C. L. (2015). Trait matching of flower visitors and crops predicts fruit set better than 

trait diversity. Journal of Applied Ecology, 52(6), 1436–1444. 

 

Hadley, A., & Betts, M. (2009). Tropical deforestation alters hummingbird movement patterns. 

Biology Letters, 5, 207–210. 

 

Harvey, E., Gounand, I., Ward, C.L., Altermatt, F. (2017). Bridging ecology and conservation: 

from ecological networks to ecosystem function. Journal of Applied Ecology, 54:2, 371–379. 

 

Holbrook N.M., Whitbeck J.L. & Mooney H.A. (1995) Drought responses of neotropical dry forest 

trees. In Seasonally Dry Tropical Forests (eds S.H.Bullock, H.A.Mooney & E.Medina), pp. 243–

276. Cambridge University Press, Cambridge, UK. 

 

Ivey, C. T., Martinez, P., & Wyatt, R. 2003. Variation in pollinator effectiveness in swamp 

milkweed, Asclepias incarnata (Apocynaceae). American Journal of Botany, 90: 214–225.  

 

Janzen, D. H. (1988). Tropical dry forests: the most endangered major tropical ecosystem. Pages 

130–137 in E. O. Wilson, editor. Biodiversity. National Academy of Sciences, Washington, D.C. 

Jordano, P. 1987. Patterns of mutualistic interactions in pollination and seed dispersal: 

connectance, dependence, and coevolution. American Naturalist, 129, 657–677. 

 

Jauker, Diekotter, Schwarzbach & Wolters, 2009. Pollinator dispersal in an agricultural matrix: 

opposing responses of wild bees and hoverflies to landscape structure and distance from main 

habitat, Landscape Ecology, 24:4, 547-555.  

 

Kaiser-Bunbury, C. & Blüthgen, N.  (2015). Integrating network ecology with applied 

conservation: a synthesis and guide to implementation. AoB PLANTS, 7, plv076; 

doi:10.1093/aobpla/plv076  

 



 

 

Kearns, C.A., Inouye, D.W. & Wasser, N.M. 1998. Endangered mutualisms: the conservation of 

plant-pollinator interactions. Annual Review of Ecology and Systematics, 29, 83–112.  

 

Lindell, C., Chomentowski, W. & Zook, J. (2004). Characteristics of bird species using forest and 

agricultural land covers in southern Costa Rica, Biodevirsity and Consevation, 13, 2419-2441.  

 

Maass, J. M. (1995). Conversion of tropical dry forest to pasture and agriculture. In: H. Bullock, 

A. Mooney, & E. Medina (Eds.). Seasonally dry tropical forests (pp. 399–422). Cambridge, 

England: Cambridge University Press. 

 

Machado, I. C., López, A. V. (2004) Floral traits and pollination systems in the Caatinga, a 

Brazilian tropical dry forest. Annals of Botany, 94: 365–376. 

 

McGregor-Fors, I. & Schondube, J. (2011). Use of Tropical Dry Forests and Agricultural Areas 

by Neotropical Bird Communities, Biotropica, 43:3, 365-370.  

 

McIntyre, S., & Hobbs, R. (1999). A framework for conceptualizing human effects on landscapes 

and its relevance to management and research models. Conservation Biology, 13, 1282–1292. 

 

Martínez-Gonzáles, A., Dalsgaard, B. & Olesen, J. 2010. Centrality measures and the importance 

of generalist species in pollination networks, Ecological Complexity, 7, 36-43.  

 

Maruyama, P., Bonizárioa, C. Marconc, P., D'Angelod, G., da Silvae, M., da Silva, E., Oliveiraa, 

P., Sazimaf, I., Sazimab, M., Vizentin-Bugonig, J., Anjosh, L., Ruic, A. & Marçal, O. (2019). 

Plant-hummingbird interaction networks in urban areas: Generalization and the importance of trees 

with specialized flowers as a nectar resource for pollinator conservation. Biological Conservation, 

230, 187-194.  

 

Memmott, J., Waser, N.M. & Price, M.V. (2004). Tolerance of pollinator networks to species 

extinctions. Proceedings of the Royal Society of London B, 271, 2605–2611. 

 



 

 

Montgomerie, R. & Gass, C. (1981). Energy limitation of hummingbird populations in tropical 

and temperate communities. Oecologia, 50,162–165 

 

Mukherjee, S., Benejee, S., Basu, P., Saha, G. & Aditya, G. (2018). Butterfly-plant network in 

urban landscape: Implication for conservation and urban greening. Acta Oecologica, 92, 16-25.  

 

Ollerton, J., Winfree R., & Tarrant S. (2011). How many flowering plants are pollinated by 

animals?. Oikos, 120: 321–26. 

 

Ortiz-Pulido, R., Diaz, A., Valle-Diaz, O. & Fisher, D. (2012). Hummingbirds and the plants they 

visit in the Tehuacán-Cuicatlán Biosphere Reserve, Mexico. Revista Mexicana de Biodiversidad, 

83, 152-163.  

 

Potts, S., Imperatriz-Fonseca, V., Ngo, H., Aizen, M., Biesmeijer, J., Breeze, T., Dicks, L., 

Garibaldi, L., Hill, R., Settele, J. & Vanbergen, A. (2016). Safeguarding pollinators and their 

values to human well-being, Nature, 540, pages 220–229.  

 

Santos de Araujo, W. (2018). Robustness of plant-plant networks with different levels of habitat 

modification and interaction intimacy. Network biology, 8(2), 55-64. 

 

Snow, B., & Snow, D. (1972). The feeding ecology of hummingbirds in a Trinidad valley. Journal 

of Animal Ecology, 41, 471–485. 

 

Sonne, J., Kyvsgaard, P., Maruyama, P., Vizentin-Bugoni, J., Ollerton, J., Sazima, M., Rahbek, C. 

& Dalsgaard, B. (2016). Spatial effects of artificial feeders on hummingbird abundance, floral 

visitation and pollen deposition, Journal of Ornithology, 157, 573-581.  

 

Stiles, F. G.1985. Seasonal pattern and coevolution in the hummingbird-flower community of a 

Costa Rican subtropical forest. In : P. A. Buckley; M. S. Morton; R. S. Ridgley & F. G. Buckley, 

(eds.): Neotropical Ornithology. Washington, DC. 757–787. 

 



 

 

Stiles, F.G., Kirwan, G.M. & Boesman, P. (2018). Plain-capped Starthroat (Heliomaster 

constantii). In: del Hoyo, J., Elliott, A., Sargatal, J., Christie, D.A. & de Juana, E. (eds.). Handbook 

of the Birds of the World Alive. Lynx Edicions, Barcelona. 

 

Stouffer, P. C. & Bierregaard, R. O. Jr. (1995): Effects of forest fragmentation on understory 

hummingbirds in Amazonian Brazil. Conservation Biology, 9: 1085–1094. 

 

Thiollay, J. M. (1997). Disturbance, selective logging and bird diversity: A Neotropical forest 

study. Biodiversity Conservation, 6, 1155–1173. 

 

Tucker, C., Munroe, D., Nagendra, H., & Southworth, J. (2005). Comparative spatial analyses of 

forest conservation and change in Honduras and Guatemala. Conservation and Society, 3, 174–

200. 

 

Weller, A.A., Kirwan, G.M. & Boesman, P. (2018). Cinnamon Hummingbird (Amazilia rutila). 

In: del Hoyo, J., Elliott, A., Sargatal, J., Christie, D.A. & de Juana, E. (eds.). Handbook of the 

Birds of the World Alive. Lynx Edicions, Barcelona.  

 

 


	Portada

	Índice

	Resumen

	Introducción

	Capítulo 1. Artículo: Bustamante-Castillo, M., Hernández-Baños, B. & Arizmendi, MC. 2018. Hummingbird Diversity and Assemblage Composition in a Disturbed Tropical Dry Forest of Guatemala. Tropical Conservation Science, 11:1-15

	Capítulo 2. Artículo: Hummingbird - Plant Visitation Networks in Agriculture and Forested Areas in a Tropical Dry Forest of Guatemala

	Discusión General

	Conclusiones Generales

	Recomendaciones Generales

	Literatura Citada


