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Abstract 

Objectives: The aim of this study was to measure the dietary variation of Mormoops 

megalophylla between sexes, reproductive status and climatic season in Macaregua cave, 

located in Northeastern Andes of Colombia. Scope: Characterization of M. megalophylla 

diet and its changes at intraspecific (sex, reproductive state) and temporal scale (climatic 

season) in order to contribute to the natural history knowledge of this species. 

Methodology:  We collected fecal samples and vaginal smears for 377 individuals. For 

fecal sample, insect orders were identified, and reproductive status was identified for 

each individual bat. We used Chi-square test (χ2) to assess differences between sexes in 

the frequency of food items consumed by bats and we applied Levin´s index (Ba) to 

estimate dietary breadth in reproductive and non-reproductive bats. We recorded the 

proportion of insect consumption during the five months of bat sampling to parse out the 

variation between dry (December-January) and wet season (April, August, September). 
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Main results: M. megalophylla has a highly specialized diet, selecting primarily for 

Lepidoptera insects. There were no statistical differences between sexes (χ2 = 4.01; p = 

0.406) but wider dietary breadth was found in reproductive bats (Ba = 0.34) in comparison 

to non-reproductive bats (Ba = 0.01). Probably, the specialization on Lepidoptera insects is 

explained by the high amounts of caloric energy that these insects can offer. As a result of 

the increased energetic demand during reproduction, a larger dietary breadth may help 

satisfy these requirements. It was remarkable the upward trend in Lepidoptera 

consumption from reproductive bats during the wet season, when moths are available. By 

contrast, non-reproductive bats increased Lepidoptera consumption in the dry season, 

possibly to prepare for next reproductive events.  Conclusion:  M. megalophylla is a rare 

species, which diet is made up of Lepidoptera insects. The analysis of diet over time allows 

us to infer variations between climatic seasons and reproductive status; when individuals 

are reproductively active, they consume a greater amount of lepidoptera since these 

insects can provide large amounts of energy. The results of this work provide new and key 

information about the ecology of M. megalophylla in the northern part of its South 

American distribution. 

Key words: reproduction, feeding habits, vaginal smears, insectivorous bats, Macaregua 
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Variación en la dieta y estado reproductivo del murciélago de cara de fantasma 

(Mormoops megalophylla Peters, 1864) en una cueva del noreste de los Andes de 

Colombia 

Resumen 

Objetivos: El objetivo de este estudio fue analizar la variación en la dieta de Mormoops 

megalophylla entre sexos, el estado reproductivo y la época climática en la cueva 

Macaregua, ubicada en el noreste de los Andes de Colombia. Alcance: Caracterización de 

la dieta de M. megalophylla y sus cambios a nivel intraespecífico (sexo, estado 

reproductivo) y temporal (época climática) con el fin de contribuir en el conocimiento de 

la historia natural de esta especie. Metodología: A través de muestras fecales y citologías 

vaginales, se identificaron diferentes órdenes de insectos consumidos por murciélagos y el 

estado reproductivo de los mismos. Utilizamos la prueba de Chi cuadrado (χ2) para evaluar 

las diferencias entre sexos en términos de las frecuencias de consumo y aplicamos el 

índice de Levin´s (Ba) para estimar la amplitud de la dieta en murciélagos reproductivos y 

no reproductivos. Registramos la proporción de consumo de insectos durante cinco meses 

de muestreo para analizar la variación entre la época seca (diciembre-enero) y la húmeda 

(abril, agosto, septiembre). Resultados principales: Se encontró una alta especialización 

en la dieta de M. megalophylla, centrada principalmente en insectos lepidópteros. No 

hubo diferencias estadísticas entre los sexos (χ2 = 4.01; p = 0.406), pero se encontró mayor 

amplitud dietaria en los murciélagos reproductivos (Ba = 0.34) en comparación con los 

murciélagos no reproductivos (Ba = 0.01). Probablemente, la especialización en insectos 



lepidópteros se explica por las altas cantidades de energía calórica que pueden ofrecer 

para los murciélagos. Como resultado del alto gasto durante la actividad sexual, los 

murciélagos reproductivos demandan mayores requerimientos energéticos, lo que se 

demuestra en la mayor amplitud de la dieta. Fue notable el incremento en el consumo de 

lepidópteros por parte de los murciélagos reproductivos durante la época húmeda, en 

donde hay una mayor disponibilidad de lepidópteros. Contrariamente, los murciélagos no 

reproductivos aumentaron el consumo de lepidópteros en la época seca, posiblemente 

para prepararse para los próximos eventos reproductivos. Conclusión: M. megalophylla es 

una especie rara, cuya dieta se compone de insectos lepidópteros. El análisis de la dieta a 

lo largo del tiempo nos permite inferir variaciones entre épocas climáticas, estados 

reproductivos y consumo de lepidópteros; cuando los individuos están activos 

reproductivamente tienden a incrementar la proporción de consumo de lepidópteros 

dado que estos pueden aportar grandes cantidades de energía. Los resultados de este 

trabajo proporcionan información nueva y clave sobre la ecología de M. megalophylla en 

la parte norte de su distribución sudamericana. 

Palabras clave: reproducción, hábitos alimentarios, citologías vaginales, murciélagos 

insectívoros, cueva Macaregua. 

Introduction 

Approximately two-thirds of bat species are insectivores (HUTSON et al., 2001; AGUIRRE, 

2007). The Neotropics harbor more than the half of species belonging to this guild, 



however, the knowledge of natural history characteristics such as dietary composition is 

scarce (FABIÁN et al. 1990; WILLIG et al. 1993).  Dietary studies of insectivorous bats are 

imperative for a comprehensive analysis of their ecological role as regulators of insect 

populations (DEBELICA et al., 2006; KEMP et al., 2019). Several factors influence dietary 

specialization; for instance, intrinsic factors related with body size, developmental or 

reproductive status and sex, as well as extrinsic factors associated to seasonality, spatial 

distribution and nutritional value of food items may affect feeding behavior of bats 

(BOHLENDER et al. 2018). 

Among insectivorous bats, Mormoopidae family can be found, which includes Pteronotus 

and Mormoops genera. In Colombia, Mormoops is represented by a unique species: 

Mormoops megalophylla PETERS, 1864. This species is typically distributed from the south 

of North America (Arizona and Texas) to Northern Peru in South America (DÁVALOS et al., 

2008) and is found in a variety of habitats which comprises tropical forest, savannas, 

desert environments, among other ecosystems (NOWAK, 1991). In Colombia the species 

has been reported in the Caribbean and Andean regions, in Antioquia, Santander, Tolima, 

Bolivar, Cesar, Cordoba, La Guajira and Sucre departments (SOLARI et al., 2013). However, 

little is known about the ecology of this species. For example, in the trophic component, 

there are only two dietary studies (EASTERLA & WHITAKER, 1972; BOADA et al. 2003) but 

none of them study dietary variation among reproductive status and climatic season. 

In Colombia, dietary studies have been conducted mainly on frugivorous bat species 

(ESTRADA-VILLEGAS et al. 2007, 2010a; RÍOS-BLANCO & PÉREZ-TORRES, 2015; SUÁREZ-



CASTRO et al., 2015; AROCA et al., 2016; MONTOYA-BUSTAMANTE et al., 2016; 

BOHLENDER et al., 2018; CELY-GÓMEZ & CASTILLO-FIGUEROA In press). The few 

contributions focused on insectivorous bat diet have studied species from Molossidae and 

Emballonuridae (ARATA et al., 1967; RAMÍREZ-CHAVES et al., 2008; CRUZ-PARRADO et al., 

2018), but none has measured feeding habits of Mormoopidae family. The presence of 

colonies of M. megalophylla in caves of Santander department has been recorded 

(MUÑOZ-SABA, et al., 2013; PÉREZ-TORRES et al., 2015). Caves are optimal sites for 

dietary and reproductive investigations because of the high number of individuals that can 

be captured, which becomes critical in ecological studies given the difficulty of 

insectivorous bat sampling in other habitats such as forest (SOSA et al., 1996; ESTRADA-

VILLEGAS et al., 2010b). 

We explored dietary attributes of a population of M. megalophylla in a cave of 

Northeastern Andes of Colombia (Macaregua cave). Our objectives were: 1) describe its 

diet composition 2) evaluate the existence of dietary differences among sexes and parse 

out dietary breadth between reproductive status of individuals and 3) measure dietary 

variation over time, including two climatic seasons (dry and wet season). Because some 

studies had shown no significant differences in feeding habits between males and females 

of insectivorous bats (GAMBOA & DÍAZ, 2018), but also had shown the increase of insect 

consumption during reproductive season (SOSA et al., 1996), we expected to observe no 

differences between sexes and higher dietary breadth in reproductive bats than non-



reproductive bats.  Since food availability is not uniform during all the year, we expected 

to record variations in the proportion of insect consumption in the two climatic seasons. 

Materials and methods 

Study site 

Macaregua cave is located in Santander department, municipality of Curití (centroid of the 

study area: 6°39'36.2''N 73°06'32.3'' W), in an elevation of 1,566 meters (Figure 1) (PÉREZ-

TORRES et al., 2015). The cave is immersed in a remnant of tropical dry forest and 

agricultural fields of tobacco, maize, beans and coffee. Three insectivorous species inhabit 

this cave, of which Mormoops megalophylla is the most abundant (PÉREZ-TORRES et al., 

2015).  

Bat sampling 

Five field trips were conducted from April 2013 to January 2014, covering both dry season 

(December, January) and wet season (April, August, September). In each of the field trips, 

and with the intention of capturing the bats with their full stomachs after feeding, we 

positioned a mist net (2x6 m) at the entrance of the cave from 0200 to 0700 hours (Figure 

2). Each bat captured was placed in a cloth bag for maximum 30 minutes to collect his 

fecal samples. Standard morphometric measurements, sex, age category, and 

reproductive status were recorded for each individual (KUNZ, 1988). Voucher specimens 

(MUJ 1724-MUJ 1725) were deposited in Mammalian Collection at the Museo Javeriano 

de Historia Natural of Pontificia Universidad Javeriana (MPUJ-MAMM) (Bogotá, Colombia).  



Fecal samples and vaginal smears 

The samples were examined following the methodology described by WHITAKER et al. 

(2009). All insect parts (e.g. legs, antennae, proboscis, head, tarsal and tarsal claws) were 

separated and identified to order category using taxonomic keys of KRISTENSEN (1999) 

BORROR & WHITE (1970) and professional entomologists from Pontificia Universidad 

Javeriana (Dimitri Forero) and CORPOICA institution (Edgar Palacio) to confirm 

identification. The reproductive status of female bats was determined based on vaginal 

smears according to VELA-VARGAS et al. (2016). These were analyzed using a microscope 

(Nikon Eclipse E400), in which the percentage of cells in the different estrous cycle’s 

stages were established. Females were reproductive when they presented a dominance of 

nucleated superficial cells (proestrus), enucleated superficial cells (estrus), and 

intermediate cells (metestrus), and were considered as non-reproductive when presented 

parabasal cells (anestrus) (VELA-VARGAS et al., 2016; STUKENHOLTZ et al., 2018). 

Data analysis 

We determined the percentage of females and males that were found reproductive and 

non-reproductive. We applied the Levin´s index (B = 1/Σpi2) to determine dietary breadth 

(LEVINS, 1968), and we also used the Hulbert correction (Ba = B-1/B-n) in order to scale 

diet breadth from 0 to 1 (HULBERT, 1978), where pi is the proportion of individuals 

consuming a particular prey item i and n is the number of possible resource states 

(GAMBOA & DÍAZ, 2018). In Hulbert correction 0 represents that all individuals consume a 



single food item (more specialist), and 1 when all individuals consume the totality of food 

items that are available (more generalist) (HULBERT, 1978).  We analyzed the frequencies 

of consumption of the different insect orders found in the fecal samples. To determinate if 

the observed frequency of food items consumed were different among the sexes, we 

applied Chi-square tests (χ2), using a level of significance of 0.05.  

Results 

Bat population and food items consumed 

We captured 377 individuals during the five field trips. From these, 164 were females 

(40.66% reproductive and 59.34% non-reproductive) and 213 were males (18.71% 

reproductive and 81.29% non-reproductive). Regarding females, 92.7% were adults and 

7.3% subadults. For males 94% were adults, 5.6% were subadults and 0.4% were juveniles.  

Overall, 85 fecal samples were obtained. Fragments of tibia-tarso and tarsal claws of 

Lepidoptera were found in greater proportion (Figure 3; Table 1). Due to the large number 

of fragmentary structures found in fecal samples, it was not possible to differentiate 

among morphospecies. However, a higher frequency of Lepidoptera order was found 

followed by Hemiptera and Hymenoptera orders, respectively (Table 1). Accordingly, the 

diet of the population of M. megalophylla from Macaregua cave is based mainly on 

Lepidoptera insects.  

 

 



Dietary variation between sexes and reproductive status 

There were no significant differences in diet between males and females (χ2 = 4.01 n = 85, 

df= 1 p = 0.406), but according to Levin´s index we found a higher dietary breadth in 

females (B = 1.05; Ba = 0.05) than males (B = 1.02; Ba = 0.02). On the same way, 

reproductive males (B = 1.21; Ba = 0.28) and reproductive females (B =1.13; Ba = 0.15) 

showed a higher dietary breadth in comparison to non-reproductive males (B = 1; Ba = 

0.01) and non-reproductive females (B = 1; Ba = 0.01). 

Dietary variation over time 

When comparing the consumption of Lepidoptera insects between reproductive status in 

males, there is an increasing tendency in reproductive males during the wet season. 

Conversely, in the dry season, the trends are reversed, since reproductive males 

consumed less proportion of Lepidoptera insects, while non-reproductive males increase 

their consumption (Figure 4A). 

In the case of females, the reproductive ones showed one peak of increase of Lepidoptera 

consumption in the wet season (August), and one in the dry season (December), with a 

decrease in January. The non-breeding females showed one peak of consumption in the 

wet season (September), and an increase in the dry season (January). (Figure 4B).  

When comparing reproductive males and females, a similar pattern is presented: the 

maximum peak is at the beginning of dry season and the minimum peak is at the 

beginning of the wet season with an increasing tendency during this climatic season 



(Figure 5A). Finally, when comparing the proportion of lepidopteran consumption 

between non-reproductive males and females, we observed a similar pattern from the 

end of the wet season (September), with a peak of Lepidopteran consumption in January, 

on the dry season (Figure 5B). 

Discussion 

Our study showed a high dietary specialization of M. megalophylla in the consumption of 

Lepidoptera insects (Table 1). Stomach collections from individuals of M. megalophylla 

suggest this bat feeds exclusively on large-bodied moths. This result is consistent with the 

report of EASTERLA & WHITAKER (1972), who found a 100% frequency of consumption of 

Lepidopteran moths based on the examination of two stomach content samples. Based on 

this, M. megalophylla can be considered as a rare species due to its specialization in the 

use of trophic resources (YU & DOBSON, 2000). We also found parts of other insect orders 

like Hemiptera (Figure 3E) and Hymenoptera (Figure 3I) but in less proportion, as other 

studies have reported consumptions of Dermaptera and Coleoptera (BOADA et al., 2003). 

Since M. megalophylla has a large-body size regarding other insecti ores (L   x       .  

mm) (REZUTEK & CAMERON, 1993), this species needs the consumption of high energy 

resources such as Lepidoptera. For example, moths of the Saturniidae family can reach 

52% to 80% of the protein in dry matter (BUKKENS, 2005), thus being a suitable food to 

satisfy the energy demand every night. Moreover, soft-bodied insects may be common in 

the diet of this species due to its cranio-dental morphology characterized by smaller 



dilambdodont teeth, thinner jaws and gracile skull (FREEMAN 1981; REZUTEK & 

CAMERON, 1993) 

Based on WILSON (1973) reproductive cycles of insectivorous bats depend on the insect 

abundance according the stational fluctuations. In this sense, it was remarkable the 

upward trend in Lepidoptera consumption from reproductive bats during the wet season, 

when moths are available (TORRES-FLORES, 2013).  This agree with results of GAMBOA & 

DÍAZ (2018) in Argentina, where many species of Lepidoptera are abundant on wet season 

because of higher abundance of food resources. Reproductive males and females must 

consume enough resources to be reproductively active; for instance, females might have a 

greater consumption of resources in active periods since it requires the intake of a large 

amount of nutrients for the processes of gestation, lactation, and rearing of their offspring 

(RACEY, 1982; LEE & MCCRACKEN, 2002; VOIGT, 2003). By contrast, non-reproductive bats 

increased Lepidoptera consumption in the dry season, perhaps to prepare for next 

reproductive events, and particularly males, decreased their consumption in the wet 

season (Figure 4A). According to MACARTHUR & PIANKA (1966), an optimal forager 

adjusts the time in each strategy to maximize his net energy reserve, which can occur with 

the non-reproductive males, where they can present a period of high proportion of 

consumption (dry season) and another of low consumption (wet season). 

Further studies should have a better taxonomic resolution of insects in dietary analysis. In 

our study, we confirm the specialization in Lepidoptera insects as EASTERLA & WHITAKER 

(1972) has pointed out, but it might be that at the family or gender level M. megalophylla 



consumes different items and his diet is broader by the analysis scale. We recommend 

determining more accurately the morphospecies of Lepidoptera insects that belong to M. 

megalophylla diet using other techniques such as DNA metabarcoding of fecal samples, 

which can offer valuable insights into the dietary preferences of bats and their potential 

role as pest suppressors (KEMP et al., 2019). In this way, the consumption of potentially 

pest insects can be associated with future studies that address the use of bats as possible 

biological controllers. Also, to have a more accurate idea of the insect composition in this 

site, we recommend: 1) search for a reference collection of insects (focused on location or 

similar ecosystem) or 2) include (parallel) insect sampling techniques in order to know 

more about available resources for insectivorous bats. 

In sum, M. megalophylla is specialized in the consumption of Lepidoptera insects, 

probably because of the high amounts of caloric energy that moths can offer them. We 

found no differences between males and females but reproductive males and 

reproductive females have greater dietary breadth, perhaps as a result of the higher 

energy demand associated to reproductive events. Finally, the climatic season is 

associated to sexual activity and higher lepidopteran consumption. 
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Tables presentation 

Table 1. Food items found in the diet of M. megalophylla at Macaregua cave (Santander, 

Colombia). 

Order Insect part 
Percentage of 

fragments (%) 

Lepidoptera 

(98.2%) 

Tibia and tarsus 37.2 

Proboscis 10.6 

Antennas 19.4 

Head 4.3 

Frenulum 9.4 

Tarsus and claws 13.9 

Femur, warm and tarsal 3.4 

Hemiptera 

(1.2 %) 

Tarsus and claws 0.6 

Wings 0.6 

Hymenoptera 

(0.6  %) Antennas 0.6 

 

 

 

 



Figures presentation 

 

Figure 1. Location of Macaregua cave (Santander, Colombia). 

 

Figure 2. Bat sampling at Macaregua cave (Santander, Colombia). A: a mist net at the 

entrance of the cave. B: Individual of M. megalophylla captured. 



 

 

Figure 3. Insect fragments found in the diet of M. megalophylla at Macaregua cave 

(Santander, Colombia). Tarsus from a Lepidoptera (A), tarsus and tarsal claws from a 

Lepidoptera (B), head, eye and antenna from a Lepidoptera (C), proboscis from a 

Lepidoptera (D), wing from Hemiptera (E) frenulum from a Lepidoptera (F), frenulum and 

proboscis from a Lepidoptera (G), head from a Lepidoptera (H), antenna from a 

Hymenoptera (I). 

 



 

Figure 4. Dietary variation over time comparing reproductive males vs non-reproductive 

males (A) and reproductive females vs non-reproductive females of M. megalophylla (B) at 

Macaregua cave (Santander, Colombia). 

 



 

Figure 5.  Dietary variation over time comparing reproductive females vs reproductive 

males (A) and non-reproductive females vs non-reproductive males of M. megalophylla 

(B) at Macaregua cave (Santander, Colombia). 

 


