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A new record of hypodontia in Phyllostomus discolor
with notes on its evolutionary implications

Un nuevo registro de hipodoncia en Phyllostomus discolor
con notas sobre sus implicaciones evolutivas
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Dental anomalies are disruptions in the normal development of teeth, primarily caused by genetic mutations, leading to variations in the
number, shape, size, eruption, and formation of hard tissues. Although these abnormalities have been observed in various mammalian groups,
their incidence and implications remain underexplored. We identified one specimen of Phyllostomus discolor with a dental anomaly. Following
this discovery, we made a review of dental anomalies in Chiroptera searching for specific terms related to bats and dental anomalies and then
conducted a linear regression to detect the trend of publications. Here, we report a new record of hypodontia in the Pale Spear-nosed bat
Phyllostomus discolor. The hypodontia was identified in a male specimen of the Pale Spear-nosed bat from the Andean region of Colombia,
characterized by a missing incisor adjacent to internal incisors in the mandible, resulting in three lower incisors—one fewer than normal.
Understanding the patterns, incidence, and variations of dental anomalies across mammalian clades can enhance taxonomic studies and
elucidate the mechanisms driving dental trait diversification. However, we highlight a low interest in publications barely averaging 0.73 reports
per year. Contrary to what was expected, and unlike other genetic, eco-devo and evolutionary approaches used to investigate mammalian
teeth, we evidence a clear reduction and possible lack of interest in this topic. We urge researchers and curators to document such anomalies
that allow to challenge current hypotheses about their occurrence and evolutionary implications.
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Las anomalias dentales son alteraciones en el desarrollo normal de los dientes, causadas principalmente por mutaciones genéticas, que
provocan variaciones en el nimero, forma, tamano, erupcién y la formacion de los tejidos duros. Aunque estas anomalias se han observado
en diversos grupos de mamiferos, su incidencia e implicaciones siguen siendo poco exploradas. Se identificé un ejemplar de Phyllostomus
discolor con una anomalia dental. Tras este descubrimiento, se realizé una revision de las anomalias dentales en quirdpteros buscando términos
especificos relacionados con murciélagos y anomalias dentales, y posteriormente se realizd una regresién lineal para detectar la tendencia
de las publicaciones. Reportamos un nuevo registro de hipodoncia en el murciélago Phyllostomus discolor. La hipodoncia se identificé en
un ejemplar macho de murciélago de nariz de lanza palida de la regiéon andina de Colombia, caracterizado por la ausencia de un incisivo
adyacente a los incisivos internos de la mandibula, lo que resulta en tres incisivos inferiores, uno menos de lo normal. Comprender los patrones,
la incidencia y las variaciones de las anomalias dentales en los clados de mamiferos puede enriquecer los estudios taxonémicos y aclarar
los mecanismos que impulsan la diversificaciéon de los rasgos dentales. Sin embargo, destacamos el bajo interés en las publicaciones, con
un promedio de apenas 0,73 registros publicados al afio. Contrariamente a lo esperado, y a diferencia de lo que ocurre con otros enfoques
genéticos, de eco-devo y evolutivos utilizados para investigar los dientes de mamiferos, evidenciamos una clara reduccién y posible falta de
interés en este tema en particular. Recomendamos a investigadores y curadores a documentar estas anomalias que permitan cuestionar las
hipétesis actuales sobre su ocurrencia e implicaciones evolutivas.
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Dental development is tightly regulated by genetic disrupt this normal development, leading to anomalies in
mechanisms that ensure the formation, growth and tooth number, shape, size, eruption, internal structure, or
replacement of a specific number of teeth with precise the formation of hard tissues such as enamel, dentin, or
shapes and positions in each species (Yu and Klein 2020; cementum (Thesleff 2000). These deviations, commonly
Yamanaka 2022). However, mutations in certain genes can known as dental anomalies (Wolsan 1984), have been
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observed in a diverse range of mammalian groups,
including primates (both humans and non-human species;
Bateson 1892), pinnipeds (Drehmer, 2015), pilosans (e.g.,
sloths; McAfee 2014), marsupials (such as opossums;
Martin_and Chemisquy 2018), felids (Gomerci¢ et dl.
2009), and bats (Lépez-Aguirre 2014; Esquivel et al. 2017).
Despite the different types of dental anomalies that can
affect mammals (Table 1), the incidence and prevalence
of dental anomalies are possibly much higher has been
reported up to now, as many cases that have likely gone
not published. Even with the fact that dental anomalies
have not gone unnoticed by scientists (Phillips 1971; Rui
and Drehmer 2004), little interest has been given to their
recording and implications. Traditionally, dental anomalies
have been thought to be relatively rare phenotypes
resulting from poorly understood genetic, environmental,
or developmental processes (McAfee 2014). However,
such anomalies may present the principal source of
morphological variation in the teeth upon which natural
selection may operate. A modern phylogenetic analysis
on a dataset derived from 17,905 observations, examined
the patterns of dental anomalies across bats, and tested
for potential ecological and structural factors associated
with the incidence of dental anomalies in this group
(Esquivel et al. 2021). Remarkably, these authors found that
dental anomalies have a significant phylogenetic signal,
suggesting that they are not simply the result of random
mutations or developmental disorders, but susceptibility
may have genetic underpinnings resulting from shared
developmental pathways among closely related species.

The presence of this lineage-specific patters produces a
developmental bias, that can drive morphological evolution
in specific directions through nonrandom phenotypic
transitions (Brigandt 2020). Intrinsic developmental
differences between lineages, alongside selective pressures,
are crucial factors in this process (Brown 2014). For instance,
if some phenotypes, like hypodontia, are more likely to
arise spontaneously than others, such as hyperdontia, this
may drive dental trait evolution (Brigandt 2020; Esquivel
et al. 2021). This influence is relevant even in traits under
selection, making some lineages more likely to change in
response to new selective pressures (Brown 2014).

A deeper understanding of odontogenesis (tooth
formation) can provide insights about occurrence of
dental anomalies in mammals (Thesleff 2000; Bei 2009;
Juuri_and Balic 2017). Odontogenesis involves over 300
genes and more than 100 transcription factors (Bei 2009).
However, there are no known genes for a specific tooth
class, instead, different combinations of genes are involved
(Wakamatsu et al. 2019). In addition, tooth formation
results from interactions between two embryonic
tissues: the ectodermal epithelium (dental lamina) and
ectomesenchyme (Mitsiadis and Smith 2006). Therefore,
dental anomalies are a complex phenomenon related to
various genetic factors and regulatory pathways. There are
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Table 1. Classification and diagnosis of the main dental anomalies that can affect
bats and other mammals.

What type of dental anomaly is it?

Category What name to When to use?
use?

By Number Anodontia Total lack of development of teeth (same as
agenesis of teeth).

Hypodontia Having less than six missing teeth.

Oligodontia Six or more missing teeth.

Hyperdontia One or more extra teeth. Also called
supernumerary teeth or Polyodontia.

By Size Microdontia Teeth that are smaller than normal. At least
40% or more.

Macrodontia Teeth that are larger than normal. At least 40%
or more.

By Position Transposition Interchange in the position of two adjacent
permanent teeth.

Transmigration Movement of an impacted tooth across the
jaw midline.

Diastema Presence of an abnormal space between two
adjacent teeth.

By Eruption Ectopic A tooth that erupts or develops in an
abnormal position outside of the normal
dental arch.

Impaction A condition where a tooth fails to fully emerge
through the gum line and remains partially or
completely trapped beneath the gum tissue
and/or bone.

Retained A tooth that persists in the oral cavity

beyond its expected time of exfoliation or
replacement, failing to shed according to the
normal timeline of dental development for
the species.

By Morphology Germination A single tooth germ attempts to divide into

(twinning) two, resulting in the formation of an oversized
tooth with two distinct crowns. This is a type
of “Double tooth” or “connate tooth”.

Fusion Two adjacent tooth germs fuse together,

(Synodontia) resulting in the formation of a single, larger
tooth structure. This is a type of “Double

tooth” or “connate tooth”.

Talon cusp Cusp-like structure projecting from the
cingulum area or lingual surface of an anterior
tooth, commonly the maxillary lateral incisor.
This extra cusp resembles a talon and can vary

in size and shape.

Dens evaginatus  Abnormal tubercle or cusp-like projection
arising from the occlusal surface of a premolar
tooth.

Densinvaginatus Deep invagination of the crown or root
surface covered by enamel.

Concrescence Two or more adjacent teeth become fused

together by cementum.

Taurodontism Elongation of the pulp chamber in a tooth,
resulting in an enlarged pulp chamber and

shortened roots.

Dilaceration An abnormal and abrupt deviation in the root
of a tooth.
Enamel Pearl A small, spherical or globular formation of

excess enamel on the surface of a tooth.

four main pathways that not only regulate odontogenesis
but also interact with each other (Zhang 2023). The WNT
signaling pathway plays a critical role in the initiation and
morphogenesis stages; the Sonic Hedgehog (SHH) pathway
is involved in the establishment of the dental field and the
specification of tooth identity; the Bone Morphogenetic
Protein (BMP) pathway is essential for the regulation of
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Figure 1. Lateral (A) and occlusal view (B) of the mandible of specimen ICN 5913, detailing the missing incisor.

mesenchymal-epithelial interactions; the Fibroblast Growth
Factor (FGF) pathway plays a role in the regulation of cell
proliferation and differentiation (Zhang 2023).

Knockout/knockdown mice studies reveal the
relationships between these pathways and tooth
phenotypes. For example, mutations in the SOSTDC1 gene
(@ WNT inhibitor) result in supernumerary teeth (Hermans
etal. 2021), while mutations in GLI2 (a SHH activator) cause
absent teeth (Hermans et al. 2021). These pathways are
promising candidates for studying tooth anomalies and
normal phenotypic variation within and among species.

Here, we present a new record of dental anomaly in
Phyllostomus discolor, advancing knowledge on these types

of anomalies in the Phyllostomidae family. We also discuss
temporal trends in publications, and interest among the
scientific community.

During a taxonomic review of the neotropical bat genus
Phyllostomus, we identified one specimen of Phyllostomus
discolor (out of 260 analyzed) housed at the Instituto de
Ciencias Naturales (ICN, Bogota D. C.,, Colombia) with a
dental anomaly in the mandible and take its morphometric
measurements (in mm) are as follows: forearm (AB), total
length (TL), ear length (E), foot length (FL), greatest length of
skull (GLS), condyloincisive length (CIL), condylocaninelength
(CCL), zygomatic breadth (ZB), postorbital breadth (PB),
palatal length (PL), and dentary length (DENL). Following this
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Figure 2. Historical trend of publications on dental anomalies in bats.

discovery, we reanalyzed the data from Esquivel et al. (2021)
on publications about dental anomalies in bats, and updated
it to identify temporal trends. We surveyed databases
such as Google Scholar, ISI Web of Knowledge, Scopus,
Biodiversity Heritage Library, and institutional repositories
using keywords in Spanish, English, and Portuguese:“Bat” OR

"nu

“Chiroptera” AND“dental anomalies’,“abnormal’, “extra teeth’,
“hyperdontia’, “oligodontia’, “polyodontia’, “supernumerary
teeth”, “hypodontia’, and “dental variation” We calculated
the number of publications per year and conducted a
linear regression to test the hypothesis that research on this
topic follows a positive trend, with an increasing number of
publications over consecutive decades. All our analyses were
performed using R software (R Core Team 2024).

The dental anomaly is reported from the specimen ICN
17630 which has a missing lateral incisor (12) in the mandible,
without alveoli, resulting in a total of 3 lower incisors in each
side of the mandible- one fewer than normal (Figures 1 and
2).This specimen is an adult male, exhibiting cranial sutures
with advanced degree of ossification and little wear on the
tooth cusps. Its morphometric measurements (in mm) are
as follows: AB=63.95,TL=94,E=22,FL=16,GLS=31.3,CIL
=28.2, CCL=26.3,ZB=16.6, PB=6.9, PL = 13.9, and DENL
= 19.9. This individual was collected by M. E. Rodriguez,
P. A. Otalora, A. Camargo on July 09, 2001, in Ocamonte,
Santander, Colombia. The lack of a dental socket, combined
with the number of incisors and minimal dental wear, leads
us to conclude that the anomaly is hypodontia, instead of
the loss by a traumatic event.

From our survey, we found 85 publications (Figure 2)
reporting dental anomalies in bats along 114 years. The
number of publications vary across different decades,
though it is apparent that research in this area has been
relatively sparse, with a rate of 0.73 publications per year.
Each decade shows values ranging between 5 to 18 of
publications, highlighting a significant underrepresentation
in the scientific literature. Although there was a slight
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increase in the 1980s, this trend has not been sustained.
In fact, the number of publications has been declining
steadily since the 1990s (Figure 2). Our regression analysis
confirms that statement. The p-value indicates that the year
is not a statistically significant predictor of the number of
publications (P > 0.05) showing no increase in the number
of publications over consecutive decades.

Our record of hypodontia in Phyllostomus discolor is
the second documented case for this species. The first
observation was reported by Polaco et al. (1992), who
identified an individual from Mexico missing the second
upper premolar (P4). This new finding not only augments
the known reports within Phyllostomus but also contributes
to the broader dataset of dental anomalies within the
Phyllostomidae family, which currently includes 50 species
exhibiting these type of anomalies (Esquivel et al. 2021).
The standard dental formula for Phyllostomus is 2/2, 1/1,
2/2, 3/3 x 2 = 32 (Williams and Genoways, 2007). Notably,
our report marks the first incidence of hypodontia affecting
an incisor in this genus.

This dental anomaly may be attributable to an isolated
mutation present in this individual that reduces the
odontogenic potential of the continuous lamina causing
punctual tooth loss (Juuri and Balic 2017). The lack of
similar anomalies in other specimens from the study
area suggests that this is an uncommon mutation within
the population (Colombia, Santander, Ocamonte, Finca
Macanal, Cueva laVirgen; 1,290 m, 6° 17°47"N, 73° 8’ 19"W).
Notably, the occurrence of dental anomalies in Chiroptera
is approximately 4.65 % (Esquivel et al. 2021), so while its
occurrence is considered rare, it is actually a phenomenon
that may be more common than thought.

Further research could involve identifying the genetic
basis of dental anomalies in bats and other mammals,
which could enhance our understanding of the evolution
of teeth as well as other related traits. Moreover,
comparative studies among different taxa could highlight
the existence of phylogenetic signals and shed light on
the mechanisms underlying the diversification of dental
traits (Sadier et al. 2023; Marrelli 2024). Understanding
patterns and incidence of dental anomalies, as well as
their variations across different clades, might also be of
value for taxonomic studies in bats and other mammals.
Despite its importance, it is concerning that the attention
to documenting dental anomalies has declined in recent
years. Indeed, 71 % of reports on dental anomalies in bats
were published before the year 2000. In contrast, only one
such report on average has been published per year over
the past 24 years. Therefore, we earnestly call for increased
reporting of these anomalies, given the current hypotheses
about their incidence and their potential to contribute to
our understanding of dental evolution in mammals. By
documenting and analyzing these dental anomalies, we can
contribute to a better understanding of their prevalence
and implications.
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