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Morphological description of the lingual surface of Platyrrhinus
infuscus under scanning electron microscopy (SEM)
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infuscus mediante microscopia electronica de barrido (MEB)
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La morfologia lingual en murciélagos constituye una estructura clave vinculada a sus habitos alimentarios, aunque en varias especies
neotropicales sigue siendo poco explorada. En este trabajo se describe la superficie lingual de Platyrrhinus infuscus mediante el uso de
Microscopia Electrénica de Barrido (MEB). Se analizé tejido proveniente de un ejemplar depositado en la coleccién del Museo de Historia
Natural de la Universidad Distrital Francisco José de Caldas (MHNUD). Las papilas fueron clasificadas siguiendo las categorias generales
descritas en la literatura: circunvaladas, fungiformes, conicas y filiformes. Se reconocen once tipos de papilas: circunvaladas; fungiformes con
morfologia triangular, circular y en cuspide; conicas; filiformes; gigantes tricuspides y bicuspides; cérneas; filiformes estrictas; digitiformes
y bifidas. Las papilas de la regidn de raiz mostraron orientacion lateral, mientras que en el apice se dispusieron hacia la regién medial de
la lengua. La disposicién topografica de las papilas refleja el trayecto del alimento: las estructuras del apice facilitan la fijacion de frutos
carnosos durante el vuelo, mientras que las papilas queratinizadas favorecen la retencidn y deglucion. La zona posterior, dominada por
papilas circunvaladas y fungiformes, estaria asociada a una mayor percepcién sensorial. Los patrones observados refuerzan la relaciéon de P,
infuscus con una dieta frugivora e insectivora, aportando elementos funcionales de interés para investigaciones ecoldgicas y taxondmicas
en murciélagos neotropicales.

Palabras clave: Chiroptera; Microscopia Electronica de Barrido; morfologia lingual; papilas; Phyllostomidae.

Lingual morphology in bats represents a key structure linked to their feeding habits, although it remains poorly explored in several
Neotropical species. This study describes the tongue surface of Platyrrhinus infuscus using Scanning Electron Microscopy (SEM). Tissue from
a specimen deposited in the collection of the Museo de Historia Natural de la Universidad Distrital Francisco José de Caldas (MHNUD) was
analyzed. The papillae were classified according to the general categories described in the literature: circumvallate, fungiform, conical, and
filiform. Eleven types of papillae were identified: circumvallate; fungiform with triangular, circular, and cusp-shaped morphologies; conical;
filiform; giant tricuspid and bicuspid; horny; strictly filiform; digitiform; and bifid. Papillae in the root region showed lateral orientation,
while those at the apex were directed toward the medial region of the tongue. The topographic arrangement of the papillae reflects the
food trajectory: structures at the apex facilitate the fixation of fleshy fruits during flight, whereas keratinized papillae promote retention
and swallowing. The posterior zone, dominated by circumvallate and fungiform papillae, appears to be associated with enhanced sensory
perception. The observed patterns reinforce the association of P. infuscus with a frugivorous and insectivorous diet, providing functional
evidence of interest for ecological and taxonomic studies of Neotropical bats.

Key words: Chiroptera; lingual morphology; papillae; Phyllostomidae; Scanning Electron Microscopy.
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Lingual morphology of Platyrrhinus infuscus

Chiroptera is one of the most diverse mammalian orders
in Colombia, with 222 recognized species exhibiting a broad
range of trophic niches, including a wide variety of food
items such as small mammals, birds, amphibians, reptiles,
insects, fish, blood, fruits, pollen, and nectar (Calonge 2009;
Cerén-Hernandez et al. 2022; Ramirez-Chaves et al. 2024).
A fundamental aspect of mammalian evolution is related
to feeding mechanisms (Dumont et al. 2012; lwasaki 2022).
For bats, the correlation between functional aspects of the
skull, teeth and tongue with the different trophic guilds of
the group has been extensively evaluated (Hill and Smith
1984; Fleming and Muchhala 2008; Dumont et al. 2012;
Gonzélez-Terrazas et al. 2012).

Anatomically, the tongue is a muscle that is one of the
organs related to feeding and its importance in lingual
echolocation has even been evaluated in bats of the genus
Rousettus (Roberts 1975; Harper et al. 2013; Attaallah et al.
2023; Lee et al. 2017; Weinberg et al. 2023). In addition, the
tongue plays a key role in both sensory and mechanical
functions, since mechanical and taste buds constitute
part of its surface epithelium. Several studies have
demonstrated that the distribution of different types of
papillae on the lingual surface varies between species and
among individuals of the same species (Abumandour and
El-Bakary 2013; Gregorin and Zanatta 2021). On the other
hand, it has been suggested that the tongue of bats, being
an organ with specialized patterns and microstructures
that provide greater efficiency in food consumption,
shows a close correlation between its morphology and
diet, and even with phylogeny (Sonntag 1926; Doran 1975;
Trzcielinska-Lorych et al. 2009; Abumandour and El-Bakary
2013). However, lingual morphology as a character related
to trophic specialization remains an underexplored field.

ThefewstudiesconductedintheNeotropicshavefocused
on the following families: Phyllostomidae, Molossidae,
Noctilionidae (Gregorin 2003; Masuko et al. 2007), as
well as Emballonuridae, Furipteridae, Thyropteridae,
Mormoopidae, Natalidae and Vespertilionidae (Gregorin
and Zanatta 2021). These investigations have enabled
the evaluation of lingual anatomy as a morphological,
diagnostic and phylogenetic reference (Birt et al. 1997;
Elizalde-Arellano et al. 2004a). However, no such studies
have been carried out in Colombia, despite its potential
relevance for ecology, taxonomy, and physiology.

Platyrrhinus infuscus is a species of the family
Phyllostomidae that is widely distributed in Colombia,
Brazil, Bolivia, Ecuador, and Peru, mainly at medium
and high elevation (Gardner 2008). Despite its wide
distribution, the available information on its feeding
ecology remains scarce.Itis recognized as a predominantly
frugivorous species, with records of consumption
from Moraceae (Ficus spp.) and Solanaceae, as well as
occasional insectivorous and nectarivorous habits (Rojas
etal. 2011; Arias and Pacheco 2019). Nevertheless, current
knowledge highlights notable gaps when compared
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with other widely studied Neotropical frugivores, such as
Artibeus lituratus or Carollia perspicillata (Estrada-Villegas
et al. 2019), which hinders accurate assessments of its
ecological role in forest dynamics.

This study of P.infuscus is significant because it combines
dietary and morphological characteristics that differentiate
it from other sympatric frugivores. Its association with
Ficus spp. fruits, a key resource due to their year-round
availability in the tropics (Shanahan et al. 2001), indicates an
important role in seed dispersal and, consequently, in the
regeneration of degraded forests. Likewise, the specialized
tongue morphology, with the presence and arrangement of
papillae adapted to fruit processing, represents a functional
trait directly linked to its feeding ecology. Considering
that tongue morphology in frugivorous bats has been
associated with the ability to manipulate and exploit
different types of fruit (Winter and von Helversen 2003), this
study—being the first conducted in Colombia—provides
a detailed description of the tongue surface of P. infuscus
through the analysis of images obtained by scanning
electron microscopy (SEM). Not only does it fill a gap in the
literature at the morphological level, but it also contributes
to morphological, taxonomic, ecological, physiological, and
phylogenetic studies of P. infuscus.

The sample under study was obtained from a specimen
of Platyrrhinus infuscus that is part of the collection of
the Museo de Historia Natural de la Universidad Distrital
Francisco José de Caldas (MHNUD) (Rodriguez-Bolafos
2020), catalogued under the code MUD-DOC M18. The
specimen was previously identified through comparison
with other specimens in the collection and by applying the
taxonomic keys of Diaz et al. (2021) for Neotropical bats.

The tongue was dissected from the individual by taking
as reference the origin of the trachea and performing an
incision at the thoracic level over, above the sternum. The
cut followed the midline of the abdomen down to the
lower left quadrant and then extended to the right, forming
a triangle. To ensure complete exposure and visibility of the
internal organs, an incision was made at the basal part of
the trachea, along with small cuts in the buccopharyngeal
muscles that support the tissue. Once the organ was
extracted, it was rehydrated through successive washes with
distilled water. The sample was stored in a 1.5 ml Eppendorf
tube with 90% alcohol for its subsequent analysis, and once
the analysis was completed, it was returned to the scientific
collection of the MHNUD, as part of the specimen.

In the initial analysis, the general aspects of the
morphology of the lingual surface were described using
stereoscopic observation (Zeiss) and quantitative data
were recorded with a conventional caliper. Microscopic
photomicrographs were obtained at the Testing and
Assay Laboratory of the Pontificia Universidad Javeriana in
Bogota, the tongue was subjected to critical point drying
for 90 minutes and then coated with palladium-gold using
a sputter coater (Q150R, QuorumTech). Subsequently,




Figure 1. Dorsal view of the tongue of P. infuscus and distribution of the diverse
types of papillae in the root , body, and apex regions; (cv) circumvallate papillae, (fu)
fungiform papillae, triangular fungiform papilla (fn), (cp) conical papillae, (fb) giant
bicuspid papillae, (ft) tricuspid papillag, and (hp) horny papillae.

high-resolution images of the papillary morphology of the
tongue were captured with a scanning electron microscope
(SEM, Zeiss Evo HD15) at 20 kV in high-vacuum mode.

The nomenclature was established based on the
distribution of papillae described in the literature, the
tongue was divided into three regions for analysis: apex
(anterior, medial and lateral apex), body (medial and lateral
region) and root (lateral, medial and posterior region)
(Gunawan et al. 2020) (Figure 1). For the classification of the
papillae, the adjusted nomenclature proposed by Gregorin
(2003) was applied.
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Macroscopically, the tongue is flat, elongated to a length
of 18 mm and a rounded apex. Initially, four types of lingual
papillae were identified: circumvallate and fungiform
(gustatory), as well as conical and filiform (mechanical). Six
subtypes of filiform papillae were found and three subtypes
of fungiform papillae. In the posterior region of the root
there are four circumvallate papillae (cv): two in the medial
region, one in the right lateral region, and one in the left
lateral region, all showing grooves and poorly developed
epithelia in the surrounding area (Figure 2a).

Next to the circumvallate papillae there are circular
fungiform papillae (fu) located in the posterior zone.
Additionally, conical papillae (cp) are arranged towards the
anterior zone of the root and the middle body, followed by
giant bicuspid (fb) and tricuspid filiform papillae (ft), which
are distributed across the transitional zone between the
root and the body. Tricuspid giant filiform papillae were less
numerous than bicuspids (Figure 2a).

In the body region, proximal to the root, numerous
bicuspid and giant tricuspid filiform papillae were observed
under stereoscopy. These papillae are robust, with central
grooves, and arranged in the medial and lateral areas,
accompanied by fungiform papillae forming a triangular
pattern (Figure 2b). On the lingual borders, some fungiform
papillae (mushroom or dome shaped) were also observed;
in this region, it was evident that the bicuspid papillae
decrease in size (Figure 2¢). In the intermediate zone
between the body and the apex, strictly filiform papillae
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Figure 2. Scanning electron micrographs (SEM) of the tongue of Platyrrhinus infuscus showing the distribution and morphology of the different types of lingual papillae. a) Dorsal
view of the central and lateral root region: (cv) circumvallate papillae, (fu) circular fungiform papillae, (cp) conical papillae, (fb) giant bicuspid filiform papillae. b) Mid-body region, dorsal
view: (fb) giant bicuspid filiform papillae, (ft) tricuspid filiform papillae, (fn) triangular fungiform papilla, central sulci (white arrows). ¢) Lingual margin of the body near the root, right lateral
view: (fc) vaulted fungiform papillae, (fu) circular fungiform papilla, (fb) giant bicuspid filiform papillae. d) Body-apex transitional region, dorsal view: (fe) strictly filiform papillae. ) Distal
apex, dorsal view: (fe) strictly filiform papillae, (dt) finger-like papillae, (fi) bifid filiform papillae, (hp) horny papillae. High-vacuum SEM was performed at 20 kV.
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Lingual morphology of Platyrrhinus infuscus

(fe) with an elongated form, composed of two or more
projections oriented towards the midline in the direction of
the pharynx, were distributed (Figure 2d).

At the lingual apex there is evidence of an island
of horny papillae (hp), large size and divided medially,
surrounded by digitiform papillae (dt) of a smaller
size, each consisting of more than five processes. The
bifid papillae (fi) appear thick, with a V-shaped or two-
pointed apex and only a few projections (Figure 2e).
Strictly filiform papillae are distributed across the entire
apex, surrounding the other papillae. They are also
present along the lingual edges, extending laterally and
posteriorly towards the ventral plane. The orientation of
this entire set of papillae is directed towards the medial
region of the body area (Figure 1).

The morphological characteristics of fruit bats suggest
that the arrangement, quantity, location, shape, and
microstructures of the lingual papillae contribute to
increased feeding efficiency (Birt et al. 1997). The first
type of papillae that come into contact with food are the
filiform papillae, with at least 16 recognized subtypes (Birt
et al. 1997; Gunawan et al. 2020; Gregorin and Zanatta

gustatory perception by broadening the sense of taste,
thereby increasing the sensitivity and detection of food
in the root region, while a greater number of fungiform
papillae improves the perception of food before it
progresses through the digestive system (Qjima et al.
2000; Ojima 2001).

The presence of four circumvallate papillae—two
medial, onerightlateral, and one left lateral—has also been
reported for species of Carollia perspicillata, Glossophaga
soricina, Leptonycteris yerbabuenae and L. nivalis of
the family Phyllostomidae. In the family Molossidae,
one pair of circumvallate papillae has been described
(Abumandour and El-Bakary 2013), while in other families
of aerial insectivores of the Neotropics, both one-pair and
two-pair patterns have been documented (Gregorin and
Zanatta 2021).

On the other hand, in the family Pteropodidae
(Hutcheon and Kirsch 2006) there are species such as
Rousettus aegyptiacus, R. amplexicaudatus, and Cynopterus
brachyotis are recognized as frugivores but present three
circumvallate papillae in a triangular pattern (Greenbaum
and Phillips 1974; Gregorin 2003; Jackowiak et al. 2009;

2021). One of these, known as horny papillae (also called
giant papillae), has been previously described in the family
Phyllostomidae in species such as Carollia perspicillata,
Glossophaga soricina (Masuko et al. 2007), Brachyphylla
cavernarum, Phyllonycteris poeyi, Artibeus jamaicensis,
Leptonycteris sanborni, Leptonycteris nivalis, Micronycteris
megalotis, and Mimon bennettii (Griffiths 1982), as well as in
the families Mormoopidae and Noctilionidae in Pteronotus
rubiginosus and Noctilio albiventris, respectively (Gregorin
and Zanatta 2021). This type of papillae, together with
the filiform papillae, are mechanical structures whose
microstructures and processes are fundamental for
adhesion, perforation, and fixation of food during flight
(Birt et al. 1997, Abumandour and El-Bakary 2013). For this
reason, their abundance and distribution between the apex
and the body, along with their directionality, facilitate the
movement of liquids and the fibers of fleshy fruits towards
the pharynx (Birt et al. 1997; Mqokeli and Downs 2013).
The giant bicuspid filiform papillae are characterized by
their large size and have previously been described only
in Artibeus jamaicensis (Griffiths 1982). However, this term
has also been used inconsistently to refer to horny papillae,
although the two do not represent the same morphological
type (Elizalde-Arellano et al. 2004a, b; Mgokeli and Downs
2013). The keratinization, abundance, and size of these
papillae play essential roles in swallowing and food
transport by squeezing and crushing fruits against the
palate (Birt et al. 1997; Mqokeli and Downs 2013).
Circumvallate papillae, on the other hand, are
characterized by the presence of taste buds on both
their surface and sides (Greenbaum and Phillips 1974).
Abumandour _and El-Bakary (2013) suggested that an
increase in the number of circumvallate papillae enhances
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Abumandour and El-Bakary 2013).

Frugivorous and nectarivorous species tend to exhibit
a greater number of circumvallate papillae. In addition, a
patternis observed where the family Pteropodidae generally
has three circumvallate papillae, while families such as
Phyllostomidae, Molossidae, Noctilionidae, Emballonuri-
dae, Furipteridae, Thyropteridae, Mormoopidae, Natalidae
and Vespertilionidae display greater variation in papillae
number (Masuko et al. 2007; Gregorin and Zanatta 2021;
Gregorin 2003), even reaching zero as in the case of
Desmodus rotundus (Masuko et al. 2007). Probably species
with frugivorous feeding habits possess a greater number
of circumvallate papillae due to the need to determine the
quality of food prior to ingestion.

The horny papillae are typically associated with the
frugivorous habit; however, their presence has also been
reported in specimens with insectivorous and piscivorous
diets (Elizalde-Arellano et al. 2004a, b; Gregorin and
Zanatta 2021). Similarly, giant bicuspid papillae, although
recorded only in one frugivorous species, are thought
to occur in other members of the family Phyllostomidae
(Griffiths 1982). The location, shape, and arrangement
of the mechanical papillae may be associated with the
compensation for missing teeth across bat families, since
their dental formulas vary considerably. These papillae are
therefore essential for the adhesion and fixation of food
during flight, a role fulfilled through the microstructures
and processes present in the lingual papillae (Mgokeli and
Downs 2013; Diaz et al. 2021).

This description links the morphology of the lingual
papillae, their microstructures, and arrangement with
frugivorous trophic habits, given that the topography
and types of mechanical papillae serve critical roles.




In addition, the taste buds enhance the sensation and
perception of fruit (Birt et al. 1997; Mgokeli and Downs
2013; Gunawan et al. 2020). For P. infuscus, there are
records of fruit consumption from the families Moraceae
and Solanaceae (Arias and Pacheco 2019). Based on the
lingual morphological description, it also shares papillary
types such as bifid, tricuspid, and horny papillae with
bats of the insectivorous guild; this could indicate an
occasional consumption of insects.

Several studies have shown that morphological
changes can occur in the lingual papillae at the
intraspecific level or even between subspecies, driven
by the availability of resources in the environments they
inhabit. Thus, individuals may consume one resource more
frequently than another, and this pattern, when associated
with geographical distribution, can influence tongue
morphology, as described in R. aegyptiacus (Mohamed et
al. 2013). Differences related to life stage have also been
reported: while certain papillae, such as taste buds, are
fully developed at birth, others, such as filiform papillae,
are underdeveloped in newborns and only reach full
maturation at later stages (Trzcieliniska-Lorych et al. 2009).
For this order, it has been suggested that adaptations in the
lingual surface morphology—and specifically in papillary
typology—are correlated with trophic habits and may even
serve as valid taxonomic characters (Harper et al. 2013;
Abumandour and El-Bakary 2013; Gregorin and Zanatta
2021; Attaallah et al. 2023).

Eleven types of papillae were identified on the lingual
surface of P. infuscus. In the root region, circumvallate
papillae were identified, along with circular fungiform
papillae and conical papillae, the latter two being exclusive
to the root and the transitional zone with the body. In the
lingual body, giant bicuspid papillae predominated, and
to a lesser extent tricuspid filiform papillae accompanied
by triangular fungiform papillae. Along the edges of the
tongue, giant bicuspid papillae decreased in size, while
fungiform papillae were identified. The most abundant
papillae in the lingual body were strictly filiform papillae,
extending from the terminal region of the middle body to
the apex of the tongue. The greatest diversity of papillae
was observed at the apex, with an island of horny papillae
surrounded by digitiform papillae and bifid filiform papillae,
all of which were directed toward the central canal of the
tongue and pharynx.

To continue this type of study, it is necessary to establish
a clear and comprehensive nomenclature that provides a
classification of papillae and facilitates their identification,
since several synonymies and irregular descriptions are
currently present for the different papillary types, hindering
accurate description and subsequent data standardization.

Finally, it is necessary to increase the number of
individuals studied within the same species to confirm that
the description effectively corresponds to the species. A
broader sample size could reveal intraspecific morphological
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variation associated with factors such as age, sex, and
geographical distribution. These sources of variation can
significantly influence the interpretation of lingual traits and
should therefore be carefully considered when establishing
diagnostic characters at the species level.
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