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The study of interaction networks between species is a subject that has drawn increasing attention in recent decades, especially in inves-
tigations involving relationships between plants and pollinators or seed dispersers.  In the Neotropics, bats of the subfamily Glossophaginae 
show morphological modifications for a specialized diet consisting of nectar and pollen, but opportunistic species belonging to other subfami-
lies that consume floral resources (nectar and pollen) have also been identified.  This study describes for the first time the interactions between 
nectarivorous bats in the Andean region of Colombia from the identification of pollen associated with the bat species inhabiting the protected 
area “Reserva Forestal Bosque de Yotoco (RFBY)”.  Bats were captured with mist nets; a pollen sample was collected from each specimen by con-
tact with glycerin gelatin, and pollen samples were mounted on slides.  In addition, plant material of the blooming species that displayed the 
syndrome of chiropterophyly was collected to build a reference pollen collection.  For the analysis, we used Levin’s standardized niche breadth 
(BA), the relative frequency of resources (Fi), and the Resource Importance Value Index (RIVI).  The interaction network was built and the NODF 
nesting algorithm was calculated to establish the degree of coupling within the network.  In 44 loads of contact pollen for six species, three 
belonging to the subfamily Glossophaginae (Anoura caudifer, Glossophaga soricina and Choeroniscus godmani), we identified six palynomorphs 
from 7,971 pollen grains.  The highest RIVI values correspond to three species of the genus Inga.  The Levin’s standardized niche breadth (BA) 
highlights Anoura caudifer and Glossophaga soricina as generalist species that take advantage of the availability of floral resources for consump-
tion (Tables 2, 3).  The interaction network reveals a high nesting degree according to the value of the NODF algorithm of 86.67 (Figure 3).  
With four bat species, the RFBY has a high diversity of nectarivorous species relative to other localities across the Andean region of Colombia, 
despite the study area being a fragmented landscape; hence, this area is of critical importance for the local bat species, as it fulfills their food 
requirements.  The bat species using the largest amount of resources in the community is Anoura caudifer; this finding differs from the results 
of other studies, where the genus Glossophaga has been reported as the dominant taxon in terms of resource use.  Plants of the genus Inga 
and O. pyramidale are key resources for the nectarivorous bat species recorded, and this is probably also the case for other animals in the area; 
therefore, the inclusion of these species in the active restoration process will likely promote the establishment of a larger number of bats.

El estudio de redes de interacciones entre especies es un tema que ha tomado fuerza en las últimas décadas, especialmente en investi-
gaciones que involucran relaciones entre plantas y dispersores de semillas o polinizadores.  En el neotrópico, la subfamilia de murciélagos 
Glossophaginae presenta modificaciones morfológicas para una dieta especializada en el consumo de néctar y polen, aunque también se han 
identificado especies oportunistas pertenecientes a otras subfamilias que aprovechan recursos florales (néctar y polen).  Este estudio describe 
por primera vez interacciones de murciélagos nectarívoros en la región Andina de Colombia a partir de la identificación del polen asociado a las 
especies de murciélagos presentes en el área protegida de la “Reserva Forestal Bosque de Yotoco (RFBY)”.  Se capturaron murciélagos con redes 
de niebla, a cada uno se le tomó una muestra de polen de contacto con gelatina glicerinada las cuales se montaron en láminas.  Adicionalmen-
te se colectó material vegetal de aquellas especies que estuvieran en floración y presentaran el síndrome de quiropterofilia para conformar 
la colección de polen de referencia.  Para el análisis se empleó la amplitud de nicho estandarizada de Levin (BA), la frecuencia relativa de los 
recursos (Fi), el índice de valor de importancia del recurso (IVIR). Se construyó la red de interacciones y se calculó el algoritmo de anidamiento 
NODF para establecer el grado de acoplamiento de la red.  En 44 cargas de polen de contacto para seis especies, tres de estas pertenecientes 
a la subfamilia Glossophaginae (Anoura caudifer, Glossophaga soricina y Choeroniscus godmani), se identificaron seis palinomorfos a partir de 
7,971 granos de polen.  Los valores más altos del IVIR corresponden a tres especies del género Inga.  La amplitud de nicho estandarizada de 
Levin (BA), resalta a Anoura caudifer y Glossophaga soricina como especies generalistas que aprovechan la disponibilidad de recursos florales 
para su alimentación (Tablas 2, 3).  La red de interacciones presenta un grado de anidamiento alto dado por el valor del algoritmo NODF de 
86.67 (Figura 3).  Con cuatro especies de murciélagos, la RFBY posee una alta diversidad de especies nectarívoras en comparación a las especies 
encontradas en otras localidades en la región Andina de Colombia pese a que se trata de un área fragmentada, por ello es una zona fundamen-
tal para estas especies ya que cubre los requerimientos alimenticios necesarios.  La especie que más recursos utiliza en la comunidad es Anoura 
caudifer a diferencia de los resultados de otros estudios, donde el género Glossophaga es el que predomina en la utilización de los recursos.  
Tanto las plantas del género Inga como O. pyramidale, representan recursos importantes para las especies nectarívoras registradas como para 
otra fauna presente en la zona y probablemente al incluir estas especies en el proceso de restauración activa se puede promover el estableci-
miento de mayor cantidad de murciélagos.
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logical adaptations of individual species (higher dietary 
specialization) and to the complexity of the community 
structure associated with the closer relationships between 
species (Owen 1990; Patterson et al. 1996; Fleming and 
Muchhala 2008).  In line with the above, in intermediate 
and high zones of the Andean region (500 to 3,600 meters 
above sea level), the genus Anoura has diversified and spe-
cialized in the consumption of nectar and pollen (Koopman 
1978; Mantilla-Meluk and Baker 2006; Fleming et al. 2009; 
Mantilla-Meluk et al. 2014), in contrast with low areas of the 
Andean region dominated by the genus Glossophaga, a 
species that inhabits an altitudinal range of 0 to 1,800 masl 
(Solari et al. 2013) that has less specialized morphological 
traits and diet.

In Colombia, few articles are available on the interactions 
between nectarivorous bats and the floral resources (nectar 
and pollen) consumed by them.  In low areas (below 1,500 
masl) of the Andean region, there is information available 
on the interactions between Glossophaga longirostris and 
columnar cacti in the Tatacoa desert (Ruiz et al. 1997), one 
study on the pollen carried by G. soricina in a suburban area 
of Cartagena, Bolívar (Lemke 1985), and one study about 
anthophilous bats of La Macarena, Meta (Muñoz-Saba et 
al. 1997).  There is no information available on the poten-
tial interactions for the mountainous area of the Andean 
region, where a replacement of species and a lower species 
richness of nectarivorous bats occur.  This study describes 
for the first time the interactions between nectarivorous 
bats in the Andean region of Colombia from the identifi-
cation of pollen associated with bat species inhabiting the 
protected area Reserva Forestal Bosque de Yotoco (RFBY), 
located in Valle del Cauca, Colombia.

Materials and Methods
Study area.  The protected area Reserva Forestal Bosque 
de Yotoco, in the department of Valle del Cauca, is located 
in the eastern slopes of the Western Cordillera of Colom-
bia and includes the largest patch of premontane forest in 
this slope.  It comprises an area of approximately 559 has 
spanning across an altitudinal range of 1,200 to 1,700 masl.  
Mean annual temperature is 20 °C and mean annual pre-
cipitation is 1,500 mm; the local climate regime is bimodal, 
with two rainy seasons (March to May and September 
to November) alternated with two dry seasons (June to 
August and December to February; Escobar 2001).

The RFBY is split in two areas by the Buenaventura-
Loboguerrero-Buga highway; the zone under active res-
toration where this study was conducted is located in the 
high elevation area.  The area under active restoration 
comprises 18 % of the total area of the RFBY and includes 
a border zone with pastures used for livestock raising and 
a multi-purpose area that includes gardens and a compost 
heap (Figure 1).  Two field trips were conducted, one in the 
dry season in June-July, and another in the rainy season in 
October 2016.

Introduction
Mutualistic interactions between plants and their polli-
nators or dispersers form complex interdependence net-
works that lead to a dynamic stability in particular habitats 
(Bascompte 2007; Rohr et al. 2014).  In studies of different 
taxonomic groups, heterogeneity and asymmetry have 
been identified as network features that provide stability 
to communities.  In general terms, generalist plant species 
are linked to specialist pollinators and vice versa, shaping 
the physical structure of diversity (Bascompte and Jordano 
2007; González et al. 2010).  Data processing by manag-
ing complex networks facilitates the analysis of the cou-
pling between species; this uses various metrics, includ-
ing the degree of nesting that shows the level of structure 
for the network according to the number of connections 
and nodes (Bascompte et al. 2003).  In this sense, the most 
common arrangement in a mutualist network involves the 
majority of species showing few connections and a small 
number of species with multiple connections, which con-
tribute to maintain the attributes of the community (Bas-
compte et al. 2006; Olesen et al. 2008).

Most angiosperms require biological pollination, espe-
cially in the tropics, where an estimated 99 % of the spe-
cies in humid tropical forests are pollinated by animals 
(Bawa 1990).  Only three to 11 % of these pollinators cor-
respond to birds and bats (Devy and Davidar 2003).  Overall, 
approximately 528 species of angiosperms are recognized 
as being pollinated by bats (Fleming et al. 2009); in South 
America, 140 species have been identified as visited by bats 
for the consumption of nectar and pollen (Geiselman and 
Defex 2015).  Worldwide, an estimated 7.7 % of bat species 
visit flowers in search of food resources, including species 
with specialized morphological traits for the consumption 
of nectar (4.7 % of the world species) or opportunistic fru-
givorous species (Fleming et al. 2009; Geiselman and Defex 
2015).  In South America, the subfamilies Glossophaginae 
and Lonchophyllinae (family Phyllostomidae) show spe-
cialized morphological features for the consumption of 
nectar and pollen, including a long rostrum with reduced 
teeth and, in many cases, with spaces between them, long 
canines and long tongues with papillae or lateral grooves 
(Freeman 1995; Winter and von Helversen 2003).  Sepa-
rately, in the subfamilies Stenodermatinae, Phyllostominae, 
Rhinophyllinae, Glyphonycterinae and Carolliinae, frugi-
vore and opportunistic omnivorous genera have also been 
reported that are capable of feeding on nectar and pollen: 
Artibeus, Carollia, Chiroderma, Phyllostomus, Platyrrhinus, 
Rhinophylla, Sturnira, Trinycteris, Uroderma and Vampyressa 
(Fleming et al. 2009).

Compared to the Old World, the Neotropics display a 
high taxonomic richness of pollinating species associated 
with the available resources, a fact that has been related 
to specialized ecological niches (Fleming and Muchhala 
2008).  The nectarivorous Neotropical bats show a shift in 
species composition along an altitudinal gradient, mainly 
due to the specialization of niches related to the morpho-
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Capture and Sampling of Bat Specimens.  Five to ten mist 
nets measuring 6 m, 9 m and 12 m long were used, keeping 
them open from 18:30 to 00:00 h.  These nets were placed 
on the border as well as in the interior of the forest, consid-
ering the location of the flowering plants.  Contact pollen 
samples were collected from the pelage of each specimen 
captured using glycerin gelatin prepared according to the 
technique of Beattie (cited by Voigt et al. 2009), sampling 
the rostrum, dorsum and wings.  Samples were stored in 
tightly closed vials.  Samples were mounted directly on 
slides without processing them through acetolysis to pre-
vent loss of material, although this results in a lower resolu-
tion of the pollen wall.

From each specimen, data were recorded on reproduc-
tive status, age, weight and standard morphometry: total 
length (TL), tail length (TL), leg length (LL), ear length (EL), 
and forearm length (FL).  Most specimens were identified 
in the field, and the rest were collected under the frame-
work of the collection license of wild species of biological 
diversity for research purposes of the Universidad Nacional 
de Colombia. These were deposited in the Alberto Cadena 
Garcia collection of mammals, Instituto de Ciencias Natura-
les (ICN), Universidad Nacional de Colombia, with catalog 
numbers ICN 22767, 22792, 22795, 22796, 22798 to 22805, 
22809 to 22821, 22829, 22852, 22860, 22861, 22862, 22888, 
22896, 22898, 22905 to 22907, 22920 to 22923, 22926 to 
22928, for subsequent identification following the keys of 
Griffiths and Gardner (2008), and the features described by 
Mantilla-Meluk and Baker (2006).

Collection of Reference Plant Material.  The flowers col-
lected were white or greenish with exerted stamens; corolla 
tubular or tubulose and perianth radially symmetrical or 
actinomorphic; nocturnal anthesis; rancid and moldy odor; 
nectar rich in hexoses and may contain sulfuric compounds 
for attraction following the description of the syndrome of 
chiropterophyly (Howe and Westley 1988; Von Helversen 
et al. 2000).  Three vegetation transects located in different 

parts of the reserve were walked and flowering plants were 
identified by comparison with voucher specimens, taking 
into account those flowers that displayed the morphologi-
cal traits mentioned above.  Two transects were located in 
the area under active restoration and one at the upper bor-
der of the RFBY.  In each transect, measuring 100 m long by 
20 m wide, the flowering plant species were identified, and 
the flowering specimens were counted.  In addition, trails 
and the border of the study area were walked to supple-
ment the plant survey.

Palynological Analysis.  To facilitate the identification of 
contact pollen collected from bat pelage, a reference col-
lection was elaborated from flower samples including sta-
mens and whole flowers seeking to have ripe pollen sam-
ples; these were preserved in 10 % glacial acetic acid.  For 
purposes of comparison and identification, these pollen 
samples were processed through acetolysis unlike the sam-
ples obtained from contact pollen according to the meth-
odology established by Erdtman (1969), then mounted in 
slides and sealed with paraffin.  

Palynomorphs in contact pollen samples were identi-
fied assisted with the reference pollen collection and the 
palynological atlas of Roubik and Moreno (1991), and the 
number of pollen grains per sample was determined.  Each 
palynomorph was described including pollen unit, size, 
polarity, openings, scope, shape and sculpture to facilitate 
its identification (Punt et al. 2007).

Data Analysis.  We calculated the sampling effort (hour-
meter network), and capture success (number of captures 
per sampling unit) for each field trip, considering the total 
number of bats captured.  For each bat species, the total 
number of grains in each sample was recorded, as well 
as the total number of individuals captured and the total 
number of palynomorphs found.  Levin’s stardardized niche 
breadth (BA) was used to set any preference in the use of 
the resources available for each bat species; this measure 
ranges from 0 to 1 depending on the predilection for 
resources (Krebs 1999). 

We calculated the relative frequency of resources (Fi = 
ni/n * 100), where: ni = number of samples (slides) contain-
ing species i; n = total number of pollen slides analyzed.  In 
addition, the Resource Importance Value Index (RIVI) was 
estimated using the formula by Amaya (1991) that calculates 
the value of resource use for each species of interest, then 
individual values are added up to give the importance value.

The degree of coupling and stability of the network was 
determined by calculating the NODF nesting algorithm 
(Almeida-Neto et al. 2008), whose value ranges from zero to 
100, attaining a maximum when the network is completely 
nested.  The species interaction network was constructed 
with the statistical program R and the RStudio platform, 
using the Bipartite 2.02 package (Dormann et al. 2008); this 
array uses binary data to facilitate comparisons.

Figure 1.  Map of the protected area “Reserva Forestal Bosque de Yotoco (RFBY)”, 
Valle del Cauca, Colombia. The three areas sampled are shown (Upper Border, Restoration 
and Multiple Use) and the dotted line shows the Buenaventura-Loboguerrero-Buga 
highway that splits the total area of the RFBY (Perez-Moreno, 2018).
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these results are consistent with the highest (0.0119) and 
lowest (0.0003) Resource Importance Value Index (RIVI) for 
these same species (Table 3).  For the Acanthaceae and O. 
pyramidale, although both were resources used by most 
bat species, their relative frequencies and RIVI are the low-
est (Fi = 0.0022; RIVI = 0.0047 and Fi = 0.0020; RIVI = 0.0044, 
respectively) due to the few samples with pollen from these 
palynomorphs.  The pollen from Clusiaceae was only found 
in one sample from A. caudifer; nonetheless, due to the 
abundance of grains in the sample (> 100), it is considered 
as an important resource for the species (Table 3).

In the dry season, two blooming species, Psychotria bra-
chiata and Piper setosum, and three fruiting species, Piper 
augustum, Miconia acuminifera and Nectandra macrophylla, 
were identified along the vegetation transects.   In the rainy 
season, there was an increase in the number of flowering 

Figure 2.  Palynomorphs found in contact pollen samples. A. Ochroma pyramidale. B. 
Clusiaceae. C. Inga cf. marginata. D. Acanthaceae. E. Inga cf. punctata. F. Inga cf. densiflora.

Results
A total of 238 individuals were captured, belonging to 21 
bat species (Table 1); of these, 45 individuals (18.9 %) cor-
responded to nectarivorous species.  Ten captured speci-
mens were identified as Anoura caudifer, 33 as Glossophaga 
soricina and two as Choeroniscus godmani; the latter spe-
cies represents a new record for the RFBY.  A total sampling 
effort was 5,124-hour-net meter for the first trip, with a cap-
ture success of 0.34, and 3,589.5 hours-net meter for the 
second, with a capture success of 0.26.  For nectarivorous 
species the capture success was 0.035 for the first trip and 
0.091 for the second.  Contact pollen was found in only 44 
individuals (18.5 % of the total capture), with 38 samples 
(86.4 %) obtained from nectarivorous bat species.  The 
largest number of pollen samples was collected from G. 
soricina, with 28 samples in total, and only a single sample 
from S. ludovici (Table 2).  About resource use, the values of 
Levin’s stardardized niche breadth (BA) ranged from 0.20 for 
S. ludovici to 0.77 for A. caudifer.  

From 7,971 pollen grains in the samples (Table 2), a total 
of six palynomorphs were identified in contact pollen (Fig-
ure 3), namely Inga cf. densiflora, Inga cf. punctata, Inga cf. 
marginata, Ochroma pyramidale, a single Clusiaceae and a 
single Acanthaceae.  The majority of palynomorphs mea-
sure between 80 and 120 µm in diameter; only the pollen 
of the Clusiaceae was small (10 µm).  Except for the pollen 
of Inga, all other grains showed a sculpture with some type 
of reticle in the exine.  The relative resource frequency (Fi) 
yielded the highest value for the species I. cf. densiflora (Fi 
= 0.0069), and the lowest for the Clusiaceae (Fi = 0.0002); 

Table 1.  Bat species and number of individuals of each species captured in the 
protected area Reserva Forestal Bosque de Yotoco (RFBY).

Family Subfamily Species
Individuals 

captured

Phyllostomidae Carolliinae Carollia brevicauda* 35

Carollia castanea 1

Carollia perspicillata 67

Desmodontinae Desmodus rotundus 27

Glossophaginae Anoura caudifer* 10

Choeroniscus godmani* 2

Glossophaga soricina* 33

Micronycterinae Micronycteris hirsuta 1

Phyllostominae Phyllostomus discolor 1

Stenodermatinae Artibeus jamaicensis 7

Artibeus lituratus* 11

Chiroderma salvini 1

Dermanura phaeotis 18

Mesophylla macconnelli 4

Platyrrhinus albericoi 2

Sturnira bakeri 1

Sturnira ludovici* 3

Sturnira luisi 3

Vespertilionidae Eptesicus chiriquinus 3

Eptesicus cf. andinus 3

Myotis riparius 5

Total 21 238

* Bat species from which contact pollen samples were collected.

Table 2.  Bat species that used floral resources (nectar and pollen), with the respective 
number of total grains (G), number of samples with pollen (N), amount of resources used 
(R), and Levin’s standardized niche breadth (BA).

Species G N R BA

Artibeus lituratus 7 2 3 0.40

Carollia brevicauda 3 3 3 0.40

Sturnira ludovici 5 1 2 0.20

Choeroniscus godmani 7 2 2 0.33

Glossophaga soricina 5,258 28 5 0.54

Anoura caudifer 2,691 8 6 0.77
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plants to four species, Anthurium sp., Psychotria brachiata, 
Cyclanthus sp. and Philodendron montanum; fruiting plants 
of Beilschmiedia costaricensis were also observed.  The refer-
ence collection included 17 plant species that were found 
in the transects and surveys in the RFBY.  Of this collection, 
two species match palynomorphs found in contact pollen, 
I. cf. densiflora and I. cf. punctata.  

Discussion
The results described above provide an overview on the 
interactions between bats and floral resources observed in 
the RFBY.  The degree of nesting in the network (NODF = 
86.67) indicates that the nectarivorous species registered, 
particularly A. caudifer as a generalist species, contribute to 
the stability of interactions, a fact that may have ecologi-
cal implications as to the pollination of the plants visited 
(Almeida-Neto et al. 2008; González et al. 2010).  A review of 
studies conducted on bats in the same area (2011 Moreno-
Mosquera; Velasquez-Carrillo 2015) and the catalog of 
vascular plants of the RFBY (Escobar 2001) identified 22 
bat species that include nectar and pollen in the diet, and 
25 plant species reported as visited by bats (Fleming et al. 
2009; Geiselman and Defex 2015).  Only three of these bat 
species are nectarivorous, Anoura caudifer, Anoura latidens 
and Glossophaga soricina: the rest are either frugivorous or 
omnivores that occasionally or rarely feed on pollen and 
nectar; in the case of plants, six genera, Cordia, Guzmania, 
Vriesea, Centropogon, Capparis, and Inga, are widely used 
by bats.  In accordance with the above information, further 
sampling is needed to broaden our information about a 
larger number of bat species and their resources, in order to 
identify potential key species in the network, which inter-
act with most species and connect different modules (Bas-
compte et al. 2003; Mello et al. 2015).

Although a smaller amount of pollen samples was 
obtained from A. caudifer relative to G. soricina, the former 
was the species using the largest number of resources (six) 
in the community, being the most generalist bat species 
in the network.  This contrasts with the findings in other 
studies, where the genus Glossophaga has been reported 
as the dominant species in terms of resource use.  In La 
Tatacoa desert, the bat species that maintains the closest 
relationship with the available resources, especially with 
columnar cacti, is G. longirostris (Ruiz et al. 1997).  In Carta-
gena, Bolivar, G. soricina uses five resources in a suburban 
area (Lemke 1985), and in Serrania de La Macarena the 
only nectarivorous species reported that consumes nectar 
and pollen is G. soricina, which uses six available resources 
(Muñoz-Saba et al. 1997).  The main diet of A. lituratus, S. 
ludovici and C. brevicauda is based on the consumption of 
fruits, and in montane forests these species are among the 
most abundant for this trophic guild (Estrada-Villegas et al. 
2010; Moreno-Mosquera 2011).  Therefore, it is considered 
that the use of nectar and pollen is occasional, consistent 
with the small amount of pollen grains found in samples.  In 
the interaction network there is still uncertainty about the 
resources used by A. latidens in the study area, since this bat 
species was not captured in this study.

In the interaction network, the species of the genus 
Inga was an important resource for the bat community dur-
ing the two seasons studied.  In temperate climates with 
sufficient moisture, blooming plants of this genus occur 
throughout the year.  Although these species have been 
reported to be pollinated by insects, especially lepidopter-

Figure 3.  Interaction network between bats and floral resources (nectar and pollen) 
used in the protected area “Reserva Forestal Bosque de Yotoco (RFBY)”, Valle del Cauca, 
Colombia. The nesting value according to the NODF algorithm is shown.

Table 3. Floral resources identified from contact pollen, with the respective number 
of grains (G), total number of samples with presence of the palynomorph (NM), number of 
bat species that used the resource (EM), Relative Frequency (Fi), and Resource Importance 
Value Index (RIVI).

Resource G NM EM Fi IVIR

Inga cf. densiflora 3,864 34 5 0.0069 0.0119

Inga cf. punctata 274 25 2 0.0051 0.0081

Inga cf. marginata 510 23 2 0.0047 0.0074

Acanthaceae 85 10 6 0.0022 0.0047

Ochroma pyramidale 2,005 11 5 0.0020 0.0044

Clusiaceae 1,235 1 1 0.0002 0.0003

In the interaction network (Figure 3), the resources with 
more connections are the most important ones for the com-
munity in the season studied correspond to Acanthaceae, 
O. pyramidale and Inga species, mainly I. cf. densiflora, which 
was used by five bat species.  As for bats, A. caudifer is the 
species using the greatest variety of resources, followed by 
G. soricina.  C. godmani only used two resources, but this 
finding is inconclusive as it is based on only two samples.  
The remaining bat species used two or three resources that 
can be considered as sporadic records (< 10 grains; Table 2).  
The degree of nesting given by the NODF algorithm is 86.67, 
reflecting the coupling between the most generalist species 
in the network and the species that have few connections.



134    THERYA     Vol. 9 (2): 129-136

BATS AND FLORAL RESOURCES

ans (Koptur 1983), they are an essential resource for nec-
tarivorous bats in the RFBY for their continued availability, 
as shown in other studies, particularly in humid tropical 
forests (Fleming and Muchhala 2008).  Likewise, O. pyrami-
dale is a generalist species used as a food resource for many 
species of animals, particularly mammals (Mora et al. 1999).  
The only individual observed in the study area is continu-
ously used by primates and marsupials, although this plant 
is pollinated by nocturnal insects and mammals.  It blooms 
from September to January in humid tropical forests (Rojas-
Rodríguez and Torres-Cordoba 2009), representing a sea-
sonal resource; however, its phenology in Andean ecosys-
tems remains unknown.  Although the family Acanthaceae 
is the resource used by the largest number of species in the 
study area, its phenological and reproductive characteris-
tics could not be determined in this study because the paly-
nomorph is impossible to identify at the species level.

The abundance of pollen grains with reticulated sculp-
ture is related to their adaptation to be transported by cer-
tain groups of animals (Amaya 1991; Stroo 2000).  Pollen 
grains with a reticulated sculpture easily adhere to bat or bird 
pollinators, and in the case of plants of the genus Inga, there 
is a large production of pollen, hence increasing the proba-
bility of an effective pollination, as bats tend to carry a larger 
amount of pollen that birds (Muchhala and Thomson 2010).

The sampling conducted showed that RFBY has a high 
diversity of nectarivorous species relative to other localities 
across the Andean region of Colombia despite this being a 
fragmented area due to anthropogenic activities (Cantillo 
and Gómez 2004; Rodríguez et al. 2006).  To date, four spe-
cies have been registered in the RFBY, Anoura caudifer, A. 
latidens, Glossophaga soricina and the new record of C. god-
mani found in the present study (Moreno-Mosquera 2011; 
Velasquez-Carrillo 2015).  Chavez-Landazury (2012), in La 
Mariposa reserve, located in Valle del Cauca, reports only A. 
caudifer in a premontane forest under a restoration process 
similar to the study area, at an altitude of 1,439 masl.  Simi-
larly, in a study on the diversity of bats along an altitudinal 
transect in the Tolima department, A. caudifer is reported as 
the only nectarívorous species in a strip between 1,000 and 
2,000 masl (Bejarano et al. 2007).  At altitudes above 2,000 
masl in the Cordillera Central and the Cordillera Oriental 
of Colombia, only one species of the genus Anoura has 
been recorded (Rodríguez-Posada 2010; Perez-Torres and 
Ahumada 2004).  These results are consistent with the pre-
dominance of the genus Anoura in intermediate and high 
altitudes in the Andean region, due to its diversification by 
niche specialization, which is related to the morphological 
adaptations of the species and the complexity of the com-
munity structure (Owen 1990; Patterson et al. 1996; Flem-
ing and Muchhala 2008).

The increased success in the capture of nectarivorous 
species from the dry to the rainy season suggests that the 
species move following resource dynamics and availabil-
ity; this has been observed mainly in dry tropical forests 
and arid ecosystems where bats are mobilized according 

to the availability of temporary resources (Fleming 1982; 
Cornejo et al. 2011).  This phenomenon has been demon-
strated in other species of nectarivorous bats in seasonal 
habitats such as dry areas (Ruiz et al. 1997; Moreno-Valdez 
et al. 2000).  However, there is no clear evidence to date 
suggesting that the species found in this study and other 
nectarivorous species of Andean ecosystems do migrate 
(Rodríguez et al. 2012), although in humid tropical forests it 
is estimated that A. caudifer can travel up to 50 km in a sin-
gle night in search of food (Von Helversen and Reyer 1984).

Conclusions
The RFBY is highly important for nectarivorous bat species, 
as it provides shelter and food in a fragmented landscape.  
It is a key area for the settlement of nectarivorous species, 
particularly A. caudifer and G. soricina, thus representing 
a suitable habitat for these species to be established and 
meet their food requirements.

The network constructed illustrated the interaction 
between six species of nectarivorous and frugivorous bats 
with six food resources identified.  The species of the genus 
Inga and O. pyramidale were the resources most com-
monly used by the bat community over the season studied.  
Although A. caudifer visited all the plants recorded, it dis-
played selectivity or preference for some of them, such as 
I. cf. marginata, I. cf. punctata and the Acanthaceae during 
the study period.

To continue with the active restoration processes in the 
area, it is recommended to plant species of the genus Inga 
to promote the establishment of a larger number of necta-
rivorous bats, as these plants would represent a resource 
available throughout the year; in addition, their fruits are 
consumed by other mammals and birds.  The same is also 
true for O. pyramidale, which represents an important food 
source for the local fauna despite its low abundance.
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