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Abstract

Bats have been considered non-sexually dimorphic in most species due to the lack of conspicuous body size differences
between sexes, but other traits may offer unequivocal evidence of sexual dimorphism and can likely play critical roles in
reproduction. Almost 150 years ago, an unusual fleshy structure on the chest was discovered in an adult male little white-
shouldered bat, Ametrida centurio, specimen stored in the collection of the British Museum (London). In addition to sexual
differences in body size in this species, males also had swollen pads below their eyes. Here we show that there are other
important sexually dimorphic traits that previously were not found in museum specimens, reinforcing how important com-
plementary observations of live animals are for discovering traits that have been unnoticed for centuries. We report two new,
unusual, presumably—but still not confirmed—glandular structures in male A. centurio, hereafter referred to as axillary
and genital traits. The axillary structure is a hairless, reddened and moist area located beneath each wing, observed when
wings are elevated. The genital structure surrounds the penis and coats the scrotal area and adjacent fur with a thick secre-
tion. Combined, observations of these sexually dimorphic traits, and the larger size of females compared to males, makes A.
centurio a species with five sexually dimorphic characters. The nature, development, function, and variation of these male
traits remain unknown. Future field studies should focus on careful observation of bat behavior to shed light on the function
of these intriguing traits, and give us a better understanding of sexual selection.
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Most species of bats have not been considered sexu-
ally dimorphic due to the lack of conspicuous differences

between sexes because males and females are often equiv-
alent in body size (Ralls 1977; Lu et al. 2014). Evidence
from the past decades, however, has revealed that traits other
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Fig. 1 Thoracic (chest) “glands” in Ametrida centurio by (A) Dob-
son (1878, p. 531, plate XXX, Fig. 2) and (B) Peterson (1965, p. 10,
Fig. 1). The sketches shown in (B) were made by Karl S. Pogany,

than body size (i.e., glands and odors) may play key roles
in reproduction (reviewed in Mufioz-Romo et al. 2021).
In particular, chemical signaling may be critical to mating
behavior, but it has been understudied in bats (Dechmann
and Safi 2005; Muifioz-Romo et al. 2021). Although sexual
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Royal Ontario Museum, in the field of specimen ROM 31697 col-
lected in Guyana. The thoracic “glands” are indicated with arrows

dimorphism has gone largely unnoticed for years, many male
bats are distinguishable from females by secondary sexual
traits that are conspicuously developed during the restricted
periods of time in which they mate (Mufioz-Romo et al.
2021). The importance of detailed and timely observations
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Fig.2 Newly described axillary (A, B) and genital (C, D) gland-like
structures (dashed arrows) in an adult male Ametrida centurio from
Brazil. Previously described thoracic (chest) “glands” and swol-

of males during the mating season may reveal traits that are
hidden during the non-reproductive seasons.

George Edward Dobson, a visionary Irish naturalist, noted
extraordinary attributes in a male bat nearly 150 years ago
by examining museum specimens stored in the collection of
the British Museum of Natural History in London (Dobson
1878). His careful examination of specimens revealed an
unusual trait in the holotype of the little white-shouldered
bat, Ametrida centurio, described by Gray (1847): a fleshy
structure elongated towards both sides of the chest (Fig. 1A).
Dobson (1878:531) wrote: “On the inferior surface of the
thorax, in the centre, slightly posterior to a line drawn
between the mammae, a peculiar transverse elevation exists,
at the extremities of which a small projection appears at
each side like a teat, from the end of which long hairs arise.
This is probably a glandular organ (Plate XXX. Figure 2)”.

This unusual trait was considered a remarkable charac-
ter in Chiroptera (Dobson 1878). From the time of initial
observation, this trait remained unstudied for almost nine
decades, until it was described and illustrated again by Ran-
dolph Lee Peterson at the Royal Ontario Museum in 1965,
through examination in the field of newly caught and pre-
pared museum specimens. Peterson (1965:8) described the
trait as ‘a glandular area on the chest ... well developed
on two males ... and protrudes laterally as a pair of bifid

len pads below eyes (white arrows) are also visible (A, D). Photos:
Emmanuel Messias Vilar

pendulant flaps’ (Fig. 1B). According to Peterson (1965:8),
although a glandular area seemed present in females, male
specimens showed a more developed gland, described as
‘much thicker and turgid, as if filled with a waxy material’.
This was the first suggestion that the chest gland was a sexu-
ally dimorphic character that supported previously known
differences in body size. But at this time, there were only
30 known specimens in the genus Ametrida, which at that
time was divided into two species: A. centurio and A. minor.
Ametrida minor was described by Allen (1894) who noted
that several cephalic characters and “...the gland-like swell-
ing on the front of the thorax, are as in A. centurio”. After
discovering a few incorrectly sexed specimens, including the
holotype of A. centurio, Peterson (1965) also noted that the
larger (forearm length 29.8-33.2 mm) A. centurio were all
females and the smaller (forearm length 24.6-26.5 mm) A.
minor were all males. This finding contributed to the syn-
onymizing of A. minor under A. centurio.

Swollen pads below the eyes have also been observed in
males and are currently recognized as sexually dimorphic
characters (Emmons and Feer 1997; Lee and Dominguez
2000). Peterson (1965) wrote “puffy eye lids” on the speci-
men label of an adult male (ROM 31697) captured at Nappi
Creek, Kanuku Mountains, Guyana, on February 26, 1961
(Fig. 1B).
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Fig. 3 Newly described axillary (A) and genital (C) gland-like structures (dashed arrows) in an adult male Ametrida centurio from French Gui-
ana. Previously described chest “glands” and swollen pads below eyes (white arrows) are also visible (A, B). Photos: Magl Dewynter

Fig.4 Axillary (A, dashed arrow) and genital gland-like structures (B, dashed arrows) in adult male Ametrida centurio from Suriname. Previ-
ously described chest “glands” and swollen pads below eyes (white arrows) are also visible (A). Photos: Burton K. Lim

The examination of museum specimens has proven criti-
cal for discovering traits that sometimes go unnoticed due
to poorly illuminated conditions and/or rapid processing
during field trips. However, detailed observations of bats
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in the wild are not only paramount but also complementary
as these could reveal traits that are challenging to detect in
museum specimens due to formalin fixation for preservation
that hardens bodies in rigid positions or desiccation of soft
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anatomical structures in dried skins. Here we show that Dob-
son’s meticulous attention to detail and Peterson’s subse-
quent review still missed some important sexually dimorphic
traits. We consider it critical to present them here so that
traits in rare, elusive or geographically restricted species of
bats such as A. centurio (Peterson 1965; Simmons and Voss
1998) are carefully observed and examined in future cap-
tures. We report two new gland-like characters in males of A.
centurio, axillary and genital traits (Figs. 2, 3, and 4), based
on captures of adult males of this rare species (Emmons and
Feer 1997; Simmons and Voss 1998; Peterson 1965).

An adult male A. centurio with enlarged testes was
captured (UFPB 9154; SISBIO license number: 41683—1;
Fig. 2) by Emmanuel Messias Vilar in Reserva Bioldgica
Guaribas SEMA 2, Mamanguape—Paraiba (06°43'44.9"
S, 35°0822.4" W), Brazil, on May 31, 2014 during a new
moon phase at 19:30 h in a mist-net (3.0 mx 2.5 m) placed
at canopy level (8.3 m height). A second adult male with
enlarged testes was captured by Maél Dewynter on the Appr-
ouague River, Saut Mapaou (04°11'29.3" N, 52°18'57.5"
W), French Guiana on November 14, 2015 during a wax-
ing crescent moon at 20:00 h in a mist-net (12.0 m X 2.5 m)
placed at ground level. This individual was released after
identification and photographs (Fig. 3). A third adult male
with enlarged testes (4 X2 mm) was captured by Burton K.
Lim, Sean Dilrosun, and Daniél S. Bechan at Sabajo, Para
(05°0526.6" N, 54°44'59.6" W), Suriname on September
29, 2017 during a waxing gibbous moon in a mist-net placed
in tall, lightly disturbed forest on lateritic soil in hilly terrain.
This individual (ROM 126244) was prepared as a skin, skull,
and skeleton specimen after identification and photographs
(Fig. 4).

The first newly described sexually dimorphic trait we
found is a hairless axillary gland-like region. This trait was
reddened and wet in two of our specimens (Figs. 2A, 3A),
and was completely different in overall appearance from
the chest “gland” (see Peterson 1965). When the wings are
elevated, as when the bat flies, a small slit is observed in the
center of the wet area (Fig. 3A).

The second newly described sexually dimorphic character
is a genital gland-like trait. A thick secretion saturates the
fur and skin of the genital area making it discernibly darker
than the surrounding fur (Figs. 2C, D, 3C, and 4B). This
thick secretion seems to emerge from the area surrounding
the penis, suggesting it could be related to a preputial gland
although confirming actual glandular properties needs fur-
ther investigation. The scrotum in males gives an impression
of disproportionately large surface area in relation to body
size, with unusually enlarged testes surrounded by a swol-
len area. Androgen-dependent preputial glands have been
described in mice and are known as the source of chemical
signals (pheromones) with important roles in reproduction
(Marchlewska-Koj et al. 1990; Brain et al. 1987; Homady

2017; Liu et al. 2019). The fur surrounding and covering A.
centurio testes is impregnated by the thick substance. Some
longer, whiter, presumably specialized hairs are also visible
surrounding the penis whereas darker hairs seem to be pre-
sent in the remainder of this region. It is still unclear whether
a distinct odor is associated with these traits in male bats.

The combined observations of two undescribed (axil-
lary and genital gland-like structures) and two previously
described sexually dimorphic traits (chest “glands”, and
swollen pads below eyes) makes Ametrida centurio a target
species to study sexual dimorphism in bats. The develop-
ment, function, and variation of these four male traits are
unknown and require further study.

Timing of reproductive condition and constraints associ-
ated with the preservation of the biological material exam-
ined by both Dobson (1878) and Peterson (1965) suggest
why these two newly described traits were not previously
noted for A. centurio. Fluid-preserved and dried skin speci-
mens render certain areas of the body difficult to observe,
such as the area underneath the wing, or the condition of the
fur surrounding the genital area.

We experienced this difficulty in distinguishing these
sexually dimorphic soft attributes when examining speci-
mens at the Royal Ontario Museum collected in Guyana and
Suriname. The developed chest “gland” and swollen pads
below the eyes in adult males are typically noticeable in
fluid-preserved specimens. However, the genital and axillary
gland-like traits were difficult to distinguish, presumably due
to dehydration. We also noticed males exhibiting a collar of
white hairs around the penis as in Fig. 4B, which could be
related to the genital trait. In dried skin specimens, only the
chest “gland” is usually distinguishable. The soft anatomy
of the axillary and genital traits, and swollen eye lids were
desiccated beyond recognition.

We emphasize the importance of making researchers
aware of these male traits so that when the opportunity
arises to capture an individual, especially around May and
November when the reproductive traits are well developed,
observations can be made to add context to our understand-
ing of this sexual dimorphism. In addition, the possibility
to observe behavioral displays that could reveal the traits’
potential function will also be valuable ecological data
(e.g., Flores and Page 2017; Muifioz-Romo et al 2011; Voigt
and von Helversen 1999). Studying behavior has revealed
or confirmed the non-glandular nature of some secondary
sexual traits such as wing sacs in male greater sac-winged
bats, Saccopteryx bilineata (Starck 1958; Voigt and von
Helversen 1999), dorsal patches of male long-nosed bats,
Leptonycteris curasoae (Mufioz-Romo et al. 2011), and fore-
arm crusts of male fringe-lipped bats, Trachops cirrhosus
(Flores and Page 2017). In these three cases, males collect
bodily substances for filling the wing sacs in S. bilineata,
smearing the upper back in L. curasoae, and covering the
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forearm in 7. cirrhosus. Careful observation of bat behav-
ior reveals critical information illuminating the function of
these traits.

Ametrida centurio remains a mysterious species in
which males have at least four sexually dimorphic traits of
unknown but presumably important reproductive function.
Detailed study of these male traits would add great value
to our understanding of reproductive dynamics and sexual
selection in this species. Basic metrics for further study
include recording accurate measurements of length and
width of traits and testes to obtain values describing area or
volume, ideally across both the reproductive and non-repro-
ductive seasons. Developing a creative method to estimate
the size of these traits would also be useful (Mufioz-Romo
et al. 2021), such as high-resolution scaled photographs.
Chemical analysis of secretions and odorous characteriza-
tion combined with behavioral observations of these bats in
nature would add valuable information, shedding light on the
potential roles these traits play in sexual selection.
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