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Abstract: Vision in echolocating bats works complementary to their echolocation signals and is especially
important in long-range orientation. Contrary to previous predictions, we report here the first case of blindness
and ocular anomalies in healthy adult echolocating bats.
Two anomalous individuals of Carollia perspicillata, two
Artibeus planirostris and one Artibeus lituratus were captured in highly human-modified areas (urban and agricultural). One C. perspicillata was totally blind exhibiting
completely closed eyelids and the others presented strong
corneal opacity in their right eye. Our finding brings new
insights about the habitat perception in mammals and
suggests an unreported ecological compensation of the
sensory system in bats.
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Contrary to the popular belief, bats are not blind. Indeed,
the vision in flying mammals plays an important role in
light detection, long-range orientation and environmental
recognition (Eklöf 2003, Geva-Sagiv et al. 2015, Liu et al.
2015), as well as in enabling leader-follower behaviors in
groups of conspecifics (Kong et al. 2016). In echolocating bats, functional vision works complementary to their
sonar system (Eklöf 2003, Denzinger and Schnitzler 2013),
and some species [e.g. Glossophaga soricina (Pallas, 1766)
and Carollia perspicillata (Linnaeus, 1758)] have even
extended their visual range into ultraviolet perception
(Müller et al. 2009).
*Corresponding author: Anderson Feijó, Key Laboratory of
Zoological Systematics and Evolution, Institute of Zoology, Chinese
Academy of Science, Beichen West Road, Chaoyang District, 100101
Beijing, China, e-mail: andefeijo@gmail.com, anderson@ioz.ac.cn
Hannah Nunes, Emmanuel Messias Vilar and Patrício Adriano da
Rocha: Laboratório de Mamíferos, Departamento de Sistemática e
Ecologia, CCEN, Universidade Federal da Paraíba, Campus I, 58051900 João Pessoa, PB, Brazil; and Programa de Pós-Graduação em
Ciências Biológicas (Zoologia), Departamento de Sistemática e
Ecologia, CCEN, Universidade Federal da Paraíba, Campus I, 58051900 João Pessoa, PB, Brazil

Disabilities in major sensory systems in wild animals
are expected to be fatal and thus rarely documented. To
date, only one study has reported ocular anomalies in
wild bats based on four newborn individuals of Eptesicus fuscus (Palisot de Beauvois, 1796) (Kunz and Chase
1983). The authors speculated that the anomalous juveniles would not reach adulthood and adult bats with eye
deformities would likely succumb in nature. Contrary to
this prediction, we report herein the first case of blindness
and ocular anomalies in adult echolocating bats.
The anomalous bats were captured in five bat surveys
in highly human-modified areas in northeastern Brazil.
Information about surveyed areas and sampling efforts
is presented in Table 1. Bats were handled and processed
according to the recommendations of Sikes et al. (2011)
and with the authorization of the Chico Mendes Institute
for Biodiversity Conservation (ICMBio – SISBIO Permit
Numbers: 35846; 45168-3, 9204-1). The specimens collected
were fixed in 10% formalin, preserved in 70% alcohol and
deposited in the Mammal Collection of the Federal University of Paraíba (UFPB), João Pessoa, Brazil.
The body condition index (BCI) was used to infer the
animal health condition (Labocha et al. 2014). BCI was
calculated as the ratio of body mass divided by forearm
length, as used in other bat studies (e.g. Jonasson and
Willis 2011). To evaluate the visual acuity of the anomalous individuals, we performed two pupillary-response
tests, one using a flashlight to verify the involuntary
contraction of the pupil through light exposure (light
response test), and other by placing objects near their
eyes (near response test). These two tests are widely used
to assess the functions of the optic and oculomotor nerves
(Bremner 2004, Broadway 2012).
We captured two individuals of Carollia perspicillata
(sites 1 and 2), two Artibeus planirostris (Spix, 1823) (sites 3
and 4) and one Artibeus lituratus (Olfers, 1818) (site 5) with
ocular anomalies in one or both eyes. Data on sex, age,
body mass, forearm length, body condition index and
type of ocular anomalies for the four individuals are summarized in Table 2.
One adult Carollia perspicillata was totally blind with
the eyelids of both eyes completely closed (Figure 1A).
Another adult C. perspicillata showed strong corneal
opacity in the right eye and an inert left eye (Figure 1B).
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Table 1: Sampling localities in the Atlantic Forest biome and techniques employed during bat surveys in the states of Paraiba, Pernambuco
and Sergipe, northeastern Brazil.
Site (Lat, Long)

Matrix

Sampling technique

Sampling period

Sampling effort

(1) Mata do Zumbi Ecological Reserve,
Cabo de Santo Agostinho, Pernambuco
(−8.312138 S, −34.999388 W)
(2) Remnant in the municipality of Caaporã,
Paraíba (−7.465777 S, −34.964666 W)
(3) Guaribas Biological Reserve, Rio Tinto,
Paraíba (−6.805222 S, −35.084333 W)
(4) Backyard of a residence located at João
Pessoa, Paraíba (−7.182787, −34.889517)
(5) Santana Farm, Pacatuba, Sergipe
(−10.554804, −36.738447)

Urban

Ground-level mist-net

13 Days in June 2013

19.440 m2h

Agricultural
(sugarcane)
Peri-urban and
agricultural
Urban

Ground-level mist-net

16.200 m2h

Agricultural
(sugarcane)

Ground-level mist-net

12 Days in August 2012
and April 2013
3 Days monthly from April
2012 to March 2013
One-night survey on July
2015
10 Days in October 2013

Canopy and groundlevel mist-net
Ground-level mist-net

92.092 m2h
405 m2h
25.920 m2h

Total sampling effort (squared meters. hour) was calculated following Straube and Bianconi (2002).
Table 2: Characteristics of ocular anomalous adult bats from Pernambuco (site 1), Paraíba (sites 2 to 4) and Sergipe (site 5), northeastern
Brazil.
Site

Species

Sex

1
2
3
4
5

Carollia perspicillata (UFPB7467)
Carollia perspicillata (AF604)
Artibeus planirostris (released)
Artibeus planirostris (HLN456)
Artibeus lituratus (CUS10)

Female
Male
Male
Male
Male

Body
mass (g)

Forearm
length (mm)

BCI

16
15.5
39.5
37.5
60

42.1
42.5
60.5
58
73.2

0.38
0.36
0.65
0.64
0.81

Ocular anomaly
Closed eyelids in both eyes
Corneal opacity in the right eye and inert left eye
Reduced size and corneal opacity in the right eye
Reduced size and corneal opacity in the right eye
Corneal opacity in the right eye

BCI, body condition index.

The individuals of Artibeus planirostris (Figure 1C) and
Artibeus lituratus (Figure 1D) presented corneal opacity
in their right eye. Pupillary response tests performed with
flashlights and other objects placed close to their eyes
revealed negative responses (i.e. no change of pupil size)
in both eyes of C. perspicillata and in the right opaque eye
of the two A. planirostris (their left eye reacted normally).
BCI of the blind bat and of the four individuals with
abnormal eyes were within the range of the population
(Figure 2). In other words, these visually impaired animals
seemed to have a similar health condition relative to other
bats, although they had a slightly lower BCI.
This is the first report of blindness and ocular anomalies in wild adult bats. The existence of only one prior
record evidences the rarity of this deformity in the order
Chiroptera. Kunz and Chase (1983) also found a very low
incidence (1.6%, two of 122) of ocular anomalies in a
maternity roost of Eptesicus fuscus in the United States.
Similar to the deformities present in our bats, the authors
reported an 18-day-old female bat with both eyelids closed
and a 16-day-old male bat with an ocular deformation on
its right eye, which was nearly three times smaller than
its left eye. Histological analyses revealed that these

anomalous eyes not only had an abnormal appearance but
also had severe functional problems (incomplete differentiation of retina and absence of pigment in the choroid
and in the retinal pigment epithelium) (Kunz and Chase
1983). Consonantly, the negative response to the pupillary
tests (light and near response) of our three anomalous
bats indicates damage to the optic nerves and partial or
total loss of vision (Spector 1990, Bremner 2004).
Blindness, either total or partial, is expected to compromise environmental perception, spatial orientation,
foraging and make animals easier targets for predators.
This is especially true for frugivorous bats that rely more
on their vision than for insectivorous (Eklöf 2003). Nevertheless, the body condition of all five anomalous frugivorous bats fits the population pattern (Figure 2), suggesting
that other sensory systems still allow bats to successfully
explore the environment. In addition to echolocation and
vision, Geva-Sagiv et al. (2015) pointed out four sensory
systems used by bats to orient and navigate: olfaction,
somatosensation, vestibular sense and magnetosensation. For instance, olfactory sensitivity to fruit chemical
components is well developed in Carollia perspicillata,
surpassing of the non-frugivorous bats and rodents, a
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Figure 2: Beanplot of the body condition index (BCI) of Carollia
perspicillata (sites 1 and 2), Artibeus planirostris (sites 3 and 4) and
Artibeus lituratus (site 5) populations in each collecting locality.
BCI is based on adult animals of the same gender as the anomalous
bat. The solid black line represents the median and the dashed red
line, the BCI of the anomalous bat.

Figure 1: Ocular anomalous bats.
(A) Right and left head sides of a blind adult individual (eyelids
completely joined) of Carollia perspicillata collected in 2013 at the
Mata do Zumbi Ecological Reserve, Pernambuco, Brazil. (B) Right
and left head sides of an adult individual of Carollia perspicillata
with corneal opacity in the right eye collected in 2013 at Caaporã,
Paraíba, Brazil. (C) Right and left head sides of Artibeus planirostris
with opaque and reduced right eye collected in 2013 at Guaribas
Biological Reserve, Paraíba, Brazil. (D) Right and left head sides
of Artibeus lituratus with opaque right eye collected in 2013 at the
Santana farm, Sergipe, Brazil.

feature clearly related to its diet (Laska 1990). Therefore,
our finding reinforces the powerful complex integration of
the sensory components in bats, providing flexible multiscale perception of the environment (Geva-Sagiv et al.

2015), which might explain the successful niche exploitation of our blind individuals.
Eye disorders may be caused by several factors, such
as infections, aging, inbreeding and teratogen chemicals
(Kunz and Chase 1983, Sonntag et al. 2009, Kim et al.
2017). Tracking the origin of body anomalies in wild
animals is a hard task and sometimes mostly speculative.
It is noteworthy, however, that all anomalous individuals were captured in highly human-modified areas surrounded by sugarcane crops or urban landscapes. Kunz
and Chase (1983) related the extensive use of pesticides
as possible causes of eyes malformations in newborns of
Eptesicus fuscus. While studying frogs, Taylor et al. (2005)
found a high positive association between limb malformation and proximity to agricultural lands. Unfortunately,
our limited knowledge about the pathology of the eye
disorders in the anomalous bats precludes any robust
hypothesis regarding their causes.
Our finding of blind bats in nature brings new insights
about the habitat perception in mammals and suggests an
unreported ecological compensation of the sensory system
in bats that might drive future physiologic and neurologic
studies of orientation behavior in echolocating animals.
Acknowledgments: We would like to thank Guilherme
Siniciato T. Garbino and Noé U. de la Sancha for their
helpful comments on early versions of the manuscript,
and Ricardo Silveira Filho, Felipe Jardelino Eloi, Jeanneson Silva, Fabrício Furni and Derick Lima for field work
assistance. This work was partially supported by CAPES
and by the Programa Pesquisa para o SUS (Grant number
EFP_00008705). AF is supported by the Chinese Academy
of Sciences President’s International Fellowship Initiative
(grant no. 2018PB0040).
Brought to you by | provisional account
Unauthenticated
Download Date | 7/30/18 3:52 PM

4

A. Feijó et al.: Blindness in bats

References
Bremner, F.D. 2004. Pupil assessment in optic nerve disorders. Eye
18: 1175–1181.
Broadway, D.C. 2012. How to test for a relative afferent pupillary
defect (RAPD). Community Eye Health 25: 58–59.
Denzinger, A. and H.U. Schnitzler. 2013. Bat guilds, a concept to
classify the highly diverse foraging and echolocation behaviors
of microchiropteran bats. Front. Physiol. 4: 1–15.
Eklöf, J. 2003. Vision in echolocating bats. PhD Thesis, Göteborg
University, Gothenburg. pp. 107.
Geva-Sagiv, M., L. Las, Y. Yovel and N. Ulanovsky. 2015. Spatial cognition in bats and rats: from sensory acquisition to multiscale
maps and navigation. Nature 16: 94–108.
Jonasson, K.A. and C.K.R. Willis. 2011. Changes in body condition of
hibernating bats support the thrifty female hypothesis and predict consequences for populations with white-nose syndrome.
PLoS One 6: e21061.
Kim, J.H., J.H. Jeon, K.H. Park, H.Y. Yoon and J.Y. Kim. 2017. Acute
blindness in a dog with Acinetobacter-associated postencephalitic hydrocephalus. J. Vet. Med. Sci. 79: 1741–1745.
Kong, Z., N. Fuller, S. Wang, K. Ozcimder, E. Gillam, D. Theriault,
M. Betke and J. Baillieul. 2016. Perceptual modalities guiding
bat flight in a native habitat. Sci. Rep. 6: 27252.
Kunz, T.H. and J. Chase. 1983. Osteological and ocular anomalies
in juvenile big brown bats (Eptesicus fuscus). Can. J. Zool. 61:
365–369.
Labocha, M.K., H. Schutz and J.P. Hayes. 2014. Which body
condition index is best? Oikos 123: 111–119.

Laska, M. 1990. Olfactory sensitivity to food odor components
in the short-tailed fruit bat, Carollia perspicillata
(Phyllostomatidae, Chiroptera). J. Comp. Physiol. A 166:
395–399.
Liu, H.Q., J.K. Wei, B. Li, M.S. Wang, R.Q. Wu, J.D. Rizak, L. Zhong,
L. Wang, F.Q. Xu, Y.Y. Shen, X.T. Hu and Y.P. Zhang. 2015. Divergence of dim-light vision among bats (order: Chiroptera) as
estimated by molecular and electrophysiological methods. Sci.
Rep. 5: 11531.
Müller, B., M. Glosmann, L. Peichl, G.C. Knop, C. Hagemann and
J. Ammermuller. 2009. Bat eyes have ultraviolet-sensitive cone
photoreceptors. PLoS One 4: e6390.
Sikes, R.S., W.L. Gannon, Animal Care and Use Committee of the
American Society of Mammalogists. 2011. Guidelines of the
American Society of Mammalogists for the use of wild animals
in research. J. Mammal. 92: 235–253.
Sonntag, M., K. Mühldorfer, S. Speck, G. Wibbelt and A. Kurth.
2009. New adenovirus in bats, Germany. Emerg. Infect. Dis. 15:
2052–2055.
Spector, R.H. 1990. The pupils. In: (H.K. Walker, W.D. Hall and
J.W. Hurst, eds.) Clinical methods: the history, physical, and
laboratory examinations. Butterworths, Boston. pp. 300–304.
Straube, F.C. and G.V. Bianconi. 2002. Sobre a grandeza e a unidade
utilizada para estimar esforço de captura com utilização de
captura com utilização de redes de neblina. Chiropt. Neotrop.
8: 150–152.
Taylor, B., D. Skelly, L.K. Demarchis, M.D. Slade, D. Galusha and
P.M. Rabinowitz. 2005. Proximity to pollution sources and risk
of amphibian limb malformation. Environ. Health Perspect. 113:
1497–1501.

Brought to you by | provisional account
Unauthenticated
Download Date | 7/30/18 3:52 PM

