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RESÚMEN GENERAL DE TESIS 
 

Factores que definen la calidad del néctar de flores quiropterofílicas en el bosque caducifolio de Jalisco, 

México: ¿la planta o las preferencias del polinizador? 

 

Para entender si el néctar de flores quiropterofílicas: i) es una característica constante y relativamente conservada 

entre especies de plantas relacionadas filogenéticamente, o si ii) sus características coinciden con las preferencias 

de un tipo particular de polinizadores, (i.e. los murciélagos), es necesario describir las variaciones naturales en las 

características del néctar de las plantas quiropterofílicas para poder inferir sobre el efecto que la variación natural en 

estas características tiene sobre la selección de recursos de los murciélagos nectarívoros en campo.  

 

El hecho de que las flores quiropterofílicas comparten características en común y secretan néctares con una 

composición similar de azúcares, sugiere a la vez que, los murciélagos preferirán las características dominantes en 

su dieta natural (CAPÍTULO 2), para lo que se determinó el papel que ejerce la composición de azúcares en el 

néctar sobre las decisiones de forrajeo en dos especies de murciélagos nectarívoros con diferentes estrategias de 

uso de néctar: Leptonycteris yerbabuenae y Glossophaga soricina.  Los murciélagos no mostraron ninguna 

preferencia entre los tipos de azúcar cuando las soluciones tenían la misma concentración.  Sin embargo, L. 

yerbabuenae prefirió soluciones concentradas sobre diluidas independientemente del tipo de azúcar.  Ambas 

especies de murciélagos perciben a las hexosas y sacarosa como energéticamente equivalentes.  Los resultados 

sugieren que la evolución de la composición de azúcares en el néctar de flores polinizadas por murciélagos, no está 

determinada por las preferencias de los murciélagos, y que existen otros factores intrínsecos a la planta que pueden 

estar moldeando la composición de azúcares en las flores polinizadas por murciélagos. 

 

Debido a que los aminoácidos son componentes frecuentes del néctar, se ha sugerido que pueden tener un papel 

importante en la atracción y nutrición para algunos de sus polinizadores.  El efecto de los aminoácidos sobre la 

selección de recursos alimentarios en murciélagos aún no ha sido estudiado, por lo que la segunda meta de este 

trabajo (CAPÍTULO 3) consistió en determinar el papel que ejercen los aminoácidos del néctar sobre las decisiones 

de forrajeo en dos especies de murciélagos nectarívoros con diferentes estrategias de uso de néctar: Leptonycteris 

yerbabuenae y Glossophaga soricina.  En este capítulo evalué: 1) el papel del néctar como fuente de nitrógeno, 2) el 

papel de la concentración de aminoácidos en relación a la concentración de azúcares, y 3) el papel del sabor que los 

aminoácidos proporcionan al néctar sobre la selección del alimento de murciélagos nectarívoros.  Los resultados 
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mostraron que: 1) los murciélagos fueron indiferentes a néctares con concentraciones contrastantes de nitrógeno 

simulando las concentraciones encontradas en plantas quiropterofílicas en su sitio de estudio, lo que sugiere que el 

néctar no es una fuente de nitrógeno importante para los murciélagos nectarívoros.  2) los murciélagos fueron 

indiferentes a néctares suplementados con nitrógeno, a concentraciones contrastantes de azúcares.  Sin embargo, 

Leptonycteris yerbabuenae prefirió el néctar más concentrado cuando éstos no fueron adicionados con nitrógeno, lo 

que sugiere que la presencia de nitrógeno en el néctar podría reducir su capacidad para diferenciar entre las 

concentraciones totales de néctar (18 vs. 27%);  3) Leptonycteris yerbabuenae prefirió el sabor de los aminoácidos 

presentes en el néctar de Pachycereus pecten (Cactaceae) sobre el de Ceiba aesculifolia (Malvaceae).  Los 

resultados sugieren que los aminoácidos del néctar pueden afectar las decisiones de forrajeo en los murciélagos 

nectarívoros, independientemente de las bajas concentraciones en las que están presentes en el néctar floral. 

 

El néctar floral es la recompensa más importante para los polinizadores.  La composición de azúcares del néctar 

puede verse afectada por factores bioquímicos, ecológicos y evolutivos; sin embargo, su influencia sobre la 

composición final de azúcares del néctar de plantas quiropterofilícas se desconoce.  La tercera meta de este trabajo 

(CAPÍTULO 4), consistió en determinar: a) la composición de azúcares, el volumen y la concentración total en el 

néctar de plantas quiropterofílicas; b) si la composición de azúcares está relacionada con el volumen y la 

concentración del néctar; y c) cómo las estrategias de floración de las plantas afectan las características del néctar.  

Los resultados mostraron que las plantas quiropterofílicas producen néctares dominados por sacarosa (1 especie), 

ricos en sacarosa (2 especies), ricos en hexosas (8 especies), y dominados por hexosas (1 especie).  Los 

porcentajes de fructosa obtenidos en este estudio son más altos que los de glucosa en casi todas las especies (11 

de un total de 12).  Las relaciones entre los porcentajes de azúcares y el volumen y concentración del néctar fueron 

no significativas.  Por último, especies de plantas con floración masiva por noche producen néctares diluidos de 

hexosas mientras que plantas que ofrecen pocas flores por noche tienen néctares más concentrados con mayores 

proporciones de sacarosa.  Los resultados sugieren la existencia de otros mecanismos, además de la digestión de 

sacarosa en el nectario, que pueden estar involucrados al momento de determinar la composición final de azúcares 

en el néctar en las especies de plantas quiropterofílicas analizadas.  Entre la comunidad de plantas quiropterofílicas 

hay dos estrategias en la producción de néctar que podrían estar relacionados con los costos de energía asociada a 

la producción de flores y néctar. 
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En conclusión, los resultados obtenidos en este estudio rechazan la hipótesis de que los murciélagos nectarívoros 

tienen preferencia por los azúcares más comunes en su dieta natural.  El hecho de que la concentración de 

aminoácidos en el néctar tiene la capacidad de confundir a los murciélagos para distinguir entre concentraciones de 

azúcares y, que algunos murciélagos tienen preferencias por el sabor que los aminoácidos proporcionan al néctar de 

especies de plantas específicas, sugiere que las plantas pueden estar utilizando la variación en esta característica 

para atraer a los animales nectarívoros.  Finalmente, las características del néctar de plantas quiropterofílicas no 

parecen ser el resultado de las preferencias de los murciélagos, sino de los factores bioquímicos, ecológicos y 

evolutivos de la planta. 
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Factors that determine nectar quality of chiropterophylic flowers in the Tropical Dry Forest of Jalisco, Mexico: the 

plant or pollinator preferences?  

 

To understand whether the nectar of chiropterophylic plants: i) is constant and relatively conserved among 

phylogenetically related plant species, or ii) if their actual traits match the preferences of a particular pollinator type 

(bats), it is necessary to describe the natural variations in the nectar traits of chiropterophylic plants to infer about the 

effect that natural variation in these traits has on resource selection of nectar by bats in the field.  

 

The fact that chiropterophylic flowers share common characteristics and secrete nectars with similar sugar 

composition, suggests that the bats prefer the dominant traits present in their natural diet (Chapter 2), for which we 

determined the role of the nectar sugar composition on the foraging decisions on two species of nectar bats with 

different strategies of nectar use Leptonycteris yerbabuenae and Glossophaga soricina. The bats showed no 

preference between sugar types when test solutions had the same concentration. However, L. yerbabuenae 

preferred concentrated over diluted solutions regardless the sugar type. Both bat species perceive hexoses and 

sucrose as energy equivalent. The results suggest that changes in the sugar composition of nectar in chiropterophylic 

flowers is not determined by the preferences of bats, and other factors intrinsic to the plant that may be shaping the 

sugar composition in chiropterophylic flowers.  

 

Since amino acids are common components of nectar, it has been suggested that they may have an important role in 

the attraction and nutrition for some of its pollinators. The effect of the amino acids on the food resources selection in 

bats has not been studied, so the second goal of this work (Chapter 3) was to determine the role of the nectar amino 

acids on foraging decisions in two nectar-feeding bat species with different strategies of nectar use Leptonycteris 

yerababuenae and Glossophaga soricina. In this chapter I evaluated: 1) the role of nectar as nitrogen source, 2) the 

role of the amino acid concentration in relation to the total nectar concentration, and 3) the role of taste that nectar 

amino acids provide to nectar on the foraging decisions of nectar feeding bats. The results showed that: 1) the bats 

were indifferent to nectars with contrasting nitrogen concentrations as found in field, suggesting that nectar is not an 

important nitrogen source for nectar bats. 2) the bats were indifferent to contrasting nectar concentrations (18 vs. 

27%) when they were added with nitrogen, suggesting that the presence of nitrogen in nectar may reduce their ability 

to differentiate between the total nectar concentration and,  3) Leptonycteris yerbabuenae consistently preferred the 
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taste of amino acids present in the nectar of Pachycereus pecten (Cactaceae) over Ceiba aesculifolia (Malvaceae). 

The results suggest that nectar amino acids may affect the foraging decisions of nectar bats, regardless of the low 

concentrations which are present in floral nectar of chiropterophylic plants.  

 

The floral nectar is the most important reward for pollinators. Sugar composition of nectar may be affected by 

biochemical, ecological and evolutionary factors, but its influence on the final sugar composition of chiropterophylic 

plants is unknown. The third goal of this work (Chapter 4) was to determine: a) the nectar sugar composition, volume 

and total concentration of nectar from chiropterophylic plants b) if the sugar composition is related to the volume and 

nectar concentration, and c) how the flowering strategies of plants affect nectar traits. The results showed that 

chiropterophylic plants produce sucrose dominated nectar (1 species), sucrose rich nectar (2 species), hexoses rich 

nectar (8 species) and hexoses dominated nectar (1 species). The percentages of glucose in nectar, different those 

of fructose, may be explained by the sucrose digestion in the nectary by the activity of the invertase enzyme. There 

was a negative relationship between the sucrose percentage and the nectar volume. Finally, species of plants that 

produce massive flowers per night offer hexoses and diluted nectar while plants that produce few flowers per night 

have more concentrated nectar with higher proportions of sucrose. The results suggest the existence of other 

mechanisms in addition to the sucrose digestion in the nectary, which may be involved in determining the final sugar 

composition in the nectar of chiropterophylic plants. Among the chiropterophylic plant community, two strategies in 

nectar production were found, that could be related to energy costs associated with the flower and nectar production 

of flowers and nectar.  

 

In conclusion, the results obtained in this study reject the hypothesis that nectar bats have a preference for the 

dominant sugars in their natural diet. The fact that the amino acids concentration in nectar has the ability to confuse 

the bats to distinguish between sugar concentrations, and that some bats have a preference for the taste that nectar 

amino acids provide to specific plant species, suggests that plants may be using the variation in this feature in nectar 

to attract animals. Finally, the nectar traits of chiropterophylic plants seem to be the result of the biochemical, 

evolutionary and ecological factors related with the plant and not the result of the food preferences of bats. 
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CAPÍTULO 1. 

 
INTRODUCCIÓN GENERAL 
 

 

Síndromes de polinización 
 
 

Los distintos tipos de polinizadores ejercen diferentes presiones de selección en los caracteres florales 

(Fenster et al 1991).  Stebbins (1970) sugiere que las características de las flores deben ser moldeadas por aquellos 

polinizadores que las visiten más frecuente y más efectivamente en la región donde están evolucionando. Se ha 

planteado que las preferencias de los polinizadores por ciertas características de las plantas de las que se alimentan 

han actuado como presiones selectivas que han moldeado estos elementos florales (Faegri & Van der Pijl 1979).  

Esto da como resultado, por un lado, grupos de plantas con características florales similares y por el otro, que los 

polinizadores se vean obligados a evolucionar características morfológicas y fisiológicas comunes.  Por lo que se 

asume que estas innovaciones compartidas son el resultado de una evolución convergente, lo que ha sido definido 

como síndromes de polinización (Faegri & Van der Pijl 1979, Baker et al 1998).  Bajo este contexto, las plantas 

cuyas flores son visitadas por los miembros de un mismo gremio de polinizadores tienden a tener una composición 

floral similar (forma, color, y esencias) y a secretar néctares con una composición similar de azúcares con 

concentraciones y volúmenes de néctares similares (Baker et al 1998), que sirven para atraer a un tipo particular de 

polinizador.  Por lo tanto, los síndromes de polinización son de gran utilidad para entender los mecanismos de la 

diversificación floral.  Sin embargo, el concepto de síndromes de polinización, implica que los sistemas de 

polinización sean del tipo especialista (Waser et al 1996, Johnson & Steiner 2000).   

 

En general, las flores polinizadas por aves son de color amarillo y en algunos casos tienden al rojo brillante, 

con corolas alargadas y angostas, y producen néctar diluido y abundante (Faegri & van der Pijl 1979).  Las flores 

polinizadas por abejas son de colores amarillos o azules, poseen pistas para el aterrizaje, y producen néctares 

concentrados dominados por sacarosa (Wilson et al 2004).  Las flores polinizadas por esfíngidos son de color blanco 

o de tonalidades pálidas, de tamaños grandes, sus formas son tubulares y tienen una gran cámara nectarial.  Las 

flores polinizadas por murciélagos presentan corolas blancas, amarillentas o pálidas, con pétalos resistentes y 

muchas anteras con grandes cantidades de polen.  Generalmente se encuentran en lugares expuestos.  La apertura 
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floral es nocturna, la flor permanece abierta sólo por una noche y en algunos casos, por unas cuantas horas de la 

mañana (Grant & Grant 1979, Gibson & Nobel 1986, Howe & Westley 1988).  La producción de néctar es elevada, 

se inicia poco antes de la apertura de la flor y se va incrementando a medida que avanza la noche y desciende al 

amanecer (Faegri & van der Pijl 1979, Howe & Westley 1988, Valiente-Banuet et al 1996, Petit & Freeman 1997).  

Las flores polinizadas por murciélagos en el Neotrópico ofrecen en su mayoría néctares ricos en hexosas (Baker & 

Baker 1983). 

 

Sistemas especialistas y generalistas 

 

En general, una planta es considerada como un sistema de polinización especialista si es polinizada 

exitosamente por un tipo o por un grupo funcional reducido de polinizadores (taxonómicamente relacionados o no).  

Estos polinizadores se comportan de manera similar en la flor, ejerciendo una presión de selección convergente 

sobre diversas características florales (Armbruster et al 1993, Fenster et al 2004).  La ventaja de este tipo de 

polinización es la reducción de competencia por polinizadores (excluyendo otros tipos de polinizadores), y la 

disminución de la transferencia de polen interespecífico.  Sin embargo, la polinización especialista ha sido 

considerada crítica para la especiación y radiación de las Angiospermas (Armbruster 1993, Johnson et al 1998).  En 

este contexto, las plantas cuyas flores son visitadas por los miembros de un mismo gremio de polinizadores tienden 

a tener una composición floral similar (forma, color, y esencias; Faegry & van der Pijl 1979) y a secretar néctares con 

atributos (calidad y cantidad) similares para atraer a un tipo particular de polinizador (Baker & Baker 1982, 1983, 

Baker et al 1998). 

 

En la biología de la polinización, el carácter longitud de corola, ha sido considerado como uno de los 

principales rasgos florales que determinan una estrecha interacción con sus polinizadores (Faegri & van der Pijl 

1966, Fenster 1991, Wilson & Thompson 1996).  Para ser polinizadas, las flores con largas corolas requieren los 

servicios de animales con adaptaciones morfológicas particulares.  Estas características a su vez, restringirían sus 

posibilidades de obtener la recompensa floral, limitándolos a los organismos realizar visitas a flores con 

características morfológicas similares y, como consecuencia, estimulando la especialización conjunta.  Las especies 

con largas corolas producen altos volúmenes de néctar y tienen grandes cantidades de azúcar (Dafni & Neal 1997).  

Entonces, también se puede afirmar que las flores que presentan alto volumen de néctar dominado por sacarosa, 

http://www.scielo.sa.cr/scielo.php?pid=S0034-77442001000100026&script=sci_arttext&tlng=es#Gibson%23Gibson
http://www.scielo.sa.cr/scielo.php?pid=S0034-77442001000100026&script=sci_arttext&tlng=es#Howe%23Howe
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son especializadas.  Según Baker & Baker (1998), las diferencias en la composición química del néctar de las 

plantas representan adaptaciones a tipos particulares de polinizadores.  Por ejemplo las especies con largas 

longitudes de corola, presentan néctares ricos o dominantes en sacarosa.  Incluso, se ha encontrado una relación 

entre el contenido promedio de aminoácidos en el néctar y el tipo de polinizador, desde 0.3mM en el caso de flores 

polinizadas por murciélagos y aves en el Viejo Mundo hasta 12-15 mM en flores polinizadas por moscas (Baker y 

Baker 1982).  Por ejemplo, las flores polinizadas por esfíngidos son de colores pálidos, poseen largas y profundas 

corolas que permiten la deposición del néctar en la base y producen néctares concentrados a bajos volúmenes y 

dominados por sacarosa.   

 

La incrementada especialización, sin embargo, en ocasiones provoca que los organismos sean más 

susceptibles a las variaciones en la disponibilidad de los recursos en un tiempo determinado.  Los murciélagos que 

son extremamente nectarívoros especializados (como Choeronycteris), están obligados a hacer largas migraciones 

para asegurar un suplemento alimenticio adecuado o en dado momento a cambiar su dieta hasta donde su 

especialización se los permita, a los recursos que en ese momento estén disponibles como frutos.  

Los patrones fenológicos de una planta dependen de la coevolución con sus polinizadores.  En la polinización 

especialista, las plantas presentan periodos de floración largos con pocas flores disponibles por noche durante todo 

el periodo de floración.  Este fenómeno ocasiona que los visitantes aprendan la ubicación y hagan visitas 

repetidamente.  Además los visitantes se mueven entre plantas de la misma especie más constantemente.  Un 

pequeño número de flores no atrae a animales oportunistas, por lo que la polinización es por un tipo de animal, por 

ejemplo murciélagos nectarívoros que se alimentan básicamente del néctar.  Las flores de estructura campanulada y 

la hora de secreción de néctar restringe la diversidad de visitantes y la posibilidad de transferir polen a otras 

especies de plantas, lo que a su vez, reduce impacto de baja constancia floral entre polinizadores (Heithaus 1982).  

Este patrón de floración se conoce con el término de “steady-state” y promueve el trap-linning (tipo de forrajeo en 

donde se siguen rutas específicas. ie. en murciélagos). 

 

En otro escenario, existe una gran cantidad de evidencia que muestra que una amplia variedad de plantas 

pueden ser polinizadas exitosamente por un diverso espectro de visitantes.  Estos visitantes son usualmente de 

diverso origen taxonómico (Renner 1998), y no dependen caracteres florales (Gómez & Zamora 1999, Herrera 1988, 

1996).  El tipo de polinización generalista es favorecido cuando la disponibilidad del polinizador más efectivo no es 
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predecible temporalmente (Steven & Steiner 2000).  Las características generalistas de las plantas promueven el 

reemplazo espacio temporal de polinizadores, y permiten mantener una interacción ecológica sin consecuencias 

especie-específicas coevolutivas aparentes.  En este tipo de polinización se presenta mayor variación fenotípica de 

las características florales que en las especies especialistas (Herrera 1996, Waser et al 1996).  Además se sabe que 

este tipo de polinización es menos frecuente.  Las plantas bajo este sistema presentan fuerte selección direccional 

en características florales (Steven & Steiner 2000).  Esta variación es importante ya que es la base de la flexibilidad 

evolutiva.  Adicionalmente, las especies que son polinizadores efectivos o agentes de dispersión en otros sistemas, 

pueden sostenerse de alimentos diversos en periodos de escasez.  Más importante, esta variación reduce la 

dependencia de un animal a una planta dada que pueda variar en densidad o en disponibilidad, afectando así a la 

especie animal.  Al mismo tiempo, si las plantas reciben servicios de polinizadores con diferentes características 

pueden limitar la habilidad de las plantas a responder a la coevolución a las características específicas de una o más 

especies (Heithaus 1982).  Contrario a lo propuesto para flores especialistas, en este tipo de flores la longitud de la 

corola es menos profunda o son flores peniceladas o muy largas si son campanuladas, en donde los estambres, el 

pistilo y el néctar están completamente expuestos sin restringir el acceso a polinizadores (Baker et al 1998). 

 

Entre las plantas que son visitadas por más de un taxón esta el caso del Saguaro.  Esta planta es polinizada 

por murciélagos, pero también puede ser polinizada por abejas y palomillas con pérdidas de 16% y 28% de tasa de 

producción del semillas respectivamente, comparado con plantas polinizadas por Leptonycteris sanborni (Alcorn 

1961).  En la polinización generalista, el patrón de floración se conoce con el término de “big-bang”.  Las plantas 

presentan periodos de floración cortos, lo que reduce la posibilidad de coincidir en tiempo de floración con otras 

especies.  Producen un gran número de flores por noche.  Este tipo de floración atrae a animales oportunistas, 

incluso a animales que generalmente no incluyen néctar en su alimentación pero que pueden promover el polen 

entre conespecíficos (Heithaus 1982).  

 

Murciélagos nectarívoros como polinizadores 
 
 

Mientras que las respuestas fisiológicas y morfológicas de las características de las plantas han 

incrementado el potencial en que los murciélagos explotan los recursos, el comportamiento de los murciélagos 

determina los beneficios recibidos por ambos grupos (plantas y murciélagos).  Lo que los murciélagos comen, como 

tratan a su alimento, y en donde se mueven son los componentes críticos de las interacciones entre plantas y 
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animales (Fleming et al. 2009).  La efectividad de la polinización por las diferentes especies de murciélagos varía 

dependiendo del contacto con los estambres y pistilos en plantas conspecíficas (Heithaus 1982). 

 

Se ha estimado que aproximadamente 250 de las 850 especies de murciélagos dependen total o 

parcialmente de las plantas como recurso de alimento ya sea néctar, polen o frutos (Hutcheon et al 2002).  Los 

murciélagos nectarívoros pertenecen a dos familias (Simmons 2005, Fleming et al 2009): Pteropodidae y 

Phyllostomidae.  Los miembros de la familia Pteropodidae (suborden Yinpterochiroptera; Fleming et al 2009), son 

comúnmente conocidos como mega-chirópteros o zorros voladores.  Se distribuyen en regiones tropicales y 

subtropicales de África (incluyendo Madagascar), Asia (incluyendo Indonesia), Australia, Papua, Nueva Guinea y las 

islas del Pacífico (Fleming et al 2009).  Los miembros de la familia Phyllostomidae (suborden Yangochiropthera), son 

comúnmente denominados murciélagos de hoja nasal.  Habitan en regiones tropicales y subtropicales de América 

(Fleming et al. 2009).  El uso de las plantas, ya sea por frugivoría o nectarivoría, se desarrolló convergentemente en 

estas dos familias (Hutcheon et al 2002).  Las plantas polinizadas por murciélagos se encuentran distribuidas en 67 

familias y 28 órdenes de angiospermas, de las cuales, 23 son exclusivamente visitadas por pteropódidos, 26 por 

filostómidos y 18 por ambos (Fleming et al 2009).  Los murciélagos de ambas familias juegan un papel importante en 

la polinización de muchas especies de plantas.  Por ejemplo, los pteropódidos visitan 168 especies de plantas de 

100 géneros y 41 familias, y los filostómidos visitan 360 especies de plantas de 159 géneros y 44 familias. 

 

El tamaño relativo del cráneo es una característica que coloca a los murciélagos nectarívoros aparte de los 

otros gremios de murciélagos, ya que es relativamente largo debido en gran parte a la expansión de las regiones 

olfatoria, visual, neocortical y cerebelar (Hutcheon et al 2002).  Presentan una reducción de dientes incisivos, 

especialmente si poseen lenguas largas y la porción distal de la lengua está cubierta por papilas filiformes que 

facilitan la extracción de néctar (Freeman 1995).  La familia Phyllostomidae está conformada por las subfamilias 

Glossophaginae, Phyllonycterinae y Brachyphyllinae, denominadas comúnmente como clado Glossophaginae, que 

contiene 16 géneros y 38 especies (Simmons 2005).  Los murciélagos filostómidos son de tamaño pequeño a 

mediano con un peso promedio de 14 g (7.5 – 30 g; Fleming & Muchala 2008).  Sus alas son morfológicamente más 

diversas y ligeras comparadas con las de los murciélagos pteropódidos, y parecen estar diseñadas para un vuelo 

lento y maniobrable (Fleming 1982).  Con respecto a la orientación, los filostómidos se basan en la audición y 
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ecolocación laríngea (Freeman 1995, Hutcheon et al 2002).  La ecolocación está presente en todos los miembros de 

la familia Phyllostomidae (Fleming 1982).   

 

Los murciélagos filostómidos utilizan la audición, el olfato y la ecolocación para identificar los sitios donde se 

encuentran flores disponibles.  Usualmente hacen múltiples visitas rápidas revoloteando (hovering) en frente de las 

flores y generalmente tienen una duración de menos de un segundo (Horner et al1998, Quesada et al 2003, von 

Helversen & Winter 2003).  En menor porcentaje, los murciélagos se cuelgan de las flores para obtener el néctar 

(Arias-Cóyotl et al 2006).  Los filostómidos generalmente hacen visitas cortas en cada una de las flores, visitan 

varias flores en una planta y luego visitan otra planta para posteriormente regresar a la primera.  Dependiendo de la 

especie de murciélago, forrajean en grupo (Leptonycteris yerbabuenae; Horner et al 1998) o prefieren el forrajeo 

solitario (Glossophaga soricina; Lemke 1984).  El pico en alimentación coincide con la máxima secreción de néctar 

(Nassar et al 1997).  Los patrones de forrajeo de estos organismos están determinados tanto por los patrones 

fenológicos de las especies que visitan (Stoner et al 2003), así como por los mecanismos fisiológicos que afectan su 

comportamiento limitando la manera en que pueden utilizar diversos recursos presentes en el néctar (Hernández & 

Martínez del Río 1992, Ayala-Berdón et al 2008, Mancina et al 2008. 

 

El néctar floral 
 
 

Las plantas que dependen de animales como vectores bióticos para ser polinizadas, tienden a desarrollar 

mecanismos que atraen y recompensan a sus polinizadores para asegurar un mayor número de visitas (Simpson & 

Neff 1983).  Este tipo de recompensas son particularmente importantes cuando los polinizadores son recursos 

limitantes y las plantas compiten por su visita para asegurar su éxito reproductivo.  El néctar además del polen, 

constituye una de las recompensas florales más importantes ofrecidas a los polinizadores (Baker & Baker 1982, 

Simpson & Neff 1983). 

 

El néctar floral es una solución simple de azúcares disueltos en agua (Baker et al1998).  La energía 

contenida en el néctar es la recompensa más preciada para el polinizador.  Los azúcares principales son fructosa, 

glucosa (hexosas o azúcares simples), y la sacarosa (disacárido; Baker et al 1998).  El néctar contiene con gran 

frecuencia, además de azúcares, otras sustancias, como aminoácidos, lípidos, proteínas, ácido ascórbico, iones e 

incluso alcaloides (Baker & Baker 1977).  Debido a que los aminoácidos después de los azúcares son componentes 
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frecuentes del néctar, se ha sugerido, que pueden tener un papel importante en la atracción y nutrición para algunos 

de sus polinizadores (Baker 1977, Baker & Baker 1973,1982, 1986, Baker et al. 1978, 1998,Gardener & Gillman 

2002). 

 

La composición de azúcares del néctar puede ser afectada tanto por factores bioquímicos, como por factores 

ecológicos y evolutivos (Nicolson 1998, Ornelas et al 2007). 

 

 

Factores bioquímicos 

 

La composición de azúcares en el néctar puede variar debido a cambios en la actividad de las enzimas en el 

nectario y a los procesos de osmorregulación causados por la presión osmótica generada por los diferentes 

azúcares (Nicolson, 1998; Nicolson & Fleming 2003).  Los azúcares del néctar se originan del floema, rico en forma 

de sacarosa (De la Barrera & Nobel 2004).   El néctar de sacarosa puede ser hidrolizado por la actividad de las 

enzimas invertasas en glucosa y fructosa, o puede ser secretado sin previa hidrólisis en forma de sacarosa (Nicolson 

2002; De la Barrera & Nobel 2004).  La composición final del néctar es determinada tanto por la actividad y la 

cantidad de enzimas invertasa en el nectario (Woodson & Wang 1987, Wenzler et al 2008).  Cuando la sacarosa es 

hidrólizada en hexosas, la osmolalidad del néctar aumenta, haciendo que el agua se mueva de las paredes del 

nectario al néctar, por lo que resulta en néctares más diluidos (Nicolson, 1998; 2002).  Como consecuencia, la 

composición de azúcares en el néctar puede afectar otras características del néctar, como el volumen y la 

concentración.  Por ejemplo, en plantas polinizadas por aves se ha observado una dicotomía entre la composición 

de azúcares y el volumen y la concentración del néctar.  En donde, los néctares dominados por hexosas son diluídos 

y abundantes, mientras que los néctares dominados por sacarosa son concentrados y menos abundantes (Baker & 

Baker 1982, Martínez del Río Baker & Baker 1992, Nicolson 1998, Nicolson & Fleming 2003, Lotz & Schondube 

2006).  Sin embargo, este patrón no ha sido evaluado en plantas chiropterofilicas. 

 

 

Factores Ecológicos y Evolutivos 
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La variación en la composición de azúcares, el volumen y la concentración del néctar también se ven 

afectados a niveles ecológicos y evolutivos.  Por una parte, desde el punto de vista de la planta, la inercia 

filogenética (Ornelas et al 2007), y los costos de producción de néctar y, por el otro, debido a la fisiología sus 

polinizadores.  Algunos autores han propuesto que la producción de néctar es costoso para la planta en términos de 

la inversión en energía necesaria para producirlo (Pleasants & Chaplin 1983, Pyke 1991, Ashman & Shoen 1997; 

pero ver Harder & Barrett 1992 y Golubov et al 2004). 

 

Por otra parte, las características presentes en el néctar han tratado de explicarse como adaptaciones de la 

planta para aumentar la frecuencia de visitas de los polinizadores potenciales como parte de un sistema de 

coevolución con los polinizadores (Simpson & Neff 1983).  Características como volumen y concentración total del 

néctar, composición de azúcares, proporciones sacarosa-hexosas, y tiempo de secreción del néctar han sido 

frecuentemente relacionados con la interacción entre flores y polinizadores (Baker & Baker 1983, Freeman et al 

1984, Bertin 1989, Stiles & Freeman 1993, Galetto et al 1998, Perret et al 2001, Pacini et al 2003, Wolff et al 2003).  

La existencia de los patrones florales arriba mencionados, sugiere a la vez que los distintos grupos de polinizadores 

tienden a preferir las características dominantes en su dieta.  La composición de azúcares en los néctares de plantas 

polinizadas por diferentes grupos de animales es un buen ejemplo de la diversidad que se supone, es moldeada por 

las preferencias de los polinizadores (Baker & Baker 1983).  Diversos estudios han llegado a la conclusión de que 

las preferencias de los polinizadores han actuado como presión de selección, moldeando las características del 

néctar (Heinrich & Raven 1972, Baker & Baker 1982, Martínez del Río et al 1989,1990, 1992, Erhardt 1991, Baker & 

Baker 1992, Baker et al 1998). 

 

Animales vertebrados nectarívoros y sus preferencias por el alimento 
 
 

Varios estudios muestran una relación positiva entre las preferencias de animales nectarívoros y la 

composición de su alimento (Stiles 1976, Martínez del Río 1990, Erhardt 1991, Martínez del Río et al 1992).  Para 

algunos grupos de polinizadores la composición de azucares en el néctar es una limitante.  Por ejemplo, se ha 

demostrado que aves Passerinas carecen de la sacarasa (enzima digestiva que de manera natural hidroliza la 

sacarosa en sus dos principales monómeros, glucosa y fructosa), razón por la cual, presentan aversión por los 

néctares que poseen sacarosa, y muestran preferencia por néctares dominados por glucosa y fructosa (Martínez del 
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Río et al 1989, 1990).  Estudios con plantas polinizadas por este tipo de aves demuestran que el néctar de estas 

especies es dominado por las hexosas glucosa y fructosa sobre sacarosa, lo que sugiere que los polinizadores han 

ejercido una fuerte presión de selección sobre las características del néctar (Dupont et al 2004).  

 

En contraste con los estudios que muestran una relación positiva entre las preferencias de aves nectarívoras 

y la composición de su alimento, en condiciones de laboratorio con murciélagos en condiciones de laboratorio con 

murciélagos filostómidos, en el único estudio realizado hasta el momento (Herrera 1999 a,), los murciélagos tienen 

preferencias por néctares ricos en sacarosa, a pesar de que los néctares secretados por las plantas polinizadas por 

murciélagos en el Neotrópico tienden a estar dominados por hexosas (glucosa y fructosa, Baker et al 1998).  En el 

estudio de Herrera (1999) se utilizaron soluciones de fructosa-glucosa en relación 1:1 contra soluciones de sacarosa 

y soluciones de una sola azúcar.  Aunque los resultados muestran que los murciélagos prefieren un azúcar que es 

diferente a los azúcares que dominan la dieta de estos animales, en este estudio se ofrecieron soluciones de 

azúcares particulares (e.g. soluciones de sacarosa vs. soluciones de glucosa o fructosa), las cuales son diferentes a 

las que se encuentran en la naturaleza.  Además, en este estudio se utilizaron como modelo experimental dos 

murciélagos frugívoros (Artibeus jamaicencis y Sturnira lilium) y uno nectarívoro (Anoura geoffroyi).  Ayala Berdón et 

al (2008) y Herrera y Mancina et al (2008), encontraron que en murciélagos que se alimentan de néctar, el consumo 

de los diferentes tipos de azúcares no parece estar limitado por la capacidad del intestino para procesarlos.  

Además, la actividad de la enzima sacarosa en el intestino de murciélagos filostómidos que se alimentan de néctar y 

frutas se ha encontrado en cantidades suficientes para asimilar la sacarosa presente en el néctar y frutas 

(Hernández & Martínez del Río 1992, Schondube et al 2001).  Lotz & Schondube (2006) y Herrera (1999 b) 

proponen que las aves y los murciélagos con una gran capacidad para digerir la sacarosa deberían de ser capaces 

de consumir todos los tipos de néctar, independientemente de la composición de azúcares. 

 

Justificación del estudio 
 
 

En general, los estudios que evalúan la relación entre las preferencias de los polinizadores y las 

características dominantes en su dieta natural, se han llevado a cabo utilizando información de la literatura acerca de 

la composición del alimento.  Esto genera dos problemas graves para la interpretación de los resultados.  Primero, 

en muchos casos el contenido de azúcares de la “dieta” se ha determinado utilizando información sobre especies de 
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plantas que no son consumidas por los animales estudiados, sino por especies cercanas taxonómicamente a ellos.  

Y segundo, cuando se han utilizado las especies de plantas presentes en su dieta, la información sobre contenido de 

azúcar en el néctar proviene de localidades distintas, lo que impide determinar si existe variación regional en la 

composición del néctar, y el efecto que esto pudiera tener sobre los patrones de selección de azúcares de los 

polinizadores. 

 

En este contexto, para entender si el néctar de flores quiropterofílicas: i) es una característica constante y 

relativamente conservada entre especies de plantas relacionadas filogenéticamente, o si ii) sus características 

coinciden con las preferencias de un tipo particular de polinizadores, (i.e. los murciélagos), es necesario describir las 

variaciones naturales en las características del néctar de las plantas quiropterofílicas para poder inferir sobre el 

efecto que la variación natural en estas características tiene sobre la selección de recursos de los murciélagos 

nectarívoros en campo.  

 

Estructura de la tesis 
 
 

Este estudio se dividió en tres capítulos.  El segundo capítulo, “Efecto de la composición y concentración 

de azúcares en el néctar sobre la selección de los recursos”, consistió en determinar el papel que ejercen la 

composición y concentración de azúcares en el néctar sobre las decisiones de forrajeo en dos especies de 

murciélagos nectarívoros con diferentes estrategias de uso de néctar: Leptonycteris yerbabuenae y Glossophaga 

soricina.  El tercer capítulo, “Los aminoácidos del néctar modifican la selección del alimento en murciélagos 

nectarívoros”, consistió en determinar el papel que ejercen los aminoácidos del néctar sobre las decisiones de 

forrajeo en dos especies de murciélagos nectarívoros con diferentes estrategias de uso de néctar: Leptonycteris 

yerbabuenae y Glossophaga soricina.  En este capítulo evalué: 1) la concentración de proteínas y aminoácidos, y la 

abundancia relativa de 17 aminoácidos en el néctar de 8 especies de plantas quiropterofílicas; 2) el papel del néctar 

como fuente de nitrógeno, 3) el papel de la concentración de aminoácidos en relación a la concentración de 

azúcares, y 4) el papel del sabor que los aminoácidos proporcionan al néctar sobre la selección del alimento de 

murciélagos nectarívoros.  Finalmente el cuarto capítulo, “Factores que afectan la composición de azúcares en 

plantas quiropterofílicas” consistió en determinar: a) la composición de azúcares, el volumen y la concentración 

total en el néctar de plantas quiropterofílicas; b) si la composición de azúcares está relacionada con el volumen y la 

concentración del néctar; y c) cómo las estrategias de floración de las plantas afectan las características del néctar. 
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I'" ,.u,.,mb,v. I k>ao< do.,.; .... "" ~' 3¡v.¡,:! ).OS .. ~.)1,· 

•
lIifli""'" 

2 ( llD2) 

Tnol. E.<fJ"ri""'''' I (SIloHDI) E'f'Orime" 2 (HDI :UO!) 

20'1>:20% ,~-, 27'1.·:1", [j'l-:Ij., , 1S1>:2n [J<ld%" 

sugm c01J(~nmllions and comJlO"ili01l.$ similar lo th= fOUM 
in mei. naDlral <MI (81em .. al. 2000: Fleming ~I al. 2C04: Lea 
:tOO SchorUub.. 2006 Marunez dd Río et .1. 1992). In bini;. 
preterenc~, lor "'gm cooc~nlTJ.lion ""d rompo.ili"" ",.111 lo be 
link..:! 10 lheir capac ilie. lo. ""úmil:Jtion <>f SU¡:ar, and m.ir 
abi lilies lo di fferemi!l!~ :Jlll-~ng sugm conc..-ur.l.ions (loa and 
Schoowbo 200S). /<.e'..,nhele ..... a laoordk>ry .u.r:ly o f bolS 
found no relaliQnmip betw",n .ugar composilion of chiTq>l<1"­
ophilous Ilow<os in me wild ""d sa~ar p.d~ren,,",s in L'oe 
lalxIat<I)l (H~n=t 1999). How.v~ •. i i. ooreworthy mal !hi. 
,[Udy wn coooncted "ndeT laboratory coooiions "'im 1fti fOC"Lal 
necUO" ron'~Rra!ion" 
T~ fUrtheT rest me conje:'ure m<ll sug'" l'ref"",nee, of 00'" 

coi 1J(ide wi m me composilLon 01 fIowtr neClar.; in natural ditlS 
\Ve namined me prto/eraJe," o( lhc Ncw Wrnid nectM-fceding 

00t. Sau."",,·s Iong-n"",,~ b.:I. (LepWII)'Curis curas"" .. ) and 
lhe long-Iongu~d !>al (G/Msopha¡:a s"ricin~: Phyllool:ntid"", 
GIo'iOphaginae,. w~ used necLm¡ with erologically ",alislic 
CompositiCfl and coo'~Rrntions, <imulalin¡; neclar 01' ¡low.,.'! 
coo,amed by tre.se rectarivorous ro.~ in !he ,",~ion. W~ pre-­
dicted lhal b .. , wo"1d prefer hoxose-<lomin .. <rl relativ~ lo 
sucrose-<lominaled neCtaJ'I ""d roncenlTJ.IVnS similar lo L'oe 
a",rage crncenr,uion Qf fIoweTll foun.! in natural ditl!l (18 %). 

Fmal y. we .... "''''''d wlrm ... bat.s pe"",'",d diffffi."TlI SU¡¡r COlT>­
p<lIIitions .. ~n .. getically .quival~R. W. ~xpe<red tila! ool!l 
would f"-""eiv~ diITerenl ""oludie", u e""'1!etically NJuiYa­

len!. indel"nden:ly of whem .. mey di",iminate betWe<l1 

na' .... compo"ihon'. 

iI ' l .\Tt:R 1AI.~ Al\'1J ,,1I,:l'IWIJS 

S",dy sife.- Ou. m.:ly was conwored a! Ihe Ch>mela­
Cuixmala Bi""~he,,, Re",rve on me cmtnl l~dCilic coasl of 
Mexiro (apfIOx imately 1'Y22'- I'Y35'N. 104"56'- IOS"03'W). 
Th~ I',..,lnmi"",. v~~"."ion 'YI'" i, rmpic~llllWl"m rtf't' Í<l"" .. 

foresl (l.om 1993). The", = 1.100 plan! 'pecies ,",c.roed al 
mig , ite, and lhe f1ow.n el al In" TI <p<eieg are vi, iled by 
bats (Slo",r et al. 2(03). L a.rasO<Je is a tlo •• e. specialisl 
(StCf1CT ct al. 2(03). wlrr=. G. 50rici"" i, a ncctariv<>rt lllal 
also f~eds on fruil ""d in>eas wlrn fIo"",r.; "'" unav:r.ilable 
(AI .. ",z el al. 1999: Hemn 1m). 

~ Itb 

o--- 1m -< 
r------ 'm ------~ 

>-----< 
7.2 cm 

t "lG. I._ fu!'"":",,e tlpcri "ltnt< "....., ",,,<1,,,,,«1 ",,',in .""ICNR' 
(2 x 3 x 3 m) "¡I<>wing ,rxli"'¡<.l..at bat, t<> fty fr«:ly. 'n.."" .nrlCNR' 

wm: pl..,«l ''''~LIl ti" ""'''''1 cm-,runrncn, 01 """,cat ay luIC>t 

W1rrt lIx: t>aIs '"= ca¡Murtd I'ttdo:r-> fio<<<I .ach <>ti"". 

N~cl"r.-To ~valuare ~'oe sug..- and conceRralion prd.r­
ences of balSo we JI'l'pared 3 milicial neclaTll equi,alml in 
su~ .... c~silvn:tOO coocenlnHion D nea..- ofbal-pollinated 
flo"",rs ccn.unrd by necbrivoruus bols in m~ Cltam..1a "'gion 
(T~N~ 1) N'""t~T ccrr~ n..,,,i,,n ,n.-l "'e~r enlT1!,,,,iti,,,, "",... 
mea,u..,,:J fm 3 of th. mosl common 'l"'cie< in IIr die! of OOlS 
(StoneT et al. 2(03): Ce;"" gTOIIdifloTa (ll()fTlbocEMr" " _ 35 

tlo"",TlI from 21 indi,·iduals). P"",uJooomhlH "Uiptic~m 
(Do-.-rbocacca<:' " _ 20 1'10""[,; fmm 3 individmri5). ""d 
AcauloQCtr",u occid"u"li. (CaclaCeae; n = 9 Aowln fmm 5 
indi.iduals). Th~ nun,b..T ()( tloweTll .",",ploo j>fJ" planl varied 
b..catJ.Se ef diff,,,,n,,,,, in t!owmng .mr.te,ie. :mong .pec;"s 
and me ditleren,,",s in !he numb..r 01' ~n tlewen amcng 
indi.iduals. MJlu", Ao"". buds we", c<J\'ered "ith "",sh OOp 
1 h before su"",l. O ... hQur afler anmesis, n<erar was umr.cted 

with capiUar)' glass ItIDeS wd l':aced on Whaumn No. 1 fiker 
pap<r (Sigma Chemical CompIly. SI. Louis, Mi.souri) for 
anal,sis of su~u composition. One drop eL nectu w'"' plar:ed 
on a hand ,..,fRctomet .. ""d cooc~ntr.llion wa, mea;ured in 

<uo"""" c"'JUiva"nl' (% ~"gar = (~u8ar rn"",/bt,,1 rna .. ) '" 
100). Su¡ar compo.ilion w,.; anal)'led using m~ mediam 
infu.-ed RreIle<"tance melhod (¡'10",. e' al. 2003',. 

C~u and ~OJ<si~1I (jI OOt.l".- 8.lS "'e", mplured ""d 
hu""",dy l"",dled .. ,de, ~,e guiddi"", ('UIII ~,e Oli~i"" de 
Fauna Sil.esn.. . Mexico, lo JfS (pennil FAUT -tl193).and me1 

guideline, aprrov~d by lile American Society ol Mlll1malo­
gists (Gar.oon .1 al. 2007). W~ "sed mi.1 neIS lo CapIU", aduh 
nonrefl'oductive males 0 1' IIr 2 .pecit •. Ahe. caplu",. balS 
w= tramferred lotlr laboratory and mairotai...,d in CGooiesof 
8 individual. inaluminumLaSl's (60 X 60 ~ 600n). BalS ""'''' 
fed me diet <lescribod bv Mirón 0Xl5) supp¡"mented wim 
a vil"",in ""d mineral mix (NEKTO;ll -Plm, I'fCTZ.hún, 
Gemumy ) ""d fruOIO'" ,.,d sucro", ( 50%:50%~ 800y m ....... . 
win, membran. elasticity. and hair condilion eL all balS .... as 
monilO~ dail)'. AII ba'" m~in"ined 00""':.11 body ma,. ""d 
appelRd heal!hy while in caplivity. ,\1 m. coodusion of OUT 
CXp<rimcTU, b.a ... wcrc rd"a.cd nI m< ClIP"'''' . ie. 

Prq"u.u I~I$.-We offered paiThofre'l diel, lo individual 
loa!.> i" hu!;'" lli~l~ ~.g'" (~ x 3 1'. 3 ".) i".,,,,,,,,,d wi~,i" ~",ir 
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natunol hal>ital in lile forot (Fig. 1). ""~de", ",,11' placed I m 
apan'l" beiglo. o ; I IR. Trial. la'ted 10 h ,,00 w~'" ~oOOucted 
from 1900 to 0500 h. Feed"", w .... filled and placed al 1900 h. 
Ttr amollll. ron,urned W'lS "",asured (g) and r""der fX"ition 
was s ... i!Che<! at tlr. middle of lbe exp<rim<.m a (()(Xl h to 
ev:l.lU:le potenlialpo, itional bi::,,~ (hckliOn'I::d. 1998). The 
amourl COO'lIIIl«l w .... remea,ured al 0500 h. A control feeder 
of each te.n di!."!. W:t'i placed oUl<ile !he ftiglt ca~~s lo a,"'" 
evapor.l.lirn. 111e", frede", ""''''' cov~red wi!h mesh ba,s 1<> 

pr<v..,t vi,i .. fTOm in""", '" bat>o No diIT"",n"" ... er< ob. 
served in any of Ihe corlrol (~er,; indi<:ating Ihal e' .. ponlion 
did n" ltCCount fer aJly liquid 10.1 during llr. "xp"ri"",rl 

E..ptrlmRltl l.- "ro [esl for _usar ..,d roaee,u,. lon pref­
~ ... n"" w~ off.red b:ot. 2 uperilI><nlal di .... . lb" diITe ... d in 
sugar comp,,,,ition and coocentr:l.lvn. One o r Ihe lest di,,!!; wa¡ 
SUC"TO"" dominated (SD: oorrposition: fruet"'" IF I: 28..97%. 
gl.cme [GI: 17.06%.sucrose 1St: j 3.9lI%) ""d tlr. crher wm 
he~_ domiruted (HOI : COIllp<><ition, F: 46.~2 %. G ; 39.ü%, 
S: 13.15%). n..,., tríal .... ,,,re conwcted "ith lIlese 2 lest diets. 
In Ihe I ,t trial. txJ:h d;'ts tnl Ihe sune total susar <on""nmtion 
(20% weiBtI:voluJTle Iw/YI). Thu,. in !his trial we oxamined 
!he p ... fer<"""" o r bau for . u&"" wilb differt."l1t ""m"""itiono. 
Allhoogh Ihe concentratioo of lbese te.st sclutioo' "'" Ihe 
salI><. the solutions diff=d _Iightly i., eo;ergeti<: ronlent. 111. 
HD diel connined approxirr.ately 2% I",s energy ~r unil 
volu me tlun Ihe SD d¡"t ( ...,. l'Ieming<l "l . 200-\). In tri..J~. w. 
te,ted diets lhal .imulated lbe natural roncml .. io,.; fwnd 
in 110.,,,,,, in Ihe field. Th" Stn05e die! (SD) .imalated A. 
ocr:ulmtaJ,s ..,d eontatn.d !7'ftJ ("'IV) 'Uglf. wherea< Ih. 
hu.,.. die! (HD1 ) .imula«d C. fI'"""d:j/OT~ and c""",ined 18% 
(w/v) .ug,... In trial 3 we inverted lhecOIrentralicns of mal 2. 
Too,. lre Sir"'''' diet ¡SD) eOrl";",,d 18% sugar wherea; Ih. 
hex""" diel (HD1 ¡ ronmine<! 27'-' (w,Iv ) . ugar. Trial, 2 ,.,d 1 
uami noo Ihe .ffeo! of . u;ar conc..,,,,ui,,,, "" lb_ pme .. nce , 
or Ih. balS. The 1 trial. wilb each of lbe 2 test di ..... we .. 
eonducted wilb 6 difi=nt indivtdual. of OOIh 'p''';", 1m 1 
con""uti .. nigha 

EXp"ri"",," l~A 2nd e"T"'rUnenul .. rie , wa I"'rformed 
using die[, ltul con';;ted ]rirrurily of h.xo ... but ..... ilh dif­
fering coment o ( suero,.,. We oITered ha. 2 h",,,,,,,-<lominated 
dl<!!; (HU! : 1": 46. 82'~. G: 3';1.43%. S: 1:1.7:1%; BId HU2: f ; 
41.58%. G: 23.05%. S: 35.)7%,. A:; in ul"'riment 1, lbi, 
e xperirner\l. consi .~d of 3 lrials. In tt.. 1 H lrial. l •• t die!> had 
lb. saIne co,"",nmtion (20%). Aplin. althou8h lbe Concentra­
Urn oJ Ih= l<'~l ",Iuoons w,.; Ihe~. tJr. ",IUDom dtr:~red 
di¡;;htly in e""'1letic conl<nl. In tri::d 2 lb~ te~t d~" h::ul lbe 
concentrati",,. fOlmd m lbe Jl.ld (HDI : 18%; H D2; 15%) and 
in trial 3 we inverted lile con<enu:uioos of nial 2 (HD1 : 15%. 
H1J2; I 8'::<; r.ble 1). Eacb mal was ""n<!ucted usmg b b.ats oí 
both ~I"'ei"" al 3 cOl1>"rnti"", nig. .. . 

Dan ar.alpis_-To ~stimate prd ... <fICe "'~ used lbe 1"3.tio of 
Ih. nighll y in!;"'stion of I of tt., te'l die!!; divid«l by t,.~ 
ntBh~r tngestlO'" p,d" .. rre = lt~esuoo of doet A )/ltotal 
insestion ). A p"'feren~e vol.., el 0.5 iOOirnleS Ints oomume 
both ",Iut:on. in <qual amouots (ManíneL del Rb 1<;90). We 
:m,in. "lJ=-ro<x tnnsfcnned tlr. data 10 nonrltlrn, pr<fer­
erre ,·alu,," (Zar Im)..,d ",.,d I-""mple ' -lests 10 test !h. 

null hypolhesl. Iha! p"'r ... ..,c. ",os oot signideaJ1ly tliffo:renl 
from 0.5. 
POSltiOM~1 hias€s.- Positional b;""'s in nectar-fecdin¡;: ani ­

mal, hI"'" been do;:umented (h chon'l al, 19918). A "",,sitimal 
bi .... is pre;eR ",hen an aJlimal teJlds to visit I o f Ihe f«de", 
indep,,"d ... tl yel lb" iderlil y or tlr. mlution in il. W" u<ed 
a ~ign test in • .,eh loitl lo a,,",ss wh. lber txn chan8"d ,ide, 
IOOre foeq"endy lhan expected by chance usooning a 0.5 
probability of side chIlge. We e'pected Ihal when Ints had 
a ,igniIK-ant I""f""",c~ ror a giv ... ,oluti"". lbi, p"fe"nce 
wuuld ,e;uh in a ,ide mange "pon moving th, """ilion or lb. 
femer. O:on-=I, . ... hen bal.S . howed 00 pn'"f=nc~. w. 
expec¡"d Ih,. ... isilS "'\luid be random ..,d eam [ •• der woold 
"''''i .... a OLmib .. 1IIlOunt o; "i, iu ( ¡.~ .. wilb :>. ~lIT1iw amou" el 
nectaJ" withdrn...,,). Tho sid. lbe bas 1'1 prefer is defin.d ... Ih. 
_,id. from ... ·hich lhey mnk lbe greatestanlOtmlOf necUJ" dll"ing 
!h~ 151 pan or Ihe ni¡1ll. A .ide <hange i, dcrumented when 
Ihey drink m<>:"e ""ctlIr from Ihe orher (""der during Ih~ 2nd 
half o f lbe nigll . 

EMergettc quiWJI,~ct.-To detennine whelh ... tal.< ~r­

cdved !he 'ligar.; in !he off"re~ wlutions as ''''''ieti<ally 
equiv,u.,nt. w~ del<nnined w¡"'lhe, an increa.., in <onsumption 
o f I sdutirn ",sulted lJ1 a .ignificanl decre""" in consurnption 
oftt., olh..-. and ... hether Ihe ma&nitude of lbis <lecr<"",, wa, 
,oosi'lerl ",im !he .... tio in eret-gJ ronterl oftlr. 2 .'k>l utlons, 
MI uunple. if Ih. conce .. ",tion. el lbe ~ t.'" .d ... ioTll< ....... 
~qa.,1. lben Ihe "'-pected .bpe of tite hne ",Iaun¡;: Ihe intal.:e el 
I ",Iution aga.:nst Ihal o r mo!her should t>e - 1. 111i. implie, 
!hal tnBestllg I g or I IOIUllOn would o,cr<ase!he tnta);e of Ihe 
ahemalive ooluli"" by I S, Wben the 1 ool ... ion o bad diff....,nt 
coocer.tralvn,. Ihe 51<1'" or [bis "'grtSsKm liJe ~ho ... d equa! 
lb. ratio o( !he 2 eoocentration, of the 2 le,l solutirn,. I"or 
enmpie. i~ Ih. solutioos had sugar conceo;tra ions o f 18% an~ 
27%, ""p"cli"" ly. Ihen Ih, upecled ,Iol" of Ihe line r<lati"ll 
innke of lb~ 18% sol"tion on Ihe y axis ... ilh Ihal of lbe 27% 
soJution on ti>:' ~ ni, should be "luallo - 27/18 = - !.S. In 
!hi, sl Dlarioo. m .,c",,,,,, ln !he ing""tion or I g o r lile H % 
",luti"" impli ... a de~rea .. or 15 S el lb. I R% ""Iulion. Th. 
o b5ervffi .tope fOl each b.ll f", each trial Wlt< ~stmated (SAS 
lmtitule- loe. 2003) by re",ling intak. of Ihe 2 I<sl ",Iution, 
u'llg !he Iollowtng Imear model: 

ó 

J. = Ilt + Ilt ~1 + L lli~i + L -. 
In lbi. model Y i. lb. cc",umptvn o( "¡"'Lon 1, ,1 i. lbe 
con.umption d" solutirn 2. !J t is lhe ."imate. o f!he cOlTITlOn 
,~ ",Jalng y aJld !J .. and ~; i. Ihe ··efSe.::t·· o f rol i on lb. 
tnt.",ept t u equal; U tl!h~ baI" ,."" , Ihan t and I tr ti ts bU ,), 
W. did not indude intenction te""s hec~"",, \Ve wo uld havo 
ended up ... ilb 8 possible mternetio",. which 0:11' .ery diflicult 
1<> irlerpre!. Our :q¡proarn ",cognize .. !hat ",me oots rnay havo 
dtffererl ~~s. bUl .,¡[tmates Ute ave",lll' slol'" and te,,, 
whelbu il diff.", flOm Ihat ''P''cted. He< .... "" "'" fouOO lhat 
animals S<nleti.tne. ate prt(eremially [)f altemate. solulions in 
Ihe 2 peri<Jds <Ítlr ni&hl (= ' ·Re,ull>.· ·). we includeddata f", 
borh lbe 1st J!1d 2nd hall <eL Ihe mgll. . Includtng !he", d,n 
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·h ..... l. 1'I<k..-- f", " ",. "fdi r~ >Ug~T """""" iI;"" ond 

rontcntr.ilñoo in 1 >¡J<cie .• of J>C(""; '"""" baL •. Pu;fct-a>ec ,al"", 
wt:I<; <'alnl l .. cd -lS 11", r"';o of C<Il.> wr"" i"" 01 I "f ,Ir ,<:; , di<1< 
ili , ded by "'" ,""" .,;#,~ in~~_. A prm«ooce w~ • .locm<d ,;g 
nil'i<an, .. ·""" ,hi> prtf~c .. as s;gnil'i<"",'y d~fc1C'O ' fro .. , 0.5 aflcr 
a 1 .. ~le 1<""( ' P < Oill, " P < 0.01, '" P < 0.0(1). 

E,pe_ I (S OllOl) Ex~, 2( 1I0 1: IID2) 

== O ..... '" OJ).¡ =- O.~~ '" M5 
27'.1:1~ 0.17 '" 01\3'" 18"",,IS% OJU '" !I.02'" 
18'1:27'1 o.n:!: 01\3'" IS~I&'I, 0.20 :!: !I.01'" 

' ,"'$f~""1!" "'8<1"" 
11 ... ·" ... n .... ~ nno; ~ .... ".,.., " 41 -<- (,"1 
27'.1:lh 0.31", 0(lS IS%:IS% 0.55 :!: O,OS 
'~%. !7 __ O,M' .W '5,",. WI, O.~, 0.03 

poirlS inc,,"....,d lhe mlge oí xl in 00' mal/ses and !has 
in~rca.",d Ibc ",,<ur~y ro.- <>tima.,ing Iho .1"""_,, lI>ing lhe 36 
da. ¡xi, .. (o. oach Di al (6l>ats x ~ ni~l. x 2 forn'; n¡! bouts 
1""" night). ~ t-I<Sl " as = d lo comp= !he e <pecred sl'V' wilh 
lhe o b"' lVod slop" tLM 1'Nt>~ S'Smf.cam d,UelffiC,," Ifld,­
":.,, lhu bm <h no' f"'rcc ivc ,Ir J .dUlio", a< c"""s ",i<:aU y 
equiva¡"m. 

Su.~ar cij'npt)$itiol1 ~nd CQ~cenrTtJ riOl1 prqeuu:e$.- Tbe 
'l"""i.lI ., """t.rivm .. t r"""",,,,' ,ho .. ...-l no f ... f,",",,,,< "" 
I lest "" ution oVe' lhe <JI.n" .. hen <;OllCenlnuion . oí lile I< ,t 
solutio ns "e", "'luIl (Tablt 2, lrial 1); h""',-""eT. in al! case., 
L n"w",,~ f',d~"ed UJlI~<II~ .... ~J l"~1 Jil.k; ""¡Uliu lI> whe ll 
o ff..-ed te st diers wilh d ffe",,-1l roncerlnlions /Tabk 2. trial, 2 
and 3). T lIl s _pecios a lways pref..",d me more ronce .. "".d 
SOIUliou . Tbe rr.O'" gener.Jliu on,ni,'''''. (i. !IOricillll , exhibikd 
no . igniiic,,",t p-eference . far any of thr. 'e" ooluti"" . \Table 
2. triai , I and 2) e \Cep (orthf 21% h.xose-<lomillal<d ""b­
tion (HD 1) OV"- lhe 18% sU<TOsc-<lominated SOI"lion (T>ble 2, 
uiaI 3). 

Posi .. i(",~1 hflllel.- No IX>. ilimal bia", . w..-e o ffierved f~ 
L cur"soo~ (Tabl< 3). In 3 0 1Jl of lhe 4 Dial , in which L. 
Cllr(w.,<l1' si gni 'icanll y pre le rTed a 1< ' 1 so:ution . .,Jj_iduals 
ch:lnged ,~ sid" u, which ti"')' fed nlO"'- fre'luen")' lhan 
eXl"'cted by dunee (sign tesl P < 0.05 ), dnng.,g , ide, whm 
I< SI .dutions "",re moved in 1111' midJk of tlle nighl This 
bellavio, , ho ,"", lha lhey conunue fecdi"l! on lhe p .. fernd 
",III,ion .... t> n-H,· .. "f ,he l"',i,i..-. In 'I'i,~ "f ,¡-,. f,." 'M' ,h~ 

diffeTel1ce ... as oot sigTlf",am (ol I Dial in -.vhich L c,,,aSQ/le 
. hcwed p",f=nces, llll' paltem w""' in !he -"HIC dircctim (13{ 
I ff), anJ in<leed wc uld ha~< !>cm .ignitican ' wi!h onl y I n><nO 

, ido eI .. n !! •. In additi rn. in 2 out o( 2 eXl"'rirrenl' in whirh 
individlJ3.1 L. Cl<raIQiU did t1IJt p .. re, a te'l SOI"tiOn ( i.o. 
ba::au", lhey wo'" the SlJT>e , 0 "",ntr'3.tioo). lhey ehanged s id: s 
a' fTeque",ie . lh .. did no' d iffeT . i8niñcan'ly from lh"", 
upecl<d by c hm""" shO'Wi ng mal 1111' position o; test: solulions 
did n<JI. affoct Ibe " de fran wh:ch Ihey fed . 

TADLIO J . r-,,,,,,b<-r u f .. "" c~gm " M.'T''''¡ d".'¡n~ ""'¡' , ';1>1 tu.­
ctch t.:.t. >pocie;. A >ign '"" L"""'ng • Oj prul>a bili, y uf >id" ctmJg<' 

~, ~ ",11 h)'J"lI-\c,;i, W,," ",al tu 1c.1. fOT <oignilic,"'" difb-cttts. n... 
,,';,ic..r 0.05 ,,,,",, f<lr "' '';80 1_ ;. 14 <>T """" eI"",s<" in lB ';1>1. 

( ' P < 0.05; " P < 0.01; '" ~ <: OJO I, . 

EJ.""""" .. 1 (SD: IIDI! E>.l>"rirnmI 2 (HO l:H02) 

Tri .. ~"" c""'.!e;- l T~" ~., ch_~"", ' 

fi,.,nycwjs <lIIUIaI< 

2(1%:2O'J, ." 20':10"101. [[lIS 
~C':{., ,.'" '6,'11' ,s"'·" ~'" ,>V,S' 
1, %:2;<,1, Ultl l~%:l/KI. 16'IS' 

GIdswp/I"8" .... iciI-iJ 

Z(~::!IfI, 11111 llJ'lo"lU'1. 711 M 
2,"t:l>'~ 9/11 IS%H"t ." lo"t::!;% 12111 1,S"t:18"t 7Il M 

Similarly . 00 ¡x¡sitional bi,..,. w= ob"rval fo ,(i. sorió na 
{fable jj. In all 5 mal, lhat G. mTJcma showed no p",te,­
e_ce f ... , .. , ",Iu lio", . th. f"''lue.-.;-y wi,b whid. G. :orióm. 
cban&"d , iJe,; did nO! di ff..- , ignJicanlly fro .. Iho v alu~ cx­
p"cted by c hance (sign lea P > (1.05). Thi •• hows Ibal ln,y 
,,,,,Jull,ly ... ;u, ~ c"'''' ru~1 r=J", ~ ''1\,"dk-» u f ~I~ pu. ili"" . 111 
In, I lrialmat ln,y soowed ¡nfe .. nces (01 I tesl ""lutl:>n <Ne, 
ti", o th..-. lhe s id: change wa, greate. man in all [J( tbe ome, 
trials .: 12f lll ); oo".ve. lhi. dilt"",n<r 'Has no l <ignitic:n (,ign 
,<s, P ::-- O.OS). 

Enufl.e;ic ~q"irale~ce.-ln L. CUJ'GSOOJ!. me consHmplion 
o f I 1<' 1 solutio n ,ign:fican~y atTected me co,,"umption o f lhe 
ollle, solution in 111 uials (r' ran",d fm m 0 .4' lO 0 .1 1, /' ...: 
OJlO l (m ~ .mI.;.' = n:; l . P < I)(ll'i fn. I ni . l; " = ,ti el,t " 

point, p'" Di3l ; I-i g. ~). funhetm[)"'. in 1 o f 6 trials lt-.. o b­
", rved , lope ' .ven' nol sigrIi Ilrmlly diffen'1I. from llr. eXp"<led 
.1"""" indicating ,hal suS=- iIrC I"'TCci,ed .... cncr~ctic.o.ll y 
eQui vllerl (Tlbk 4 ). In !he 1 oth..- lria!' me se , lope . .. e", 
negative . but , ignitiaunly Iow",!han tbo se u pected (Table 4). 

S,m,larly. In G. ¡or.cllla. lh. crn,umpllon d I Ie, t ",IUl,o n 
.ignificaroly affccted Ihe co""umpti<Jl1 of !he olb..- ",I"tio_ in 
aO Di~ls (r' rnnged frn-n 0.74 lo 0 3 6 in me 6 Dial •. P <: 0.005 
fm al! Dial •. n = 36 dala poi rl , pct" lrial ; Fig. 3). The .,timal<d 
si"",,> "",re _<JI. . ign .ficarll y diffcrrn' from lho .., p-cdictcd 
in .5 "r 6 1ria[s ITable 4 ). indicatin2 Ibal 'lIiarll are pe=ived 
a, etll' rge licaUy equivaleTL In o nly I lrial th= 0101""" .. ere 
Sl grllficaraly lo"",. lh,., lhose eXl"'cl<d (Table 4 j. 

OUT ",,,,,11 < eliel no ' ' "l'T""" . 11 of onr ~T]'<'rt",i",, < ",el P,,",­

dictioos. Fim. wh.., ",lulim, had equal wro:entrntion •. l>alli 
sho wed n ~ s ignificanl ¡u(e lffice fo , soIll io ns wi!h diffe",m 
,uga r compo, iti""" thc",forr. thcy did n<JI. prd cr hc~<>", ­

dominated m..- . ucrose-<lo minaled solntions U we had 
predicred . 5erond L. c"rasoo~ si ~ nifi~araly prefe""d COtKen ­
lr:l.ed o ver dilule solmions. We ha<! <>rig ~ally predkted lIlal 
,!-ese bats ""ould po-ef",. ,,"' .. " m<>O' ccrnmon in Ibeir naturAl 
drt (18% co"",ntrnlirn). Prl'f.",nce (or c~ntr"l<d 50Iutvns 
w"" n ~tcumrr.on in G. sor icilla. W, o b"'lV. d such a p,tference 
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f<) \ 20%, H02 20% 

• 
• 

f<)11a~ : H02 15% 

15 20 25 :!O 

HOII5'1(,: ~D218~ 

":¡-<e~::,-'­, 
, 

l "t~1;e a HO \ di.t (11 1Oh" 1) 

flG. .!._ I'nol]!<1IC "I""aknr.: 01 ,<>1 d"" 1<>< ur'lHI"J'Cum Cu,asm~, '11"<: J'lIICls 00. <he Id, rqJlnel l ~'pM """" J. ,,"""'''' IJ>;>I;O "" lhI' 

,;&101 "'1"<><->" uI-"" ;"""" 2, Stt T'¡'I'C 4 fu, ..."., ,ni ",01 'C _' fl<'-lcJ .1"""" 

ooly in 1 of 4 mal!; in which soluuons diff=d in sugu 
eonctnll:iui(Jf1 by 9%. As prediclOO. in ""~ of the trials b:n 
ptr<:'; ""d hexo",,-rich and sucrose-rich <len a, energeü:ally 
equival..,1. 

S'lII1tJf prq. ,n-,uJ ill has (JIId tl",ir j~liroriOll!.-Se·'enl 
aumor> ha~e sug¡e,¡.,d m", IIr pr"r.,.er.ce , o f polli mi," 3r1 a. 

sdecri •• ~s~u",s lhal rrn.inuin sugar romposiuons in n",tu 
(B"" .. and Bu,"" 19~ :;: B""u.1 al. \998: .\1:níTrZ del Rio 
el al. 1992). Funhermo",. salIr srudies have h}pothe, ized 
!hal !he prefe",r.;e, of pol~nato" differ as a Te_, 11I 1 of "ariuim 
in digeniv. trnin (Hemin~L and Manilez 0,1 Río 1992). 
For exampl.e. me nOlim mal n",w-feeding ani-nals discrim­
inale ¡mong differem sugar 1yJ>'S i. ba",d 00 lile """""'"Iioo 
!hal "".eml tird spe<";"s are . ither inealXlble t>f [J1" poor U 

di¡:."in~ 'UClO"" (Marurn del Río and SI"" ... , 1989). Our 
=ults 'U~óIC"t !hal necrar-feedin~ balS are equally eapable of 
a"imih.in, strro",. gluro",. and fructose. lndem. Herrera 

(1999) ",¡>:na! 00 differmc<s in me efocÍ<ney ... ilb "hich 
1>,,, " <1 m;! "",1 " .. m",. e~I"''''' . aM fn .. lO,," ( .... ~ , 1"" W;n'<r 
19Q~) 

0111' re,ullS do 001 Suppcrl me h)"pcmesi s llul pol~n:II.<r 

p .... ""'ne .. lel as ,d",úve fRs,"",~ "" ""'Uf rompo,ilio", 
al IellS! in bal-pol'inaled planlS, In panicuh .. , "e fo~d no 
evidence mu Inu pref,,,,,d O"" , ugar combil ... ion o·,,",, 
oraher when the)' had Icho."" be!w".., ",Iulioos of equal 
H1OCenD1l.tion. The:;e resollS are similar lo !hose "1"'ned by 
La ... (1Y'i3). who fOllnd no signilicanl prefen,nce~ fa- Old 
W<Ild blcssom bali (.\yc"'~"Cteris au.<trtJ:is) wh..-. olt,,,,d pure 
IU""". pUn' glucme, Or "" equal vollllT.' mI x:twt' 01 ,uc","". 
gluco ... rnd trucla;e , N ... nhele". Herrera 11m) rep<I'led 
!ha12 frugivorolJ!l phylloHOO1id bas ( ,,,,"libe,... jIJ,micrllJú and 
.)'nmlira ,'lIiom) and ~ necill-leeder (A"". rtJ 8~iJJfioJ() ¡re­
fc,mrl ,uero", ov'" ",hIions ot a single hex(I1;e (e iJ1er (ruoo", 
.,,- gll>,;o",,). I le ~«1dudcd m .. lfe", N" prdcrred ""01""' .. 
Thc &,cr<pMC¡' bclwcen our .rudJ< and !hal o f I lcn= \1'199) 
<ould ,,,,. h f mm ., le"", :2 (aCloN. ~k ... wc .I!".....ro oo. .. lo 
<000"" bet~ ""~uti",,, c~nlaining m;>1ur"" <>f LUg= ".¡"r 
th"" 5;n¡;k S08""" Th .. s.""';on ; s wh,. bo. ... "'" m<>SI 1; kly ' o 
encounler in nalur<'. ¡"'C:IU .. few (>r no pi.., .. ""cre'" r.ecln» 
·.v;th 001)' 1 "'8'" (Boter and B11:.,,- 19H3). Secoro::l. we otud:. d 
) 'l""C;'-, mlh nf ,,'hieh 'R" n",'''';.",..,. ! ~ <p<"<""i"I;,~.-l 
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'IAII..o: .f,_ Res"L< of He," rumparing oI»tt.ed and CXp<'C1M 
>1"""" <i.e .. calori" '''';0 .a1t1CS) too- "",-'h 'p<cics fo.- ea<:b trial. 

, 

SDJlDl 

~~ _ 1.00 -O.74:! 0.10 2.60 ,"' 
!7~: IS% -0,66 -O.58:! o.m 1.14 .. 
18~:2 7% - 1-'0 -0.35 :! ODll 14.4 <0.0001 

IlD2:llDl 

~~ _ 1,00 -O .¡¡'¡:! 0.1) " 0,24 
1 3~: 18% - 120 -O.27 :! 0.12 7,73 < 0.0001 
18~: 1.s~ -O S3 -O,72:! 0.16 "M "" (;/o"",,/Jagd .,fid"" 

SDJlDl 

-~. - '00 -O,72:! Q.09 ,~ """ !7'k181. -O,M -O .7S:! 0.10 ,~ 0,24 
18~:27 1. _ 1-'0 _ 1.40:!O.l1 .~ .~ 

HOHlOl 
20 %:20'1, _ 1.00 -O.&7:! 0.09 ,~ 0, 19 
15'kIM'A. _ 1.20 - I ,17 :!0.0I'I .~ 0.13 
18%: IS~ ~" -O ,67 :! 0,09 

" 
'.M 

nc.:1ari vme (L "urtJsOiJl<) lIld 11-.: IXhe, a generalisl nect:trivore 
(G. soriciMtJ). h i. po .. ibk !hal diffcrelI:U e~.1 bef ..... et'll 
ne.:ta,- and (ruil-<-"dling balS in "ugar ¡Rferenc.,. and bccausc 
!he sludy oí Hem: ... ( 1 999) used 2 frugi .ores aOO I neclarivore. 
!hi. may have re.uhed in different conclusioos. Th""" pou:ntial 
difIermccs rem';n lo be invcstigaled. In spile o( mese difIe,­
enees, 0111' ,esull. conu-ddict !he h)po!hcsis !hal nea..-;v,..,. 
..... ill pre(e, .ugaJ'l n"",,1 commOn in !heir nmural diel (Martína 
del Río el al. 1992). BaIS did nol prefe, hexose-<lominaled 
""Iulion. o\' c' sucrme-<lominaled ""IUI;oo,. 1ne prevalence o( 
hemse-<lominated neO..-s among bal-poIlinau:d planl" in !he 
Nc ..... World does nOl appe"- 10 be a rcsuh of bas prefening 
hexose,-<lominaed ncctar. The predominance of hexose­
d{JfT1inaU:d chiroplerophilolH fl""' .... is 3Il ceological pall= 
!hal remains lo be cxplained. 

CON:eM"tJtion prifermus ill oots tJlld Illor implicalioIlS.­
AI!hough b:11S did nOl cxhi bil preferenec,. when offen:d nectan 
wi!h differe .. suga, composilion., L rura~oae preferred coo­
ct'llrril.OO OVe' dilule n"<1: ... in all mal •. Thc nectar specialist, 
L curtJ~oae. aR""an:d lo be. able 10 di.tingui.h con""nrr:l1ioo 
differmcn eVen wh.., lho: diffen:nc~ befwet'll 2 ""IUlims was 
small (3%). The preferen"" fo, more cOnCt'lllr:l.OO ncetan al"" 
hOti been re¡x>ned fo/' !he megachiropleran nectar speciali'l 
S. tJusrrtJli~ (law 1993). h appears aS ir !he mon: gcnernliSl 
n .. :tari vore. G. SOricilltJ . only C3ll diSlinguish belween coneell ­
Ir:uion. when !he differmc~ is l..-ge í9%). lñese resuhs conrur 
wi!h !hose. cÁ R<>c~s el al. ( 1993). who found !hal G. sot'icilla 
discriminaled belw""n sugar ""IUlion. wi!h a largc differen"" 
in cone~n!rdlion (20%). In 0111' experimenlS, teS! ""Iulio ... 
differed in coocen!ralion by ooly 3% and 9 %. 

LeptOl/'ycteris c ,utJ.IQ{je and G. Sot'icrM differed in !hei, 
abi lil)' lo discriminale between ""Iution. w;m COnlraSling sugar 
coocentr.uions. L "urtJsoae is mon: dependent m nectar !han 
!he more omnivorous G . soricilld. and il seems lhal L. c"rasoae 

has a betle' c~c.ity lo discriminale between soIlIIion. wim 
difIeren! concelltr:l.io .... We speculae !hil. am<Iig bal<. more-­
speciali7.ed nectariv .. "" will be able lo discriminate smalle, 
differences in slIgar cona.nlrauoo. l evey (1~1 ) pro¡x>sed 
a similar hy¡x>!hesis fm fruil-e3.ling birds. He ' ¡:eculated !hal 
frugivores liad fine, discriminalion obililies !han insecuvores 
(.see al"" Sdiaefe, el al. 2003). The ¡x>len!ial com:lalion be­
Iwem !he ability lo discriminale small di fIen::nces in .ugar 
conct'llll-.-ion and SpecialÍlllion lo a ncetar or (ruit diel remains 
lo re 1""100 lhoroughly in blXh oo.", and birds. 

In me NeolrOpics. tho: nectar secreled by bal-pollinaled 
planl< is relalively dilule, ranging in coocentrdtion fran 5% 
lo 29% (w/v- Hel versen 1993). Al 0111' study .ile!he tlowc," 
visiled by bal< secrele nectan lhal mngc fmm 3% lo 33% wi!h 
species a~"'''8es ranging fran 15% 10 27%. (w/v- N. 
R<><Iíguez-l'eI1a and K. E. SIO..,', in lin. ). I( L. curmoae 
prefers m<R con'-"'nlraled nectars. why i. it!hil. bal-pollinaled 
planl< secrele relativcly dilule ncetars? Nicol""n (2002) 

""vic""d !he facto," !hil. mighl det .... minc lho: prevalcnee of 
dilllle nect,.,; am<Iig tIo ..... e," pollin.1ed by pa,serin.,.. She 
conc!uded !hal lhis prevalence was !he re"uh o f 4 faclors: 
hcmse dominance. an open floral DIO'l'hology, lho: secn:tion o f 
a relalively dilule nectar. and p,oduclion of copious nectar. In 
ome' words, !he presellce o f hao,",s in nectat may f:ICililale 
lhe secretion o f a large volurne al !he expense oí ncetar 
concellu3ion lIld may reduce cvapornlive wat ... losses in o!"n 
tlowers (Nicolson 2(02). 'Inese 4 fa<1<r< also are pre;en! in 
bal -pollin31ed lIo""rs. and may oV<'ITide !he imp<rllllce cÁ!he 
pre(ereoccs o ( specialized pollinalors. 

00 oots p"f'CO\V! diffnon sugars m mer¡:fflcnlt)' eql~'rnlt'llt?­

Tho: resuhs fo, t'Ilergctic a¡uivaleR:c w...., vlriable bdh re~ 

npenmeru 3Ild blll species: neveltheles .. in 68% oí !he trials bats 
perceived s~ as cn::~etically equivalt'lll. Given !he rcsull !hal 
ba. showed 00 significanl prefenn::"" retweefi soIUlio ... wih 
COOlJasting 5Uga' oompoo<itions (pevious se<lioo) how Clll we 
explain !he di;c:rq>lllcy folHl in S<Jme oí Ilr rus if In.'! = 
perceiving sllg"'; ll'; mergctically a¡ ui va""? Oro: possibitity i. 
!ha Ilr difT...,,<l: "' a .tu"tical ¡nifa::1 !hat rcsul", fn:m poi .. , 
Coo'-"'rlmred in a II.'ITOW ,dlge oí ooe oftlr .... "" (Fig. 2: 1ria13 in 
cx¡><rime .. I and Dial 2 in experirne .. 2 f .. L ",.,.moae) ... fran 
using mnd>rd Iino::..- b.¡¡ "'ltJares r.gn:,..ioo in a situil.ioo in 
whi:h there is en", oí Ilr """" magnilude in roth Ilr x and Ilr y 
variob., . Wtr.-,"" ... Ilr 2nd sim:uion i. enewnlered, SCli<1icians 
advi"" using a reducOO map axis regression (Bot-.ooak and V3ll 
Derlinde ax»~ Ne\l:fIlrless. we oped nIX to use maj<r axis 
regression eslimaleS bec3U.., Ilry are derived assuming !hal all 
point; in tt-.: regressioo 1R indep"'O" ... whereas in 0111' Slldy 
rl'peared me,.,urm"",'" on a single ind ividual """" used. F .. Ilr,,,,, 
reasQllS. 0111' n::jection of !he 0011 hYJ><Xhe<is oí eIl..-gelÍc 
equivdle..., must be rmpered by ¡]-", ob"'lVaioo that !he valuc. 
of our ""IÍImtes oí 51o!"s may re bi:tSed by 3Il une""n distriblllim 
of poi ... in our ",an...- gram;, and by tlr biases imoduced by 
.tand:ud linear least "'ltJares on d:aa sets in whi:h both !he ~ aOO 
!he y V'''';abk are measured wim e rro,. Further e"Jll-'linrru 
cooducted lo asse¡S w¡-",th ... difI"""'l 5Ugar.; are P'",eivOO ll'; 

ene~etÍ<:all}' a¡uivalelll by oo.", must control f..- Ilr"" poletlliaUy 
Coo k>lIIlding effects. 
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In ronclusion. our .tudy "'jem me h)p<>lllesi, lllal ne<lar­
fe<din¡ neoo-opical MIS ""t as ~ selective p"",sure on n~1ar 

composition in chi~telOphJous piar ... Olh..- p,,,,ibk expla­
nation for Ihe predaninance of trxose in chiropterophilou. 
il""'~r:I ne<d lo be .val.3m. Tbe re,ult thal b.at. preler more 
concentrated n<c1ar .u~~",m ma pi ... ", can Ilse varialiou in 
mi, mUt lo attr,.;t bu poIlinalors, and p";siblr in fi uence ",,11 i­
nato' movernent.< m a way that benefi", lhe planL FLJttn s ludre. 
,hnllkl ,h--"""",,, Ih~ ""ri""'n in nieh,ly n""",, pmoillcOOn 
and ",late mis 10 boal pollinalor visil> lo fume.- ovaluate mi, 
I"''''billly. " mally. our ",sul", sugg .. l llla! othe, r""lo;>'" !han 
. "t~r ",m"",iOOn inl"...,,,, p",f~",T"O"~ w;,hin el;",. of n~o_ 

uopical balll. 

R.~~u~tt:1" 

En .1 Nootropil'C. la, pI,., ... , polmizadas p""" mU1":i<'I.go< 
produc.n nkt¡U,,, ",lati.am<nte dilu:do< y dominad.,. por la, 
h~.(""'" (gllrma ) frué"lo.,,). con pequeiia; c:mti<hdes de 
sacarosa. lnvestig"""," lIS prtfe",ncias "" composición y <on-

c""!Trión d. lt1.úcaJes en el ""<1:r d~ 00. n .. n:iélaga¡ 
neotr~icale. recranv()ros (LqlOf,-,c,e,ls curasooe y G:o<s<>­
¡thaKtJ soriá,a: Phyllo.l()mid¡re¡ ron el fin de prnhar l. 
hipétesis de que lo> murciélagos pre frren las =cteristicas 
que de manern natural p~omin ,., eu el rN'c1aT Gue ,uelen 
consamir. Ofrecimos mdi,'idualmente a los mu",iéla~O!! p:res 
de dietas en graJKles encielTOS anificiales inme""", en coo-­
dlclOIles nalul"'dle,. que penruttll1 el liln k",,)"o de la¡ 
n't"ni,n~.... Pn-r"",mo. n",""",. ~ ni fici,"' •• imlll~",jo l. 
composición y concenu-ación de allÍcares de lo. reClare5 de 
llore. VISitadas pe.- amIR< '<pecre. de mu",,<'1agos en 1lt zona 
"" ~,,"dio 'ontnrio" j" ~'f"rAch. ,,,,, mI ... ii-l"e"" ro> prt>­
""Uron p..,f,..,ro:i .. por nin¡un. l'Cmbinac.ión de azocares, 
cuando ó tas lueron ot""":las a u .... mi""" concen1Iación. Sin 
<mborgo. L c,m JSOiU (n""t¡u(voro " "I"'-"i.li". ) c"",i"""' te_ 
mente mostro p",fe",ncia p<I' ",'<tares <.Dlcentr.tdO!! sobre 
diluid"" .,d.,..,nd~n1<meme d. ,. composición de los mis"""" 
«te ",i. roo p.""" no fu .. <nconlJ"'.&do en el < .... de G. $o,idNt 
(omnív..o) . .\mbas especies de mumélagos T"'",ibieron las 
dife",no:.., cOOlbinaciones de ",úcare¡ C<IT1O euerg,;licamenle 
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equivalen~~. Nuestros resultados contradi"",n la hipótesis de 

que 1"" murcil'la!)O'l nectarivoros n<otropicale. actúan como 
presirnes selecti...,.s que han detenninado la compo;irión del 
n""lM en plantas quirop~rofílicas. Se n~.ita e...,.luar otras 
po;ibles aplK:aciones JI'B"'Ila JRdominancia de hexosas.., 1 ... 

flo",s q u iropterornicas. 

A t;Kr'( JWLU)(;¡o, l t ;r.¡TS 

We oci:no ... ltdgc '"W<'" by ~ J¡IaIl' 1<> ¡{ES "ud JES trom "'" 
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LOS AMINOÁCIDOS DEL NÉCTAR MODIFICAN LA SELECCIÓN DEL ALIMENTO EN 

MURCIÉLAGOS NECTARÍVOROS



Rodríguez-Peña 2011 Página 16 
 

Nectar amino acids modify food selection by nectarivorous bats  

Nelly Rodríguez-Peña*◊, Kathryn E. Stoner*, Jorge Ayala-Berdón* C. M. Flores Ortiz, and Jorge 

E. Schondube*  

 

*Centro de Investigaciones en Ecosistemas, Universidad Nacional Autónoma de México, 

Apartado Postal 27-3 (Xangari), Morelia, Michoacán, 58189 México. 

Laboratorio de Fisiología Vegetal, UBIPRO, Facultad de Estudios Superiores Iztacala, UNAM, 

México. 

◊Author to whom correspondence should be addressed. Email: onrodriguezpena@gmail.com 

 

Running headline: amino acid selection by nectar-eating bats. 

mailto:onrodriguezpena@gmail.com


Rodríguez-Peña 2011 Página 17 
 

Abstract 

 

1. Chiropterophylic flowers secrete sugar nectar with small amounts of amino acids which 

may function to attract animals; nevertheless, their role in food selection by bats is 

unknown. 

2. We investigate: a) the role of nectar as a nitrogean N source, b) the importance of 

amino acid concentration in relation to sugar concentration, and c) the role of the flavor 

provided by amino acids to nectar for food selection by nectarivorous bats. 

3. Using individual flight cages, we offered bats (Leptonycteris yerbabueanae and 

Glossophaga soricina) pairs of experimental diets. We used artificial nectars mimicking 

the nitrogen concentration and the relative abundance of amino acids found in flowers 

from the main plant species visited by these bats in a tropical dry forest. 

4. Our results showed that: a) bats did not discriminate between nectar diets at contrasting 

nitrogen concentrations—not when experiments were conducted on individuals 

previously maintained under conditions of a nitrogen-balanced diet, nor when they were 

maintained with a nitrogen-free diet; b) Leptonycteris yerbabuenae preferred the 

nitrogen-free concentrated nectar; however, bats did not discriminate between 

contrasting sugar concentrations (18 vs. 27%) when supplemented with nitrogen; and c) 

Leptonycteris yerbabuenae preferred the taste of amino acids present in the nectar of 

Pachycereus pecten (Cactaceae) over Ceiba aesculifolia (Malvaceaceae). 

5. Our results suggest that nectar amino acids could affect the foraging decisions of 

nectar-eating bats, regardless of the low concentrations at which they are present in 

floral nectar. 

 

Key-words: amino acid preferences, chiropterophylic flowers, nectar flavor, nectar nutrient 

composition, phyllostomid bats, pollination ecology. 
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Introduction 

Understanding the factors that affect food selection by pollinators has critical ecological 

implications.  Floral nectars are sugar solutions that also contain small amounts of other 

compounds like amino acids, lipids, proteins and alkaloids (Baker, Baker & Hodges 1998).  

Amino acids are the most abundant compounds in nectar after sugars.  Nectar amino acids 

could affect pollinators in two ways: 1) acting as a nitrogen (N) source, and 2) providing nectar 

with specific flavors.  Flowers whose pollinators´ mai N source of N is nectar tend to offer high 

amino acid concentrations (i.e. Lepidoptera), whereas those whose pollinators obtain N from 

other food items like pollen, fruits or insects (i.e. mammals and birds) have lower amino acid 

concentrations (Baker & Baker 1973; Baker, Opler & Baker 1978; Baker & Baker 1982; Baker & 

Baker 1986).  However, because nectar amino acids are found at low quantities, sometimes 

only as traces, their potential role in food selection by this second group of nectarivores has 

been largely dismissed (Baker et al. 1978; Scogin 1980; Petanidou et al. 2006). 

 

Baker et al. (1978) suggested that amino acid composition and concentration could determine 

nectar flavor for many pollinators, affecting their food selection patterns.  Furthermore, it 

appears that the relative abundance of each amino acid type in nectar is important for providing 

a characteristic taste profile (Shiraishi and Kuwabra 1970; Gardener & Gillman 2001, 2002).  

Petanidou et al. (2006) found that phenylalanine, an essential amino acid, generates a strong 

phago-stimulatory effect on pollinators.  Under experimental conditions there is evidence that 

butterflies and bees have preferences for solutions containing specific amino acids at certain 

concentration ranges (Inouye & Waller 1984; Alm et al. 1990).  Studies on this topic in 

nectarivorous vertebrates are limited to birds.  Hummingbirds and sunbirds do not respond to 

the nectar amino acid concentrations found in plants, and reject nectar with one, or a mixture of 

six amino acids at higher concentrations (Haisworth & Wolf 1976; Leisegneur Verburgt & 

Nicolson 2007).  In the case of nectar-eating bats it is known that they cannot meet their 

Minimal Nitrogen Requirements (MNR) while feeding only on nectar.  As a consequence 

nectarivorous bats need to supplement their diet using other items as protein as an N sources 

(i.e. pollen, insects and fruit; Carvalho 1961; Alvarez & Gonzalez 1970; Howell 1974; Heithaus 

1975, Fleming & Opler 1975; Lemke 1984; Delorme & Thomas 1996; Herrera et al. 2001).  
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However, no studies about the role of nectar as an  N source and the possible influence on 

nectar flavor caused by them in the foraging ecology of bats exist. 

 

The goal of our study was to understand the role that nectar amino acids have on the foraging 

decisions of Neotropical nectarivorous bats (family Phyllostomidae).  We focused our research 

on the following questions:  1) Do bats perceive nectar amino acids as a possible  N source 

under conditions of both, N-balanced and N-free maintenance diets.  2) How important is amino 

acid concentration in relation to sugar concentration for food selection? and 3) Does the flavor 

provided by amino acids influence nectar selection by phyllostomid bats?  To answer these 

questions we used artificial nectars simulating the nectar N concentration and the relative 

abundance of amino acids from the most important plant species visited by nectarivorous bats 

in the wild at our study site.  We hypothesized that because nectarivorous bats supplement their 

nectar diet using other items as protei as an N source (Carvalho 1961; Alvarez & Gonzalez 

1970; Howell 1974; Heithaus 1975, Fleming & Opler 1975; Lemke 1984; Delorme & Thomas 

1996; Herrera et al. 2001) they would be indifferent to the N present in nectar when experiments 

were done after a period under an N-balanced maintenance diet, but would change to prefer 

nectar with high N concentrations when experiments were done after a period under an N-free 

maintenance diet.  Second, because nectar feeding bats are sensitive to changes in the sugar 

concentration of their diets (Rodriguez-Peña et al. 2007; Ayala-Berdón et al. 2008) we expected 

bats to prefer sugar concentration over nitrogen concentration.  Finally, for the third question we 

had two predictions: (1) bats would prefer amino acid-free nectar, because feeding on an amino 

acid unbalanced diet could affect their protein metabolism (Harper 1967; Leung, Rogers & 

Harper 1968); and (2) bats, when offered nectars that mimic the amino acid composition and 

total nectar concentration as found in the most common plant species in their natural diet, would 

prefer the flavor associated with the nectar that contains more energy. 

 

Materials and methods 

STUDY SITE 

Bat species and chiropterophylic flowers were collected in the Chamela region in the central 

Pacific coast of Mexico (approximately (19°22´- 19°35´ N, 104°56´- 105°03´ W).  The 
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predominant vegetation type is tropical lowland deciduous forest (Lott 1993).  Nectarivorous 

bats consume nectar and presumably pollinate the flowers of 22 plant species at this site 

(Stoner et al. 2003).  We conducted our experiments using two nectar eating bat species.  The 

Saussure´s long-nosed bat (Leptonycteris yerbabuenae; Martínez and Villa-R 1940) and the 

long-tongued bat (Glossophaga soricina; Pallas 1976). Although both bat species consume 

floral nectar, they also feed on fruit and insects when flowers are unavailable (Alvarez, Willig 

and Webster 1999; Herrera 1999).  Leptonycteris yerbabuenae, (before curasoae) is considered 

a derived nectarivorous species (Koopman 1981); its diet includes pollen, nectar, fruit, and a 

small amount of insects (Gardner 1977).  Pollen constitutes an important part of the diet of this 

species throughout the year (Alvarez and Gonzalez 1970, Fleming 1995, Valiente-Banuet et al. 

1996).  However, Glossophaga is more insectivorous and frugivorous than Leptonycteris 

(Nassar et al. 2003 Mirón et al. 2006). 

 

NECTAR BACKGROUND 

A total of 40 flowers distributed in 8 species and 5 families regularly consumed by nectarivorous 

bats in this region (Stoner et al. 2003) were investigated.  Nectar collections were made 

opportunistically depending on the flowering period of the plant species.  Mature flower buds 

were covered with mesh bags 1 hour before sunset.  Nectar was extracted with capillary glass 

tubes one hour after anthesis.  To prevent possible contamination with pollen amino acids, we 

emasculated the flowers.  Nectar samples were frozen before analysis. 

 

Total concentration of amino acids was determined by the ninhidrine method (Moore & Stein 

1954; Hirs 1967), and total concentration of soluble proteins was determined by the Bradford 

method (Bradford 1976).  Total N concentration was obtained considering N contained in both 

amino acid and protein content.  The results of this section were used to mimic N nectar 

concentrations as found in plants in Experiments 1 and 2 (Described below).  

 

To determine the relative abundance of amino acid in nectar, 17 specific free nectar amino 

acids were measured by high performance liquid chromatography (HPLC) in an Agilent 1100 

Series equipment (Hewlett Packard), following the Agilent 1090 series method.  We used a two 
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step precolumn derivatization, with ortho-phthalaldehyde (OPA) for primary amino acids and 9-

fluorenylmethyl chloroformate (FMOC) for the secondary amino acid. A 0.4 N borate buffer was 

used with pH 10.4.  Separation was performed by using a Hypersil AA-ODS 2.1 x 200 mm 

Agilent column.  We used a solvent gradient system with two mobile phases: (A) sodium 

acetate, trietilamine and tetrahydrofuran water mix, and (B) sodium acetate, acetonitrile and 

methanol water mix buffers (pH 7.20).  The gradient was started with 100% A, at 17 minutes 

60% B, at 18.1 minutes flow 0.45, at 18.5 minutes flow 0.8, at 23.9 minutes flow 0.8, at 24 

minutes 100% B and flow 0.45, at 25 minutes 0% B.  Detection was via a Perkin Elmer (LS50B) 

Luminescence Spectrometer (excitation at 340 nm and emission at 450 nm for primary amino 

acids and excitation at 266 nm and emission at 305 nm for the secondary amino acid).  Data 

collection was done with FL Win Lab Perkin Elmer software.  

 

Chromatograms were compared with standards for identification of individual amino acids.  

Total concentration and percentage of each amino acid was calculated for each sample.  The 

results of this section were used to mimic the relative abundance of amino acids as found in 

plants in Experiment 3 (Described below).  

 

BAT CARE AND HOUSING 

Bats were captured and handled under permission from the Oficina de Fauna Silvestre, Mexico, 

to KES (permit SGPA/DGVS/03644/08), and met humane handling guidelines approved by the 

American Society of Mammalogists (Gannon, Sikes & The animal care and use Committee of 

the American Society of Mammalogists 2007).  We used mist nets to capture adult non-

reproductive males of the two bat species.  After capture, bats were transferred to a laboratory 

with a controlled environment of 27 °C and 50% relative humidity.  Bats were maintained in 

groups of seven individuals in aluminium cages (60 x 60 x 60 cm) and were fed on the diet 

described by Mirón et al. (2006).  Body mass, wing membrane elasticity and hair condition of all 

bats was monitored daily.  All bats maintained constant body mass and were healthy during 

captivity.  Bats lost weight under some experimental conditions; however, they regained body 

mass after the experiments were over. 
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PREFERENCE TESTS 

We offered pairs of test diets to individual bats in small flight cages (50 x 50 x 50 cm) located 

under laboratory conditions.  Feeders were placed 50 cm apart and at a height of 30 cm.  Trials 

lasted 10 h and were conducted from 1900 to 0500 h.  Feeders were filled and placed at 1900 

h.  The amount of food consumed per feeder was measured (g) and their position switched at 

the middle of the experiment at 0000 h to control for potential positional biases (following 

Jackson, Nicolson & Lotz 1998).  The amount of food consumed was again measured at 0500 

h.  An additional feeder of each test diet was placed outside the flight cages to control for 

evaporation.  To determine the sample size we computed a priori power analysis (G power® 

software).  We obtained values over 0.8 of statistical power with a sample size of 4 to 9 bats per 

trial.  Since one of the bat species, Leptonycteris yerbabuenae is included in the NOM-

059SEMARNAT 2001 as a protected species we used 7 different experimental bats for each 

trial in each experiment. 

 

EXPERIMENT 1— DO BATS PERCEIVE NECTAR AS AN N SOURCE? 

To test if bats perceive nectar as an N source, we offered three experimental diets that differed 

in N concentration.  Two of them mimic those present in the flowers bats visit in the Chamela 

region (Crescentia alata, Bignoniaceae, with the lowest N concentration of 320 µg/ml—hereafter 

LN; and Pachycereus pecten, Cactaceae, with the highest N concentration of 1505 µg/ml—

hereafter HN; Table 1).  Experimental diets were based on sugar solutions at 20% (weight / 

volume of sucrose).  The first diet was supplemented with the LN (320 µg/ml; LN).  The second 

diet contained the HN (1505 µg/ml; HN).  The third diet had only sugars (20% v/w) and 

contained no nitrogen (0 µg/ml; NN).  We used a soy protein based product (PRONAT 

ProWinner®; www.prowinner.com.mx) as an N source.  This product contains a balanced mix of 

amino acids that will not cause a nutritional imbalance in the bats (Harper 1967; Leung, Rogers 

& Harper 1968).  Each bat faced 2 solutions per trial.  Six trials were conducted with these test 

diets.  In the first trial, we offered bats the N-free diet (NN) vs. the low N diet (LN).  In the 

second trial we offered them the NN and the high N diet (HN).  Thus, trials 1 and 2 examined if 

bats showed a preference for the lowest (Trial 1) or the highest amino acid concentration found 

(Trial 2) in their natural diets.  In the third trial we compared the LN with the HN diet.  This trial 
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examined N concentration preference by bats.  These three trials were were done after bats 

were maintained under an N-balanced maintenance diet N-balanced(Mirón et al. 2006).  Trials 

4, 5 and 6 were the same as 1, 2 and 3 but this time experiments were done after bats were 

maintained for 4 days under an N-free maintenance diet (only-sugar diet).  Each trial was 

conducted using 7 different individuals of each of the two bat species. 

 

EXPERIMENT 2—IS SUGAR OR NITROGEN CONCENTRATION MORE IMPORTANT FOR 

FOOD SELECTION? 

A second series of trials were performed to test if bats preferred total sugar or N concentration.  

This time experimental diets differed in their total sugar concentration (w/v).  In trial 1, we tested 

diets that simulated the natural sugar and N concentrations found in flowers in the field 

(Rodríguez-Peña et al. 2007).  The high N diet with 1505 µg/ml simulated P. pecten and 

contained 27% (w/v) sugar, whereas the low N diet with 320 µg/ml simulated C. alata, and 

contained 18% (w/v) sugar.  In trial 2, we inverted the sugar concentrations used in trial 1.  

Thus, the high N diet contained 18% sugar, whereas the low N diet contained 27% (w/v) sugar.  

Finally, in trial three we offered bats the sugar concentrations as found in the field, (P. pecten 

contained 27% and C. alata 18% w/v sugar) but this time test solutions were N-free.  In trial 3 

we examined if bats showed a preference for the total nectar concentration as found in their 

natural diets without the N presence influence.  Each trial was conducted using 7 different 

individuals of each of the two bat species. 

 

EXPERIMENT 3—DOES THE FLAVOR PROVIDED BY AMINO ACIDS INFLUENCE NECTAR 

SELECTION? 

A third set of trials were performed to test if bats showed preferences for the flavor that the 

presence of amino acids provide to nectar as found in the field.  This time we offered bats 

experimental diets that differed in the relative abundance of 17 amino acids mimicking those of 

two of the most important species they visit in the field.  One of the test diets simulated the 

natural composition of nectar amino acids of C. aesculifolia (hereafter Ca; Appendix 1), while 

the second diet simulated those present in the nectar of P. pecten (hereafter Pp; Appendix 1).  

Both experimental diets consisted of sugar solutions supplemented with a total 7mM 
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concentration of amino acids.  We chose this total amino acid concentration because it was the 

highest concentration we found in the field.  While the total concentration (7 mM) and types of 

amino acids did not vary between diets, the concentration of the different individual amino acids 

in solutions varied following those of the selected plant species (Appendix 1).  To prepare the 

experimental diets we used 100% pure individual amino acids (SIGMA®).  The third 

experimental diet was amino acid-free (NA).  Each bat faced 2 solutions per trial.  In the first trial 

we offered bats the amino acid-free sugar solution vs. C. aesculifolia.  In the second trial we 

offered the amino acid-free sugar solution vs. P. pecten.  Thus, in trials 1 and 2 we examined if 

bats could detect the amino acids present in their natural diets, and if they preferred nectars 

with or without amino acids.  In the third trial we offered the two amino acid-supplemented diets.  

Thus, trial 3 examined the preference of bats for nectar that had the same amino acids in 

different proportions.  In trials 1, 2 and 3 both experimental diets consisted of sugar solutions 

(20%, weight / volume of sucrose).  In the fourth trial we offered the two diets that differed in 

amino acid composition (Ca vs. Pp), but this time at the natural sugar concentration present in 

each of these plant species, thus Ca (18% weight / volume of sucrose) and Pp (27% weight / 

volume of sucrose).  Finally, in the fifth trial, we offered bats the two diets that differed in amino 

acid composition (Ca vs. Pp), but this time we inverted the sugar concentrations, thus Ca (27% 

weight / volume of sucrose) and Pp (18% weight / volume of sucrose).  In trials 4 and 5 we 

examined the effect of sugar concentration on bat preferences for amino acid composition.  

Each trial was conducted using 7 different individuals of each of the two species. 

 

DATA ANALYSIS 

To estimate preference we used the ratio of the nightly ingestion of one of the test diets divided 

by total nightly ingestion: 

Preference = Ingestion of diet A / Total ingestion. 

A preference value of 0.5 indicates that bats consumed both solutions in equal amounts.  One 

sample t-tests on arcsin √ transformed preference values were used to test the null hypothesis 

that preference was not significantly different from 0.5 (following Martínez del Río 1990).  

Because several simultaneous tests were conducted to test single hypotheses, the significance 

level was adjusted using the standard Bonferroni method (Rice 1989).  We adjusted α 
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separately for the number of trials involved in each hypothesis (experiment 1 = 6; experiment 2 

= 3; experiment 3 = 5). 

 

Results 

NECTAR BACKGROUND 

We calculated total amino acid and protein concentration for each of the eight plant species (n= 

5; Table 1).  Average amino acid concentration was 2.89 ± 2.04 (S. D.) mM and ranged from 

1.04 ± 0.53 mM in Bahuinia pauletia (Bignoniaceae) to 6.83 ± 7.6 mM in Pachycereus pecten 

(Cactaceae; Table 1).  Similarly, average protein concentration was 161.93 ± 120.83 µg/ml and 

ranged from 58.93 ± 101.03 µg/ml in Bahuinia pauletia (Bignoniaceae) to 439.18 ± 402.23 µg/ml 

in Pachycereus pecten (Cactaceae; Table 1).  

 

We detected a total of 17 individual amino acids.  All 17 amino acids were present in all nectars, 

and their relative abundance (%) in each of the eight plant species is summarized in Appendix 

1. 

 

DO BATS PERCEIVE NECTAR AS AN N SOURCE? 

Both bat species showed no preferences in any of the trials either when trials were done under 

an N-balanced maintenance diet or when bats were under an N-free maintenance diet (Figure 

1, Table 2). 

 

IS SUGAR OR NITROGEN CONCENTRATION MORE IMPORTANT FOR DIET SELECTION? 

Both bat species exhibited no preferences for diets at contrasting sugars and N concentrations 

(Figure 2, Table 2).  However L. yerbabuenae showeda preference for the N-free most 

concentrated diet (Figure 2, Table 2). 

 

DOES THE FLAVOR PROVIDED BY AMINO ACIDS INFLUENCE NECTAR SELECTION? 

Leptonycteris yerbabuenae always preferred the sugar only diet (NA) over the two amino acid-

supplemented options (Figure 3, trials 1 and 2, Table 2).  This bat species preferred solutions 

containing P. pecten amino acid relative abundance over those present in C. aesculifolia when 
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tested at field sugar concentrations (Figure 3, trial 4).  However, when tested at equal (trial 3) 

and inverted (trial 5) sugar concentrations, the bats were indifferent.  Glossophaga soricina 

showed no preferences in any of the trials (Figure 3, Table 2).  

 

Discussion 

The role of the amino acids in nectar, and the perception of their flavor by nectar-eating bats 

have been ignored in the past as a result of the low amino acid concentrations found in the 

nectar of bat pollinated flowers (Baker & Baker 1982; von Helversen 1993; Winter & von 

Helversen 2001).  Our results showed that amino acids present in nectar influenced bats’ food 

selection; however, our results did not support all of our predictions.  First, as predicted, bats 

were indifferent to the N present in nectar when experiments were done after bats were under 

an N-balanced maintenance diet.  However, bats were also indifferent to the N present in nectar 

when experiments were done after bats were maintained with an N-free maintenance diet.  We 

had predicted that bats would change to prefer nectar with high N concentrations when 

experiments were done after an N-free maintenance diet.  Second, as predicted L. yerbabuenae 

preferred the most concentrated N-free sugar diet.  Although we predicted that bats would 

prefer sugar over N concentrations, both bat species showed no preferences for the sugar 

concentration when diets where N supplemented.  Third, as predicted, L. yerbabuenae 

preferred the amino acid-free diet (NA) over the diet containing amino acids.  However, G. 

soricina was indifferent in both trials.  Finally, we predicted that both bat species would prefer 

the flavor of the amino acids found in the nectar with the highest sugar concentrations they use 

in the field (P. pecten).  We found that L. yerbabuenae showed preference for the flavor of P. 

pecten in 1 of 3 trials, whereas G. soricina showed no preferences.  In this discussion we first 

focus on the role of amino acids in nectar as an N source.  We then consider the effect that 

nectar amino acids could have on the ability of bats to discriminate among sugar 

concentrations.  Lastly, we discuss the relationship between the flavor generated by the 

presence of amino acids in nectar, and food selection patterns of our studied bat species. 

 

ROLE OF AMINO ACIDS IN NECTAR AS AN N SOURCE FOR NECTARIVOROUS BATS 



Rodríguez-Peña 2011 Página 27 
 

Our results showed that under N balanced and N depleted conditions, both bat species were 

indifferent to the presence of low or high nitrogen concentrations in nectar (Fig. 1).  We believe 

that the general indifference that both bat species exhibited for N-containing nectars is the result 

of: 1) it is unnecessary for bats to select N supplemented nectars when maintained with an N 

supplemented diet, and 2) bats perceive both experimental diets as containing N, albeit low, 

under the N depleted conditions and therefore they do not discriminate between them.  To test 

this hypothesis, we calculated how much N the bats ingested under experimental conditions 

and compare this data with their minimal N requirements (MNR) from the literature.  While there 

is information on the MNR for L. yerbabuenae (13–17·mg·nitrogen·day–1; Howell 1974; Voigt & 

Matt 2004), the only report for G. soricina (Herrera, Ramírez & Mirón 2006) used a different 

methodology and the data reported for this species is not comparable, thus we present the 

analysis only for L. yerbabuenae.  Considering that this species ingested 23.9 and 16.5 ml day–1 

from the nectar of C. alata and P. pecten, respectively (Ayala-Berdón et al. 2008), it can only 

obtain between 9.5 and 30.3 % of its MNR when feeding only on C. alata or P. pecten nectar 

(1.2 and 4 mg N day-1).  While we cannot calculate these values for G. soricina, we expect a 

similar result for this species. 

 

These calculations suggest that nectar-eating bats cannot meet their MNR while feeding only on 

nectar.  As a consequence nectarivorous bats need to supplement their diet using other items 

as protein as an N source (i.e. pollen, insects and fruit; Carvalho 1961; Alvarez & Gonzalez 

1969; Howell 1974; Heithaus, Fleming & Opler 1975; Lemke 1984; Delorme & Thomas 1996; 

Herrera et al. 2001).  Both bat species supplement their nectar diet with other sources.  

Glossophaga soricina includes fruits, pollen and insects in its diet (Fleming 1982), and uses 

primarily insects to satisfy its nitrogen requirements (~ 70%, Herrera et al. 2001).  Leptonycteris 

yerbabuenae meets its N requirements from ingesting pollen (Howell 1974). 

 

NECTAR AMINO ACIDS EFFECT ON THE ABILITY OF BATS TO DISCRIMINATE AMONG 

SUGAR CONCENTRATIONS 

Our results showed that L. yerbabuenae preferred the most concentrated N-free sugar diet.  

The effect of nectar sugar concentration on bats´ sugar preferences has been studied (Roces, 
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Winter & Helversen 1993; Rodríguez-Peña et al. 2007).  Roces et al. (1993) found that G. 

soricina always preferred the higher of two nectar concentrations, when the differences in sugar 

concentration between the two solutions were > 10%.  Rodríguez-Peña and collaborators 

(2007) found that L. yerbabuenae and G. soricina preferred the more concentrated sugar 

solution even when the difference in concentration between the two solutions was small (3% for 

L. yerbabuenae and 9% for G. soricina).  However, bats had no preferences for diets with 

different sugar concentrations when amino acids were added to the artificial nectar solutions.  

While the two bats species have the ability to detect small differences in sugar concentration, 

they were indifferent while facing two sugar solutions differing in 9% when amino acids were 

added.  This was a surprising result, and suggests that the presence of amino acids in nectar 

causes a confounding effect that modifies the bats' capacity to discriminate among sugar 

concentrations.  If the flavor generated by nectar amino acids reduces the ability of bats to 

discriminate for sugar concentrations, as our results indicate, the presence of these substances 

in floral nectar could be the result of a plant strategy to confound floral visitors.  Plants could 

produce nectars with lower sugar concentrations, and by adding small amounts of amino acids, 

they could trick their visitors to perceive different sugar solutions as energetically similar, saving 

sugars and maintaining visit rates.  However, this hypothesis  remains to be further investigated. 

 

RELATIONSHIP BETWEEN THE FLAVOR GENERATED BY THE PRESENCE OF AMINO 

ACIDS IN NECTAR AND FOOD SELECTION PATTERNS OF BATS 

Leptonycteris yerbabuenae responded to the flavor of nectar amino acids by changing their food 

selection patterns.  While Glossophaga soricina was indifferent to the different sugar 

concentration and amino acid relative abundance used in our experiments, Leptonycteris 

yerbabuenae had preferences for sugar only diets (NA) when offered an amino acid 

supplemented counterpart, and in 1 out of 3 trials preferred the flavor of the amino acids of P. 

pecten (Cactaceae) over those found in C. aesculifolia (Malvaceae).  Amino acid rejection also 

has been reported for bees (Inouye & Waller 1984), hummingbirds (Haisworth & Wolf 1976) and 

sunbirds (Leseigneur et al. 2007).  Usually this rejection is associated with the presence of 

amino acid concentrations higher than those found naturally in the nectar ingested by these 

animals in the field.  We speculate L. yerbabuenae rejection of amino acid supplemented 
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solutions is due to: 1) a nutritional imbalance caused by the concentration/composition of amino 

acids we used in our trials, and 2) the flavor that amino acid relative abundance provides to the 

experimental solutions.  

 

The preference of amino acid-free diet over amino acid-supplemented nectar by L. 

yerbabuenae could be due to an amino acid imbalance.  An amino acid imbalance is defined as 

adverse effects caused by the ingestion of a surplus of an individual, or group of amino acids 

(Krehl et al. 1945; Harper et al. 1970).  Adverse effects of amino acid imbalance have been well 

documented and go from moderate depression of food intake and reduced growth, to the 

development of pathological lesions and low survival rates (Harper 1967; Harper, Benevenga & 

Wohlheuter 1970; Harper 1974).  Rodents and other mammals have been found to select 

protein-free diets, or a diet with a balanced amino acid pattern, over those presenting amino 

acid imbalance (Harper 1967; Leung et al. 1968).  Leptonycteris yerbabuenae showed no 

preferences between sugar only and N supplemented diets when these diets where balanced in 

their amino acid composition (Experiments 1 and 2); however, they preferred the sugar only 

solutions when they were offered a specific amino acid composition as their other option 

(Experiment 3).  Since we were offering the bats the specific amino acid composition found in 

the plants they eat in the field this “rejection” is surprising.  Nevertheless, they are unable to find 

amino acid free nectars in the field, and therefore must feed on them to survive. 

 

The fact that L. yerbabuenae in 1 out of 3 trials (Fig 3, experiment 3, trials 3 and 4) preferred the 

flavor of the amino acids present in the nectar of P. pecten over C. aesculifolia is evidence that 

this species perceives and recognizes the flavor that amino acid relative abundance provides to 

the nectar of each plant species. Gardener & Gillman (2001) suggested that amino acid 

composition has more influence than amino acid concentration on the taste profiles of nectar.  

Our results suggest that the relative abundance of the different amino acids in nectar 

contributes to provide a specific taste to nectar that some bats can use as information to select 

their food accordingly (Baker & Baker 1973, Baker 1977, Baker et al. 1998, Gardener & Gillman 

2002). 
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The amino acid related flavor preferred by L. yerbabuenae is associated with the nectar with the 

natural highest sugar concentration (27%; P. pecten).  We speculate that L. yerbabuenae is 

associating the flavor caused by the particular amino acid relative abundance in the nectar of 

this cactus over other nectar attributes like sugar concentration.  Leptonycteris yerbabuenae 

preferred the nectar imitation of P. pecten over that of C. aesculifolia.  This is not surprising if 

we consider that P. pecten has more sugar in its nectar.  When we changed sugar 

concentration to 20% in both solutions, and when we inverted the sugar concentrations, so that 

the solution mimicking the nectar of C. aesculifolia had a higher sugar concentration, bats were 

indifferent.  These results suggest that relating nectar quality with amino acid flavor could allow 

bats to use the presence of certain amino acids to influence foraging decisions under natural 

conditions in the field. 

 

Leptonycteris yerbabuenae and G. soricina differed in their ability to discriminate between 

solutions with contrasting nectar amino acid relative abundances.  Leptonycteris yerbabuenae 

needs more concentrated nectars to maintain a positive energy balance (Ayala et al. 2008).  

Additionally, L. yerbabuenae has a better capacity to discriminate between solutions with 

different sugar concentrations (Rodriguez-Peña et al. 2007).  Although both bat species 

consume nectar, fruits and insects, our results suggest that among bats, ecologically more 

specialized nectarivores will be better at using amino acid flavor clues to select the best nectars 

available to them in the field; however, this hypothesis remains to be tested. 

 

In conclusion, our study shows that nectar amino acids could affect the foraging decisions of 

nectar-eating bats, regardless of the low concentrations at which they are present in floral 

nectar.  The fact that amino acid concentration in nectar confounds bats´ capacity to distinguish 

among sugar concentrations, and that some bats have preferences for the taste that some 

amino acids provide to nectar of specific plant species, suggests that plants can use variation in 

this trait to attract bat pollinators.  Future studies should document the nutritional contribution of 

specific amino acids in nectar for bats, and the interaction between nectar amino acid and 

sugars types on flavor and on foraging decisions by bats. 
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Tables 

Table 1. Total nectar (w/w), amino acid (mM) protein concentration (µg/ml), and N content 

(µg/ml) in nectar of 8 chiropterphylic species from the Tropical Dry Forest, from the Chamela 

region in Jalisco, Mexico. 

 

Table 2. Results from t-tests of preference values for foraging experiments on nectarivorous 

bats.  Preference ratios > 0.5 significance levels (α) were adjusted for number of trials involved 

in each hypothesis using the Bonferroni technique (Rice 1989).  Significant values are 

highlighted in bold. 
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FIG. 1  Preferences for nectar-feeding bats between low and high N concentrations and sugar 

only solutions after a diet under N-balanced (trials 1, 2 and 3) and N-free conditions (trials 4, 5 

and 6).  Values above 0.5 indicate preference for the diet on the left hand side of each trial, 

whereas values below 0.5 indicate preferences for the diet on the right hand side of each trial.  

Values of 0.5 indicate no preferences.  Both bat species were indifferent to N presence and 

concentration.  This indifference suggests that bats donot consider N in nectar as an important 

an N source. LN: low nitrogen diet (320 µg/ml); HN: high nitrogen diet (1505 µg/ml); NN: no 

nitrogen diet. 

 

FIG. 2  Preferences of nectar-feeding bats for sugar or N concentrations.  Value interpretations 

same as Fig. 1.  Both bat species were indifferent in the N-supplemented trials, but L. 

yerbabuenae preferred the N-free most concentrated sugar diet, suggesting that the presence 

of N reduces their ability to discriminate among sugar concentrations.  Trial 1. N-supplemented 

diets conducted at natural sugar concentrations (LN 18% : HN 27%); Trial 2. N-supplemented 

diets conducted at inverted sugar concentrations (LN 27% : HN 18%); and Trial 3 N-free diets 

conducted at natural sugar concentrations.  

 

FIG. 3  Preferences of nectar-eating bats for the flavor provided by specific amino acid 

combinations of nectar.  Value interpretations same as Fig. 1.  The preference for P. pecten 

nectar by L. yerbabuenae suggests that these bats can detect and recognize the specific amino 

acid relative flavor of each plant species.  This pattern was not found in G. soricina. Trials 1, 2 

and 3 amino acid-supplemented diets conducted at inverted equal sugar concentrations (20 %); 

Trial 4 amino acid-supplemented diets conducted at natural sugar concentrations (Ca 18% : Pp 

27%); Trial 5 amino acid-supplemented diets conducted at inverted sugar concentrations (Ca 

27% : Pp 18%);Ca: Ceiba aesculifolia diet; Pp: Pachycereus pecten diet; NA: amino acid-free 

diet. 
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Figures 
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Figure 2 
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FIGURE 3 
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Appendix 1. Relative abundance (%) of 17 amino acids in the nectar of 8 species of bat-

pollinated plants in the Tropical Dry Forest in the region of Chamela, Jalisco. 
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CAPÍTULO 4. 

 

 

 

 

 

FACTORES QUE AFECTAN LA COMPOSICIÓN DE AZÚCARES EN PLANTAS 

QUIROPTEROFÍLICAS 
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Summary 

1. Floral nectar is the most important reward offered to pollinators.  Nectar sugar composition 

may be affected by biochemical, ecological and evolutionary factors; nevertheless, their role in 

determining chiropterophilic nectar is unknown. 

2. We investigated: a) nectar sugar composition, volume and concentration; b) whether sugar 

composition is related to nectar volume and concentration; and c) how the flowering strategies 

of plants affect their nectar traits. 

3. We determine nectar traits of 12 species of chiroptherophylic plants distributed in 5 families.  

We assess phylogenetic and non-phylogenetic relationships between nectar sugar composition 

and the other nectar traits, and we use a Principal Component Analysis (PCA) to determine 

whether nectar traits are related to the flowering characteristics. 

4. We found chiropterophilic plant species to produce sucrose-dominant nectar (1 species), 

sucrose-rich nectar (2 species), hexose-rich nectar (8 species), and hexose-dominant nectar (1 

species).  No significant relationships between sugar percentages (sucrose, glucose and 

fructose) and nectar volume and concentration were found.  A general pattern within the 

chiropterophilic plant community was found in which species with large flower production 

offered copious hexose-rich nectars and, plants with low flower production offered concentrated 

nectar with higher sucrose content. 

 

5. Our results suggest that: 1) ecological factors play an important role in determining nectar 

sugar composition; and 2) flowering and nectar production pattern could be related to different 

energy costs associated to producing flowers and nectar in chiropterophilic plant species. 

 

Key-words:  chiropterophilic plants, nectar, sugar composition.  
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Introduction 

Nectar constitutes the most important floral reward that plants offer to pollinators (Simpson & 

Neff 1983).  The three most common and abundant sugars in nectar are by far the hexose 

monosaccharides glucose and fructose, and the disaccharide sucrose (Baker & Baker 1983).  

Sugar composition and other characteristics of nectar vary with biochemical, ecological and 

evolutionary factors (Baker, Baker & Hodges 1998, Nicolson 1998, Ornelas et al. 2007). 

 

Biochemically, sugar composition of nectar may vary due to changes in the activity of nectary 

enzymes and to osmoregulation processes caused by the osmotic pressure generated by the 

different sugars (Nicolson 1998; Nicolson & Fleming 2003).  Nectar sugars are derived from 

sucrose translocated in phloem sap.  This sucrose rich nectar is either hydrolyzed by the activity 

of the invertase enzymes into glucose and fructose or it is secreted without prior hydrolysis as 

sucrose (Nicolson 2002; De la Barrera and Nobel 2004).  The final composition of nectar is 

determined by both the activity and amount of nectary invertase enzymes (Woodson & Wang 

1987; Sturm & Guo-Qing 1999).  Sucrose hydrolysis into hexoses increases nectar osmolality, 

causing water to move from the nectar walls into nectar and thus resulting in more dilute nectars 

(Nicolson 1998; 2002).  As a consequence, nectar sugar composition could affect other nectar 

traits such as volume and concentration.  For example, a dichotomy among volume and 

concentration with sugar composition has been observed in bird pollinated flowers in which 

dilute and copious nectar is generally hexose-rich, while concentrated and less copious nectar 

is usually sucrose-rich (Baker & Baker 1982; Martínez del Rio, Baker & Baker 1992, Nicolson 

1998, Nicolson & Fleming 2003, Lotz & Schondube 2006).  Nevertheless, this pattern has not 

been evaluated for chiropterophilic flowers. 

 

Variation in sugar composition, nectar volume and concentration are also affected at ecological 

and evolutionary levels by plant mechanisms that are selected based on nectar production 

costs and, by their pollinators´ physiology.  Nectar production is costly for the plant in terms of 

the amount of dry mass or energy investment (Pleasants & Chaplin 1983, Southwick 1984, 

Pyke 1991, Ashman & Shoen 1997).   However, Harder & Barrett (1992) and Golubov et al, 

(2004) suggest small energetic costs of nectar production.  Lanza et al. (1995) explained 
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differences in nectar volume on the basis of a cost- benefit balance, in which plants are “fitter” 

when they produce the smallest possible nectar volume to attract their pollinators. 

 

Additionally, preferences of nectarivore foragers based both on their morphology and 

physiology could have selective effects on the evolution of nectar characteristics (Heinrich & 

Raven 1972; Faegri & van der Pijl 1979; Baker & Baker 1982; Erhardt 1991; Martinez del Ro et 

al. 1988; 1992; Baker et al. 1998; Martinez del Rio, Schondube & McWhorter 2001, Ornelas et 

al. 2007).  However, in the case of Neotropical nectarivorous bats Herrera (1999) and 

Rodríguez-Peña et al. (2007) found no evidence that bats prefer the dominant sugar 

composition in their natural food stuff (hexoses; Baker & Baker 1982, Baker et al. 1998).  This 

finding cast doubt on the validity of the hypothesis that bats´ preferences act as selective 

pressures on the nectar composition of the plants they visit.  The prevalence of hexose-

dominated nectars among bat-pollinated plants in the Neotropics does not appear to be a result 

of bats preferring hexose-dominated nectar.  The predominance of hexose-rich chiropterophilic 

flowers is an ecological pattern that remains to be explained. 

 

The goal of our study was to understand the biochemical, ecological and evolutionary factors 

that influence sugar composition of chiropterophilic plant species.  We collected the nectar of 12 

plant species that previously have been recognized as principally visited and presumably 

pollinated by bats in the tropical dry forest of Jalisco, Mexico (Stoner et al. 2003), and 

determine: 1) their nectar sugar composition, volume and concentration; 2) how their sugar 

composition is related to other nectar traits (volume and concentration); and  3) if flowering 

characteristics of plants are connected with a suit of nectar traits.  We hypothesized that 

because bats’ sugar preferences (Rodríguez-Peña 2007) are important in determining sugar 

composition in nectar, a lack of a distinctive sugar composition would be associated with the 

chiropterophilous syndrome, and we expected to find a large variation in sugar composition 

among our study species.  Second, because an increase in nectar osmolality in hexose-rich 

nectars causes water to move from the nectary walls into nectar (Nicolson 2002), we expected 

plants with hexose-dominate nectars to produce large volumes of diluted nectars, while plants 

with sucrose-dominate nectars should produce small quantities of concentrated nectar.  Finally, 
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because flowering characteristics and nectar traits are related to nectar production costs 

(Southwick 1984; Pyke 1991), we predicted that plant species with large flower production 

during a short period would produce dilute and abundant hexose-rich nectars, whereas plant 

species with low flower production during a long period should produce smaller volumes of 

more concentrated nectar dominated by sucrose. 

 

Materials and methods 

Study site and nectar samples  

Nectar samples were collected at the Chamela-Cuixmala Biosphere Reserve on the central 

Pacific coast of Mexico (ca. 19º22’-19º35’N, 104º56’-105º03´W).  The predominant vegetation 

type is tropical lowland deciduous forest with patches of riparian forest (Lott 1993).  Twelve 

plant species constitute the main part of the annual diet of nectarivorous bats in this region 

(Stoner et al. 2003).  The number of flowers sampled per plant was variable because of 

differences in flowering strategies among species and the differences in the number of open 

flowers among individuals.  The average number of flowers collected per species was 57.0 ± 

66.7 SD.  The minimum number of flowers collected was 7 for Acanthocereus occidentalis and 

Stenocereus chrysocarpus (Cactaceae), while the maximum number of flowers collected was 

240 for Ceiba pentandra (Malvaceae).  For details on flowering characteristics of plant species 

see Stoner et al. (2003).  To collect the nectar, we covered mature flower buds using mesh 

bags 1 hour before sunset.  One hour after anthesis nectar was extracted and volume 

measured with glass capillary tubes (µl), and placed on Whatman No. 1 filter paper. 

  

Nectar traits 
Volume, concentration, and sugar composition were measured for each flower collected.  One 

drop of nectar was placed on a Leica® hand refractometer and concentration was measured in 

sucrose equivalents [% sugar = (sugar mass/total mass) x 100].  

 

Sugar composition was analyzed using the Medium Infrared Reflectance Method (MIR).  

Samples were analyzed in a Spectrum 2000 FT spectrophotometer (Perkin Elmer, Boston, MA, 

USA; following Flores et al. 2003).  Multidimensional statistical analysis was performed with 

Quant software (Nicolet, Madison, WI, USA) using the Partial Least Squares PLS algorithm to 
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determine sugar composition.  The spectra modifications employed were normalized with a 

baseline correction using the second derivative, and suppression of the signals of water and 

carbon dioxide (Flores et al. 2003).  Sugar ratios were obtained (sucrose to glucose plus 

fructose: S/G +F) to compare nectar sugar ratios between plant species.  We recognized four 

classes of nectar: sucrose-dominant when sucrose / (glucose + fructose) ratio was greater than 

0.999; sucrose-rich when ratios were between 0.5 and 0.999; hexose-rich when ratios were 

between 0.1 and 0.499; and hexose-dominant when ratios were less than 0.1, following Baker & 

Baker (1982).  Although in this study we still use Baker´s terminology to facilitate comparisons 

within the literature, we also included the individual sugar percentages for all plant species as 

suggested by Nicolson & Thornburg (2007). 

 

Phylogenetic and non-phylogenetic relationships between nectar sugar composition and other 

nectar traits 

To identify interspecific relations among sugar composition and nectar volume and 

concentration, we performed both linear effect models and phylogenetically independent 

contrasts (PICs; Felsestein 1985, Garland et al. 1992).  We used the percentage of glucose, 

fructose and sucrose as independent variables and nectar volume and concentration as the 

response variables in separate models.  Additionally the flower nested in tree was included in 

the random part of the model.  The models were fitted using the maximum likelihood method.  

For the PICs analysis, the response and explanatory variables were the same considered in the 

linear mixed effect models.  We first built a preliminary phylogeny using the on-line phylogenetic 

tool “phylomatic” (http://www.phylodiversity.net) applying the maximum resolution for the seed 

plants phylogenetic tree.  In order to get a fully dichotomous phylogeny we improved the 

preliminary phylogeny by randomly solving polytomies following Grafen (1989).  Since some of 

the plant species we analyze in this study have not been considered previously in phylogenetic 

studies, branch lengths for our phylogeny are unknown.  To conduct our analysis we assigned a 

length of one to all branches.  We adjusted P values using the sequential Bonferroni correction.  

All analyses were performed using R®. 

 

Relationships among flowering strategies and nectar traits 

http://www.phylodiversity.net/
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We performed a principal component analysis (PCA), using JMP® version 8 software, to 

determine whether sugar percentages, and nectar volume and concentration were associated 

with the flowering characteristics of the sampled plant species.  Flowering patterns were 

categorized following Stoner et al. (2003).  We measured: 1) the number of months that a plant 

species has flowers, and 2) the number of flowers produced per individual per month.  This last 

value was categorized in three groups as follows: (a) 1–99 flowers per month, (b) 100–999 

flowers per month, and (c) more than 1000 flowers per month. 

 

Results 

Nectar traits 

We collected seven hundred and three flowers from 12 species in 5 families (Appendix 1).  The 

flowers of the 12 plant species fall into the four distinct sugar composition groups using Baker´s 

terminology: 1 sucrose-dominant species, 2 sucrose-rich species, 8 hexose-rich species, and 1 

hexose-dominant species.  Nectar sucrose showed a right-skewed normal distribution, with an 

average of 25.46 ± 16.43%.  Sugar in the form of hexoses showed a left-skewed normal 

distribution with an average of 74.54 ± 16.43 % (Fig. 1).  

 

Total nectar concentration showed a normal distribution with an average value of 18.07 ± 3.75% 

(Fig. 1) and a range from 3% in C. pentandra (Malvaceae) to 33% in A. occidentalis 

(Cactaceae; Appendix 1).  Nectar volume at anthesis showed a right-skewed non-normal 

distribution with an average of 151.37 ± 144.27µl (Fig. 1).  Values ranged from 10 µl in H. 

baruensis (Malvaceae) to 1040 (µl) in C. aesculifolia (Malvaceae; Appendix 1). 

 

Phylogenetic and non-phylogenetic relationships between nectar sugar composition and other 

nectar traits 

Nectar concentration showed a statistically phylogenetic signal (P = 0.001) with a K-statistic 

value of 1.56 (Table 1). Relationships between the percentage of sugars in nectar and nectar 

concentration were statistically insignificant when corrected with the Bonferroni adjustment  for 

both the linear effect models and PICs (Table 2). 



Rodríguez-Peña 2011 Página 62 
 

 

Relationships between flowering strategies and nectar traits 

 

The principal component analysis explained 75.87% of the overall variability of nectar traits and 

species’ flowering characteristics among the chiropterophyllic plant community and synthesized 

this into two principal components (Fig. 2).  The first principal component (PC1) explained 

49.48% of the variation and was related to the sugar composition of nectar generating a 

gradient that segregated hexose-rich nectars (loadings = 0.49 and 0.46 for glucose and 

fructose, respectively) from sucrose-rich nectars (loading = -0.5).  The second principal 

component (PC2) explained 26.40% and was related to the number of flowers produced per 

individual per month, nectar concentration, flowering duration and nectar volume (loadings = 

0.6, -0.53,-0.37, and 0.34 respectively) and delineates two patterns of nectar production in 

relation to their flowering characteristics.  On one side, plants that in general produce more 

flowers per night (Crescentia alata, Bahunia pauletia, and all Malvaceae sampled species 50-

1000 flowers except Ceiba grandiflora and Helicteres baruensis which produced 10 and 5 

flowers per individual per night, respectively), all of them with copious (202.02 ± 173.36 µl) and 

dilute (17.12 ± 1.81 w/w) hexose-rich nectars.  On the other side, plants that offer fewer flowers 

per night (5 to 30) with less (103.17 ± 81.07 µl) and more concentrated (25.22 ± 1.99 w/w) 

nectars with higher sucrose proportions (Ipomoea ampullaceae and all the sampled Cactaceae 

species). 

Discussion 

The role of the biochemical, ecological, and evolutionary factors influencing nectar traits of 

chiropterophilic plants have been studied very little (Rodríguez-Peña et al 2007, Herrera1999 a, 

b, Baker et al. 1998).  Our results showed that flowering characteristics of plants are related to 

differences in nectar sugar composition in chiropterophyllic plants.  As predicted, we found a 

large variation in sugar composition among the studied plant species.  Our results indicate that 

chiropterophyllic plant species can produce sucrose-dominant nectars (Acanthocereus 

occidentalis); sucrose-rich nectars (Pseudobombax ellipticum and Bahuinia pauletia); hexose-

rich nectars (Crescentia alata, Ceiba grandiflora, Ceiba pentandra, Helicteres baruensis, 

Pachycereus pecten, Stenocereus chrysocarpus, Stenocereus standleyi and Ipomoea 
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ampullaceae); and hexose-dominant nectars (Ceiba aesculifolia).  Although we also predicted 

that plants with hexose-dominate nectars should produce larger volumes of diluted nectars, 

while flowers with sucrose-rich nectars should produce smaller quantities of concentrated 

nectar, we found no significant relationships between all three sugar percentages in nectar and 

volume and concentration.  Finally, as predicted, plant species  with large daily flower 

production had more dilute and abundant hexose-rich nectars, whereas plant species  offering 

fewer flowers produced smaller volumes of more concentrated nectar with a higher proportion of 

sucrose.  In this section we first comment on the large variation in sugar composition among the 

studied plant species.  Then, we present the role that biochemical factors could have on nectar 

sugar composition.Finally, we discuss the relationship between nectar traits and flowering 

patterns and their ecological implications for bats. 

 

Nectar sugar composition of chiropterophyllic plant species 

Our results showed that nectar sugar percentages of 9 out of 12 chiropterophyllic plant species 

have greater proportions of hexoses over sucrose.  These results concur with those previously 

reported for bat-pollinated plants (Baker et al.1998).  However, the other three species were 

found to produce sucrose-rich nectars.  Sucrose percentages found for two of these species, P. 

ellipticum and B. pauletia, where very close to the sucrose values that have been used to 

discriminate between nectar types (S= 33 % following Baker & Baker 1982).  The highest 

sucrose value obtained for cchiropterophyllic nectars in this study was 53.98% in 

Acanthocereus occidentalis (Cactaceae; Appendix 1).  The high sucrose values exhibited by A. 

occidentalis (S= 53.98%) compared to the other chiropterophyllic plant species suggest that 

effective pollination of this speices may occur by another pollinator type in this region.  

Indeed,Grant and Grant (1979) mention that this species  has a hawkmoth pollinated flower, 

characterized by strongly scented night-blooming flowers with white or whitish long perianths 

and floral tubes. 

 

Recently, Nicolson and Thornburg (2007) suggest that Baker´s terminology places too much 

value on the sucrose content of nectar because the transition value from “hexose-rich” to 

“sucrose-rich” is only 33% sucrose, when it should be 50% sucrose.  These authors argue that 



Rodríguez-Peña 2011 Página 64 
 

a sugar ratio of 1.0 should be more appropriate to describe a “balanced” nectar (containing 

equal weights of sucrose and hexoses) instead of considering a balanced nectar as one with 

equal weights of the three sugars.  These authors also argue that because the percentages of 

the three sugars are not independent, we should avoid the use of sugar ratios.  However, this 

discussion on the best way to describe the dominance of different sugars in nectar needs to 

take into account the capacity of floral visitors to assimilate the different sugars present in 

nectar (Lotz & Schondube 2006).  A ratio of 1 would be a good measurement of a balanced 

nectar when the limiting factor for sugar assimilation is sucrose digestion.  However, if glucose 

and fructose have different assimilation efficiencies, evaluating nectar composition in a 

proportional way for the different sugars could be a better way to understand the interaction 

between the plant and its floral visitors. 

 

Similar to results reported in previous studies (Baker et al. 1998, Chalcoff et al. 2006, Wolff 

2006, Hölseher et al. 2008, Wenzler et al. 2008), the fructose percentages we obtained were 

higher than those of glucose in almost all of the plant species (10 out of 11; Appendix 1). It has 

been assumed that the similar amounts of glucose and fructose present in floral nectars are the 

result of enzymatic breakdown of sucrose by invertase activity in the nectar (Elias, Rozich & 

Newcombe 1975; Nicolson 2002; Nicolson & Fleming 2003, Lotz & Schondube 2006, Santos 

2006).  However, the nectar sugar percentages of chiropterophyllic plants in our study indicates 

that more mechanisms than sucrose digestion by the invertase enzymes in the nectary are 

involved in determining the final composition of sugars in nectar. These additional factors may 

inlucde the presence of micro organisms (Lüttge 1961), occurrence of oligosaccharides in 

nectar (Lüttge 1962), and other metabolic processes involved in nectar formation (Wenzler et al. 

2008).  The presence of additional amounts of fructose in the nectar of chiropterophyllic plants 

is not easy to explain, and seems to be independent of the presence of sucrose and glucose.  

This topic remains to be further studied. 

 

The large gradient in sugar composition we found suggests that phyllostomid bats are not acting 

as a selective pressure to mold the sugar composition of the plants they visit.  As suggested by 

Herrera (1999) and Rodriguez-Peña et al. (2007), this could be due to the lack of preference for 
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different sugars shown by nectar-eating bats.  This finding is also supported at a physiological 

level by the results of Ayala-Berdón et al. (2008) and Herrera and Mancina et al. (2008), who 

found that the consumption of the different sugar types does not appear to be limited by the gut 

capacity to process them in nectar-feeding bats.  Additionally, the activity of the enzyme 

sucrose in the gut of nectar and fruit eating phyllostomid bats is high enough to assimilate all 

the sucrose present in nectar and fruit (Hernandez & Martinez del Rio 1992, Schondube et al. 

2001).  Because nectar-eating phyllostomid bats have large sucrase activity, and perceive both 

sucrose and hexoses as energetically equivalent, there is no digestive reason for them to be 

selective for the sugar composition of nectar when feeding in the field.  This is similar to what 

Lotz & Schondube (2006) proposed for hummingbirds and what Herrera (1999 b) proposed for 

bats.  They suggested that birds and bats with a large capacity to digest sucrose should be able 

to use all nectar sources regardless of their sugar composition, acting as generalist pollinators 

that could release selective pressures on the sugar composition of the plants they visit. 

 

Phylogenetic and non-phylogenetic relationships between nectar sugar composition and other 

nectar traits 

 

Our results showed no significant relationships between all three sugar percentages in nectar 

and volume and concentration.  Our results did not concur with those reported for bird-pollinated 

plants, in which a dichotomy among volume and concentration related to sugar composition has 

been observed (Baker & Baker 1983; Baker et al. 1998; Nicolson & Fleming 2003).  In this 

dichotomy dilute (20 – 25% w/w) and copious nectars are generally found to be hexose-rich 

(63.0 ± 61.7% sucrose mean ± S.D.) while concentrated and less copious nectars are usually 

sucrose-rich 64.4 ± 18.5% (mean ± S.D.; Nicolson 1998; Nicolson & Fleming 2003).  Though, 

this was an unexpected result, we believe that the lack of a significant relation between sugar 

composition and nectar volume and concentration in this study could be due to the small 

sample size of chiropterophyllic plants (12 species) analyzed in this study.  The relationship 

between sugar composition and nectar volume and concentration in chiropterophyllic plants is a 

topic that remains to be studied. 
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The relationship of flowering strategies with sugar composition and other nectar traits 

 

Our results showed the existence of a general pattern within the chiropterophyllic plant 

community in which species with large flower production offer copious hexose-rich nectars, and 

plants with low flower production offer concentrated nectar with higher sucrose content.  We 

believe that this pattern could be related to different energy costs associated with producing 

flowers and nectar. 

 

Energy is transported as sucrose in the plant (De la Barrera and Nobel 2004, Nicolson & 

Fleming 2003).  This makes the secretion of sucrose-rich nectars less costly than the secretion 

of hexose-rich nectars.  By secreting sucrose-rich nectars, plants could save the energy 

necessary to produce invertase enzymes needed to break down sucrose into hexoses in the 

nectary (De la Barrera & Nobel 2004).  However the secretion of hexoses could also have some 

energetic advantages.  Plants secreting hexose-rich nectars would produce more volume of 

nectar per amount of sugar invested, becoming more attractive to floral visitors (Nicolson & 

Fleming 2003). 

 

In the case of a pollinator indifference to sucrose or hexose nectars (Lotz & Schondube 2006, 

Rodríguez-Peña et al. 2007), sucrose may be the dominant nectar sugar, but this was not the 

case in our data set, with 9 out of 12 of the chiropterophyllic plant species producing hexose-

rich nectars.  This result suggests that plant characteristics could be more important than floral 

visitors in determining nectar traits in chiropterophyllic plants.  Among the different plant 

characteristics, we found a relationship between flowering patterns and nectar traits. 

 

Baker & Baker (1983) mentioned that plant species pollinated by large animals such as birds 

and bats tend to produce large amounts of nectars based on a cost-benefit basis (Baker & 

Baker 1983).  Flower visiting birds and bats need large amounts of nectar because they are 

larger than other pollinators, and have greater energy requirements associated with their 

metabolic expenses.  Despite the potentially greater costs associated with attracting and 

rewarding these pollinators, they offer several advantages including: 1) they are highly mobile, 
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2) they have the capacity to move large pollen loads, and 3) their daily and seasonal tracking of 

nectar resources adds to their value as effective pollen vectors (Fleming 1982; Renner & 

Ricklefs 1995; Fleming & Muchhala 2008). 

 

To attract nectar-feeding bats, chiropterophyllic plants do not have to offer a specific sugar 

composition or concentration, this allows them to exhibit different flowering patterns and nectar 

traits. One strategy is found inplants that invest the energy necessary to generate invertase 

enzymes and to produce hexose-rich nectar offering more volume per amount of sugar invested 

in a large number of flowers per night.  A second stragegy is found in plants that save the 

energy necessary to produce the invertase enzymes needed to break down sucrose into 

hexoses, and produce concentrated nectars with a greater proportion of sucrose in less volume 

of water, offering a lower flower number per night.  Plants using either of these two strategies 

will attract bats if they offer nectars with a sugar concentration higher than 15 % (w/w; 

Rodríguez-Peña et al. 2007, Ayala-Berdón et al. 2008; Ayala-Berdón, Schondube & Stoner 

2009).  The constraints that determine which strategy each plant species uses seems to be 

related to their abilities to store photosyntetases and water (Bazzaz & Carlson 1979; Southwick 

1984). 

 

Plants that produce few flowers per individual with concentrated sugar nectars tend to be visited 

only by a few pollinators of several species.  These floral visitors spend short foraging periods in 

a plant and then move to another plant, and in most cases travel long distances between 

conspecific individuals (Heinrich & Raven 1972; Frankie et al. 1976).  Plants that produce large 

number of flowers with more diluted sugar nectar tend to attract several individuals of the same 

pollinator species, which stay close to the plant for long periods of time (Sperr et al. 2010).  

Interestingly, it has been found that nectar-feeding bats present two contrasting foraging 

strategies when they are confronted with different nectar concentrations: 1) when feeding on 

concentrated nectars bats eat less food and spend large amounts of time flying, and 2) when 

feeding at intermediate or low sugar concentrations they ingest larger volumes of nectar, and 

reduce the time they spend flying (Ayala-Berdón et al. 2008, and unpublished data).  These two 

foraging strategies allow the bats to respond effectively to the two different flowering strategies 
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used by the plants they visit in the field.  It is unclear how the concordance between the 

behavioral responses of bats to changes in sugar nectar concentration and the flowering 

strategies of chiropterophyllic plants evolved.  This is a topic that requires further research. 
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Tables 

 

Table 1. — Phylogenetic signal.  K statistic indicating amount of phylogenetic signal and 

significance test for presence of phylogenetic signal (Blomberg et al. 2003). 

 

Table 2. — Results of ordinary and phylogenetically independent contrasts (PIC) evaluating the 

effect of nectar attributes on specific sugars.  Data were analyzed with linear regression models 

(Ordinary) and phylogenetically independent contrasts (PIC).  The slopes (Coefficients) and 

standard error are displayed along with  the F value and associated P value.  Degrees of 

freedom are 1 and 10 in all cases.  Significant values  are presented in bold (P <0.5).  α values 

(corrected P) were adjusted by the Bonferroni method. 
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Table 1. 

Nectar trait K P signal 

Sucrose 0.54 0.62 

Glucose 0.48 0.76 

Fructose 0.62 0.33 

Volume 0.58 0.19 

Concentration 1.56 0.001 

 



Rodríguez-Peña 2011 Página 78 
 

Table 2. 

Sugar Nectar attribute Analysis Coefficient 

± SE 

F Statistic P Adjusted 

P 

Sucrose Volume Ordinary -25.86 ± 11.34 2.28 0.04 0.14 

  PIC -29.39 ± 27.33 2.35 0.04 0.12 

 Concentration Ordinary 0.27 ± 0.97 0.78 0.78 2.35 

  PIC 0.05 ± 1.77 0.001 0.97 2.93 

Glucose Volume Ordinary 13.91 ± 7.76 1.79 0.11 0.33 

  PIC 19.37 ± 8.27 2.34 0.04 0.12 

 Concentration Ordinary 0.05 ± 0.62 0.006 0.93 2.79 

  PIC 0.03 ± 1.17 0.005 0.98 2.94 

Fructose Volume Ordinary 11.95 ± 5.10  2.34 0.04 0.12 

  PIC 10.01 ± 5.77 1.74 0.11 0.34 

 Concentration Ordinary -0.32 ± 0.43 0.56 0.47 1.41 

  PIC -0.08 ± 0.75 0.01 0.92 2.75 

Hexose Volume Ordinary 25.86 ± 11.34  2.79 0.04 0.14 

  PIC 29.39 ± 12.50 2.35 0.04 0.12 

 Concentration Ordinary -0.27 ± 0.96 0.08 0.78 2.35 

  PIC -0.05 ± 1.77 0.001 0.97 2.93 

 

.
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Figures 

 

Figure 1. Nectar concentration (% w/w), nectar volume (µl), and sugar composition (% total 

sugar as sucrose and hexoses) mean values per species of chiropterophyllic plant. 

 

Figure 2. Principal component analysis showing how the flowering strategies of the study plants 

were related to nectar traits of chiropterophyllic plants. The first two axes explained 75.87 % of 

total inertia (49.48 %, and 26.40 %, respectively, for Axis 1 and Axis 2). Axis 1 represents sugar 

composition (capitalized bold text). Axis 2 represents number of flowers, nectar concentration, 

flowering duration and nectar volume at anthesis (italics text). Numbers indicate plant species: 

(1) Crescentia alata (Bignoniaceae), (2) Ceiba aesculifolia (Malvaceae), (3) Ceiba grandiflora 

(Malvaceae), (4) Ceiba pentandra (Malvaceae), (5) Pseudobombax ellipticum (Malvaceae), (6) 

Helicteres Baruensis (Malvaceae), (7) Acanthocereus occidentalis (Cactaceae), (8) 

Pachycereus pecten (Cactaceae), (9) Stenocereus chrysocarpus (Cactaceae), (10) 

Stenocereus standleyi (Cactaceae), (11) Ipomoea ampullacea (Convolvulaceae), (12) Bauhinia 

pauletia (Fabaceae), (12)  
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FIG 1. 
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FIG 2. 
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APPENDIX 1.— Nectar traits of 12 chiropterophyllic plant species in the Tropical Dry Forest at 

the Chamela-Cuixmala Biosphere Reserve.  Volume: mean ± SD (range) (nb of flowers/nb 

individuals).  Concentration: mean ± SD (range) (N flowers/N individuals).  Sugar ratios and 

nectar type: sucrose-dominant (SD) = sucrose/(glucose + fructose) ratio is greater than 0.999; 

sucrose-rich (SR)= ratios between 0.5 and 0.999; hexose-rich (HR) = ratios between 0.1 and 

0.499; and hexose-dominant (HD) = ratios less than 0.1). 
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CAPÍTULO 5. 
 

DISCUSION Y CONCLUSIONES GENERALES 
 

En el SEGUNDO capítulo de esta tesis titulado, “Efecto de la composición y concentración 

de azúcares sobre la selección de los recursos”, determiné el papel que ejercen la 

composición y concentración de azúcares en el néctar sobre las decisiones de forrajeo en dos 

especies de murciélagos nectarívoros con diferentes estrategias de uso de néctar: 

Leptonycteris yerbabuenae, y Glossophaga soricina.  Los resultados indicaron que los 

murciélagos nectarívoros no tienen preferencia por soluciones de hexosas sobre soluciones de 

sacarosa.   

 

Los murciélagos nectarívoros perciben tanto a las hexosas como a la sacarosa como 

energéticamente equivalentes.  Los resultados sugieren que los murciélagos nectarívoros 

tienen la misma capacidad para asimilar las hexosas y la sacarosa.  

Leptonycteris yerbabuenae y Glossophaga soricina difieren en su capacidad para discriminar 

entre soluciones con concentraciones de azúcares contrastantes.  Este resultado sugiere que 

los murciélagos nectarívoros más especializados son capaces de discriminar entre diferencias 

más pequeñas en la concentración de azúcares en el alimento. 

 

En el TERCERO capítulo titulado: “Los aminoácidos del néctar modifican la selección del 

alimento en murciélagos nectarívoros”, estudié el papel que ejercen los aminoácidos del 

néctar sobre las decisiones de forrajeo en dos especies de murciélagos nectarívoros con 

diferentes estrategias de uso de néctar: Leptonycteris yerbabuenae, y Glossophaga soricina.  

Ambas especies de murciélagos son indiferentes a la presencia de nitrógeno en néctar.  Esta 

indiferencia sugiere que los murciélagos no consideran el néctar como una fuente importante 

de nitrógeno.  Sin embargo, ambas especies de murciélagos son indiferentes a 

concentraciones contrastantes de azúcar cuando éstas fueron adicionadas con aminoácidos, y 

Leptonycteris yerbabuenae tuvo preferencia por la concentración de azúcar más alta cuando 

las dietas fueron preparadas sin aminoácidos.  Lo que sugiere que el sabor generado por los 
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aminoácidos en el néctar reduce su capacidad para discriminar entre las concentraciones de 

azúcar. 

 

La preferencia consistente de Leptonycteris yerbabuenae por la abundancia relativa de los 

aminoácidos en el néctar de Pachycereus pecten (Cactaceae) sobre el de Ceiba aesculifolia 

(Malvaceae) sugieren que estos murciélagos pueden detectar y reconocer el sabor que la 

mezcla de aminoácidos proporciona al néctar.  Este patrón no se encuentra en Glossophaga 

soricina.  Este resultado sugiere que los murciélagos nectarívoros más especializados son 

capaces de discriminar entre la composición de aminoácidos en el néctar. 

 

Este capítulo demuestra que a pesar de la baja concentración a la que los aminoácidos se 

encuentran en el néctar, éstos pueden afectar las decisiones de forrajeo de los murciélagos 

nectarívoros.  Finalmente, el hecho de que la concentración de aminoácidos en el néctar tiene 

la capacidad de confundir a los murciélagos para distinguir entre concentraciones de azúcares 

y, que algunos murciélagos tienen preferencias por el sabor que algunos aminoácidos 

proporcionan al néctar de especies de plantas específicas, sugiere que las plantas pueden 

utilizar la variación en este característica para atraer a los murciélagos polinizadores. 

 

Finalmente, en el CUARTO capítulo titulado “Factores que afectan la composición de 

azúcares en plantas quiropterofílicas”, determiné el efecto que los factores bioquímicos y 

ecológicos evolutivos de la planta tienen sobre la composición de azúcares, concentración y 

volumen en el néctar.  El néctar de las 12 especies de plantas quiropterofílicas analizadas en 

este capítulo de acuerdo con la terminología propuesta por Baker y Baker (1982) es: dominado 

por sacarosa (1 especie), rico en sacarosa (2 especies), rico en hexosas (2 especies) y 

dominado por hexosas (1 especie).  

 

Los resultados mostraron relaciones no significativas entre los porcentajes de azúcares 

(glucosa, fructosa y sacarosa) y el volumen y la concentración del néctar en las especies de 

plantas quiropterofílicas analizadas.  Nuestros resultados no coinciden con lo reportado para 

plantas polinizadas por aves, en donde se ha encontrado una dicotomía, en la que los néctares 
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dominados por hexosas son diluidos y copiosos, mientras que los néctares dominados por 

sacarosa son concentrados y con menos volumen (Baker & Baker, 1983;. Baker et al 1998; 

Nicolson & Fleming 2003). 

Los porcentajes de fructosa obtenidos en este estudio son más altos que los de glucosa en casi 

todas las especies (11 de un total de 12) lo que concuerda con lo reportado por (Baker et al. 

1998, Chalcoff et al. 2006, Wolff 2006, Hölseher et al. 2008, Wenzler et al. 2008).  Esto 

significa, que la relación fructosa : glucosa no es de 1:1.  La composición de azúcares en las 

especies de plantas quiropterofílicas analizadas en este estudio sugiere la existencia de otros 

mecanismos, además de la digestión de sacarosa en el nectario, que pueden estar 

involucrados al momento de determinar la composición final de azúcares en el néctar. 

 

Nuestros resultados muestran que entre la comunidad de plantas quiropterofílicas hay dos 

estrategias en la producción de néctar: 1. La planta invierte en la energía necesaria para 

producir la enzima invertasa necesaria para hidrolizar la sacarosa en hexosas, y ofrecer 

néctares a altos volúmenes con menor cantidad de energía en un gran número de flores por 

noche y, 2. La planta invierte la energía necesaria para producir néctares concentrados con 

mayores proporciones de sacarosa, en un número menor de flores por noche.  Este patrón 

podría estar relacionado con los costos de energía asociada a la producción de flores y néctar. 

 

A manera de conclusión, la prevalencia de néctares dominados por hexosas en plantas 

polinizadas por murciélagos no parece ser el resultado de las preferencias de los murciélagos, 

sino de decisiones intrínsecas de la planta.  Los resultados obtenidos en este estudio rechazan 

la hipótesis de que los animales nectarívoros tienen preferencia por los azúcares más comunes 

en su dieta natural.  El hecho de que la concentración de aminoácidos en el néctar tiene la 

capacidad de confundir a los murciélagos para distinguir entre concentraciones de azúcares y, 

que algunos murciélagos tienen preferencias por el sabor que algunos aminoácidos 

proporcionan al néctar de especies de plantas específicas, sugiere que las plantas pueden 

estar utilizando la variación en esta característica para atraer a los animales nectarívoros  En 

las especies de plantas quiropterofílicas los factores ecológicos, juegan un papel importante 

para determinar la composición de azúcares del néctar.  En estudios futuros es importante 
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determinar por una parte, la existencia de otros mecanismos, además de la digestión de 

sacarosa en el nectario, que pueden estar involucrados al momento de determinar la 

composición final de azúcares en el néctar.  Por otra parte, aún no está claro cómo la 

concordancia entre las respuestas de comportamiento de los murciélagos a los cambios en la 

concentración de azúcar en el néctar y las estrategias de floración de las plantas 

quiropterofílicas han evolucionado. 
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