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Abstract

Pentalagus furnessi (Amami rabbit) is an endemic rabbit only reside in the southern districts of Japan, and designated as a
special natural monument in Japan. While conserving those animals is necessary, basic knowledge regarding their unique
features remains unknown. In this study, we analyzed morphological and histological characteristics of the eyes which
were obtained from an Amami rabbit died accidentally by a traffic accident. In the Amami rabbit, not tapetum-like
structures but both pigmented and non-pigmented areas were observed. In addition, the non-pigmented area was much
larger in the Amami rabbit compared to that in the laboratory rabbits (Oryctolagus cuniculus). In the histological analysis,
layers of retina were corresponded to the standard vertebrate arrangement, though the sizes of cell nuclei in both the
inner and outer granular layers were larger in the Amami rabbit compared to laboratory rabbits. While characteristics of
eyes are highly conserved in the family Leporidae, smaller pigmented area in Amami rabbits may reflect the natural
selection resulting from their nocturnal lifestyle. Understanding their characteristics further is necessary for conserving

the unique and endangered hare in Japan.
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Abbreviations: ONF: Ocular Nerve Fiber Layer; IP:
Inner Plexiform Layer; IG: Inner Granular Layer; OP:
Outer Plexiform Layer; OG: Outer Granular Layer; PL:
Pigmented Layer.

Introduction

Pentalagus furnessi, also known as Amami rabbit, is a
primitive and endemic rabbit, which is currently found
only on two small islands in the southern districts of
Japan: Amami Oshima and Tokuno-Shima islands [1]. The
morphological features of the animal are different from
those of common rabbits and hares; the ears and eyes are
smaller, and their forelimb claws that they use to dig
holes are larger (Figure 1a) [2,3]. Because the numbers of
the animal are limited, they are designated as a special
natural monument, and included as an endangered
species (IB) in the Red Data List of the Environment
Agency, Japan [4]. While their conservation is urgently
required, basic information regarding their unique
physiological and anatomical features as well as
behaviors has remained unclear.

The main cause of death for these animals has been
reported to be attacks by predators such as crotalid
snakes, mongooses, feral dogs, and cats. In addition, traffic
accidents, probably related to their nocturnal behavior,
are attributed to the death of these animals [5,6]. In
typical rabbit species, such as Oryctolagus cuniculus, the
tapetum lucidum that plays an important role in light
sensing in dark environments is absent [7]. Therefore, to
verify whether the retinal structure in the Pentalagus
furnessi is adapted for dim-light vision, we aimed to
investigate the morphology of the eye, especially focusing
on the gross and microscopic characters of the retina.

Materials and Methods

Study Species

Because Amami rabbits are designated as a special
natural monument, we obtained the approval from the
Environment Agency of Japan to collect eye samples.
From a male Amami rabbit (presumably young adult) that
accidentally died due to a traffic accident, we isolated eye
balls and processed samples for histological analysis. The
eyes isolated from laboratory rabbits (the Oryctolagus
cuniculus; New Zealand White and Dutch rabbit) were
purchased from Oriental Yeast Co., Ltd. (Tokyo, Japan).
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Histological Analysis

The eyes were fixed in Davidson’s solution (30% of a
37-40% solution of formaldehyde, 35% ethanol, 10%
glacial acetic acid, and distilled water) overnight at 4°C,
and then a horizontal incision was made to open the eye.
The hematoxylin-eosin staining procedures were
performed as described previously [8]. Photographs were
taken using a BZ-9000 microscope (Keyence Corporation,
Osaka, Japan).

Results and Discussion

Eyes from the Amami rabbit were enucleated from the
animal four days after the accident. The retina was
detached from the choroid, and both pigmented and non-
pigmented areas were obvious, but no tapetum-like
structure was observed (Figure 1b). Compared to the eyes
from the Dutch and New Zealand White rabbit (Figures 1c
and 1d), the non-pigmented area where capillaries were
obvious was much larger in Pentalagus furnessi. Since the
pigmented area plays a role in the shading of light, our
observation suggests that this enlarged pigmented area is
an adaptation of Amami rabbits that allows them to be
active during dusk time in that environment. Horizontally
running optic fibers are clearly recognized in Dutch
rabbits, but not in Amami rabbits. Although it is difficult
to understand the visual ability of Amami rabbits, the
morphological differences observed in the study may be
involved in the functional adaptation of their eyes to their
unique lifestyle.

Next, histological analysis was performed. Layers of the
retina, consisting of three neuronal cell layers (outer and
inner granular layers and ganglion cell layer), inner
segments, and a retinal pigment epithelial layer
corresponding, in principle, to the standard vertebrate
arrangement, were observed (Figures 1a and 2a). These
retinal layers showed similar microscopic features in
Pentalagus furnessi and the Dutch and New Zealand White
rabbits (Figures 2b and c). Although the most retina was
artificially detached from choroid in most area (Figures
23, left), the retinal structure from outer granular layer to
the pigmented area was also similar to that of the Dutch
rabbits (Figures 2a, right). The sizes of cell nuclei in the
inner and outer granular layers of the Pentalagus furnessi
were larger than that of the Oryctolagus cuniculus,
suggesting the possibility of functional differences
between the eyes of the Pentalagus furnessi and those of
laboratory rabbits.
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(d) Oryctolagus cuniculus (New Zealand White)
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Figure 1a: Original photograph of a live Amami rabbit. Note that they have small ears and eyes. b-d:
Anterior portion of the coronally sectioned eye of b. Amami rabbit, c: Dutch rabbit, and d: New Zealand
White rabbit. Photographs with or without retina are shown separately. Scale Bar, 5mm.
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Our results indicate that the morphological and
histological characteristics of eyes are conserved in the
family Leporidae. Since the significance of tapetum-free
anatomical features in rabbits is probably related to their
crepuscular habituation, it is possible that Pentalagus
furnessi may have originally behaved like other rabbits.

However, severe alteration of their living environments,
including land development might force them to be active
only at night. For activity in dim or dark environments,
Amami rabbits with a small pigmented area in the retina
may be naturally selected, evolving to form a species with
nocturnal activity.

(@) Pentalagus furnessi

(c) Oryctolagus cuniculus
(New Zealand White)
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pigmented layer.

Figure 2: Histological section of the retina of a: Amami rabbit, b: Dutch rabbit, and c: New Zealand White rabbit.
Because most retina was detached in the section of Amami rabbit (left), small area that can observe outer granular
layer and pigmented layer was also shown (right). Scale Bar, 50um. ONF, ocular nerve fiber layer; G, ganglion cell
layer; IP, inner plexiform layer; IG, inner granular layer; OP, outer plexiform layer; OG, outer granular layer; PL,

Conclusion

Morphological and histological characteristics of the
eyes obtained from the Amami rabbit were highly
conserved in the family Leporidae, lacking tapetum-like
structures while the non-pigmented area was much larger
in the Amami rabbit. Pentalagus furnessi in Amami
Oshima and Tokuno-Shima islands are very unique wild
rabbits, and they require intensive care for further
conservation as a world treasure.
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