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Amphibious vision in Coryphoblennius galerita L. (Perciformes)
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Abstract. The morphology of the ophthalmic cornea in the blenniid fish Coryphoblennius galerita (Teleostet) shows
adaptation to the amphibious life. Amphibious vision is provided by a flattened area within the cornea. Eyes of other,
non-amphibious blenniids are compared with those of C. galerita.

Key words: Blenniidae; corneal anatomy; amphibious vision.

Coryphoblennius galerita is a small blenniid fish living on
rocky shores of the Mediterranean Sea and in the tidal
zone of the European Atlantic. It is known to live as a
semi-amphibious animal!. In the Mediterranean Sea it
inhabits the surf zone. In addition, nocturnal emersions
up to 50cm above the water level have been de-
scribed >3, and during the day the fish frequently moves
out of the water for a short time if it is disturbed from
below. Soljan ! also describes amphibious feeding behav-
ior. On the Atlantic coast of Brittany (F) C. galerita is
usually found in tidal rockpools during low tide. Breed-
ing males can be observed lying in narrow crevices fully
exposed to the air, others outlast the low tide among
boulders and gravels. Therefore C. galerita spends a sig-
nificant part of its life out of the water. The problem of
vision both underwater and in air gives rise to functional-
anatomical questions.

Morphological adaptations to amphibious vision in fish-
es are known in several groups of teleosts. Anableps, the
‘four-eyed fish’, uses an aspherical lens and two pupils
for amphibious vision. This division of the eye into two
functionally separated areas allows the fish to accommo-
date in water as well as in air*. In contrast, in other
groups it is the cornea that shows amphibious adapta-
tions. The amphibious clinids Dialommus fuscus® and
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Figure 1. The eyes of Lipophrys pavo, Parablennius rouxi, P. sanguinolen-
tus, P. zvonimiri and Pomatoschistus microps (left to right).

Mnierpes macrocephalus®, which inhabit tropical tidal
zones, have flattened corneas to reduce the refraction in
air. The Atlantic flying fish Cypselurus heterurus uses a
prism-like cornea’.

The present study investigated the eyes of the European
semi-amphibious blenny Coryphoblennius galerita.

Material and methods

Specimens of C. galerita were collected in Banyuls
(France, Mediterranean Sea) and Erquy (France, At-
lantic coast of Brittany) during March and September
1990. They were kept in Basel (Switzerland) in tidal
aquariums of 170 liters. Eyes were examined on living,
anesthetized (MS 222) animals using a stereo micro-
scope. Reconstructions and drawings were made by us-
ing a Wild/Leitz M5 stereo microscope equipped with a
drawing mirror.

Results and discussion

The cornea of C. galerita shows specializations
analogous to those of Mnierpes macrocephalus. The fron-
tal upper part of the cornea is strongly flattened; it lies in
the frontal part of the field of vision (figs 2, 3 and 4).
The dorsal view of the eye (figs 2 and 3) demonstrates the
shape most clearly: the rostral part of the cornea is flat
(arrows), whereas the caudal part shows a regular spher-
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Figure 2. The eye of C. galerita (dorso-caudal view, 50°).

Figure 3. C. galerita, dorsal view (90°).

Figure 4. Dorsal view of the head of C. galerita.

ical shape. The cornea conjunctiva is strong and relative-
ly thick. This could provide protection against desicca-
tion during the terrestrial sojourns of C. galerita®.

In general, the eyes of aquatic vertebrates differ strongly
from those of land-dwelling animals. In land-living verte-
brates the cornea is the main structure involved in refrac-
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tion. In the human eye, for example, the refractive power
of the cornea is up to 40—45 diopters®. This strong re-
fraction is the result of the spherical interface between air
and cornea with their strongly differing refractive in-
dices. The lens itself focuses with a refraction of an addi-
tional 13 diopters1°.

On the other hand the teleostean eye is characterized by
its rigid spherical lens, which cannot be deformed for
focusing. Focusing can usually only be carried out by
moving the lens along the optical axis of the eyeball.
Underwater, the refraction at the water-to-cornea inter-
face is almost neutralized by the absence of different
refractive indices.

Therefore the shape of the cornea plays only a minor role
in refraction in exclusively aquatic fish eyes. Its form is
mostly adapted to optimizing the hydrodynamics of the
fish. On the other hand, if the eye is exposed to air, the
curved shape of the cornea gives rise to a strong refrac-
tion and the fish becomes heavily myopic. The optical
error can reach more than 20-30 diopters . To avoid or
eliminate this effect, there are various possibilities: 1) The
lens is not spherical and/or is heavily deformable (in
seabirds we find the best accommodation for amphibious
vision, with an adjustment of up to 48 diopters11); 2) the
lens is extremely movable for accommodation, or 3) the
cornea is partially or fully flattened and therefore plays
no role in accommodation. Overlap of these mechanisms
may occur.

This last mechanism is found in C. galerita. A flat cornea
allows amphibious vision, because there is no refraction
at the air-cornea interface. The shape of the cornea does
not change, i.e. no alteration of the flattening was ob-
served, either in water or in air. Thus the flat zone has
no negative effect on the strong optical orientation of the
fish in water. In air, the visual faculties are retained
through a diminution of the myopy occurring in spheri-
cal corneas.

No flattened corneas were found in other, non-amphibi-
ous blennies or in the goby Pomatoschistus microps
(fig. 1), except for Lipophrys pholis 1. whose eyes show
an analogous morphology (study in process).

1 Soljan, T., Acta adriat. 2 (1932) 1.
2 Zander, C. D., Senck. marit. 15(1-3) (1983) 19.
3 Heymer, A., Rev. franc. aquariol. 9(3) (1982) 91.
4 Walls, G. L., The Vertebrate Eye and its Adaptive Radiation. Hafner
Publ. Co., New York/London 1963.
5 Munk, O., Vidensk. Meddr. dansk naturh. foren. 732 (1969) 7.
6 Graham, J. B., and Rosenblatt, R. H., Science 168 (1970) 586.
7 Baylor, E. R., Nature 214 (1967) 307.
8 Ehlers, C., Thesus, Universitit Hamburg 1978.
9 Grosvenor, T.P., Primary Care Optometry. Professional Press,
Chicago 1982.
10 Fernald, R. D., in: Sensory Biclogy of Aquatic Animals, p. 435. Ed.
J. Atema. Springer, New York/Berlin 1988.
11 Sivak, J. G., in: Sensory Biology of Aquatic Animals, p. 467. Ed. J.
Atema. Springer, New York/Berlin 1988.

0014-4754/92/030217-02%1.50 + 0.20/0
© Birkhduser Verlag Basel, 1992



