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Summary

The nasopharynx and eustachian tube (auditory tube) were
morphologically examined in the white rhinoceros. The narrow
nasopharynx cavity was enlarged dorsoventrally. The most lat-
eral part of both sides sharply rises in a dorsal direction and
the volume is estimated at 173 cc. The eustachian tube is 145 mm
in length from the auditory bulla to the nasopharynx. The
hyaline cartilage is well-developed in the middle region of the
eustachian tube wall. The results demonstrated that the white
rhinoceros does not have a guttural pouch. We suggest that the
occurrence of the guttural pouch may not be dependent on the
phylogenetic status of perissodactyls such as horse, donkey and
tapir.

Introduction

The eustachian tube (auditory tube) connects the pharynx with
middle ear to regulate the air pressure within the middle ear
region. It has been established that the domesticated horse
possesses the guttural pouch; a pair of symmetrical enlarged
diverticula of the eustachian tube in the dorsocaudal part of
nasopharynx (Bourdelle and Bressou, 1949; Ellenberger and
Baum, 1974; Sisson, 1975; Popesko, 1977; Dyce et al., 1987).
Some articles mentioned that the guttural pouch is equipped
not only in the horse but also in the other perissodactyls (Bour-
delle and Bressou, 1949; Fischer 1986; Lindsay and Clayton,
1986; Dyce et al., 1987). However, no reports have dealt with
the morphology of the eustachian tube and the nasopharynx
in the rhinoceros. Therefore, it remains unclear whether the
occurrence of guttural pouch is due to the phylogenetic status
of perissodactyls.

Materials and Methods

We were donated a carcass of a male white rhinoceros (Cer-
atotherium simum) which died of hepatorrhexis on 4th January,
1997 at Ueno Zoological Park (Tokyo, Japan). The animal was
estimated approximately 2300 kg in body weight and 31 years
of age. Fixation of the carcass in formalin was avoided, so that
the skeleton specimen could be well prepared. The head part
was separated from the body. Trachea and esophagus were
removed, then we approached the nasopharynx from the larynx
portion.

The carcass head was observed from caudal area at the
macroscopic level. In the rostral region of larynx, the dorsal
wall of the esophagus was partly removed. After the pharynx
shape was observed and the choana was filled, silicone rubber
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(Product No. TSE-350: specific gravity = 1.18 g/cc, Toshiba
Silicone Inc., Tokyo Japan) was injected from the larynx
portion. The silicone hardened within the nasopharynx cavity,
and it was taken out through the caudal hole. The silicone
replica was observed and the nasopharynx volume was esti-
mated from the replica weight and silicone specific gravity. The
nasopharynx wall of right side was cut out from the carcass
head, fixed in 10 % formalin and observed by the naked eye.
The tissues were sampled in the part of cartilage of the left
eustachian tube and immersed in Bouin’s fixative for 12 h at
room temperature, then dehydrated in ethanol, and cleared in
xylene. The specimens were embedded in paraffin and cut into
serial sections of 4 um. The sections were stained with hem-
atoxylin-eosin and examined by light microscopy. In the skull
specimen (Specimen No: M31319, stored in the Department
of Zoology, National Science Museum, Tokyo, Japan), the
auditory bulla and external ear region were observed.

Results

The nasopharynx cavity was laterally compressed at the caudal
area of the choana (Fig. 1). The choana was a vertical small,

Fig. 1. Silicone rubber replica of the nasopharynx cavity. Rostrolateral
view of left side. The cavity curves in the dorsal direction with sharp
and long edge in a sagittal plane (small arrow). In caudal area the
nasopharynx cavity is symmetrically enlarged in both sides (large
arrows). A choana from nasal cavity has been plugged up (N).
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Fig. 2. The nasopharynx cavity from caudal part. Dorsal direction at
the left. The pharyngeal opening of the left eustachian tube can be seen
in the nasopharynx wall (arrow).

Fig. 3. dorsal direction at the top. The left eustachian tube is longi-
tudinally dissected (small arrows). Cartilage is well-developed in the
tube wall. The tube ventrally descends from the tympanic cavity, and
reaches the pharyngeal opening (large arrow).

slit-like hole. The narrow nasopharynx cavity gradually curved
in the dorsal direction with a sharp and long edge in a sagittal
plane. In caudal space, the nasopharynx cavity was enlarged
dorsoventrally. The most lateral part of both sides sharply rose
in a dorsal direction (Fig. 1). The nasopharynx cavity volume
was estimated at 173 cc from the replica weight of 204.2 g.
The pharyngeal opening of the eustachian tube was discerned
in each side of rostroventral part in the nasopharynx wall (Fig.
2). The opening was 25 mm in dorsoventral length. The eus-
tachian tube cartilage was well-developed and could be palpated
from the nasopharynx wall (Fig. 3). The tube ventrally
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Fig. 4. The inner surface of the right side of the nasopharynx wall.
Dorsal direction at the top and rostral at the left. From the pharyngeal
opening (large arrow), the eustachian tube runs dorsally (smali arrows).
The levator veli palatine muscle (L) surrounds the pharyngeal opening
and the tensor veli palatine muscles (arrowheads) accompany the eus-
tachian tube.

descended from the tympanic cavity, curved slightly to the
caudal direction and reached the pharyngeal opening. It was
about 145 mm in length and 7 mm in diameter. The levator
veli palatine and tensor veli palatine muscles accompanied the
eustachian tube. The levator veli palatine muscle surrounded
the pharyngeal opening (Fig. 4). The tubal tonsil could not be
found around the opening. The eustachian tube was a simple
canal and did not possess the diverticulum, the guttural pouch,
around the nasopharynx.

The cartilage was well-developed in the middle region of
the eustachian tube wall (Fig. 5). It was composed of hyaline
cartilage and stained blue with hematoxylin-eosin (Fig. 6).
Many chondrocytes were discerned in the cartilage cavities.
Collagen and elastic fibres were not observed among cartilage
cavities. Thick collagen fibres were observed in both inner and
outer regions of the cartilage zone (Figs. 5 and 6). Some valve-
like structures contained collagen fibres and extends towards
the lumen (Fig. 5).

The auditory bulla was complicated in shape and extremely
small in size (Fig. 7). The cartilage part of the eustachian tube
connected with the bulla from the ventral pharynx area. The
small bulla was located medial to retroarticular and par-
acondylar processes. The external acoustic meatus was observed
between the retroarticular and mastoid processcs in the tem-
poral bone (Fig. 8).

Discussion

The guttural pouch has been morphologically detailed in the
horse (Bourdelle and Bressou, 1949; Way and Lee, 1965; Cook,
1966; Ellenberger and Baum, 1974; von Berg, 1974; Sisson,
1975; Popesko, 1977; Dyce et al., 1987). Lindsay and Clayton
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Fig. 5. The hyaline cartilage (H) is well-developed in the intermediate
region of the eustachian tube wall. Thick collagen fibres are observed
in the inner region of the cartilage zone (F). A Valve-like structure
(arrows) extends towards the lumen (L). Bar = 200 um.

Fig. 6. The hyaline cartilage (H) is well-developed in the intermediate
region of the eustachian tube wall. Many chondrocytes are discerned
in the cartilage cavities (arrows). F, collagen fibres. Bar = 100 pm.

(1986) dissected the guttural pouch in the domesticated donkey,
whereas Fischer (1986) described it in the tapir. From these
results, the well-developed guttural pouch has been suggested
to have a relation with the evolutionary status of perissodactyls.
It has been mentioned that the guttural pouch is equipped, not
only in the horse, but also in other perissodactyls (Bourdelle
and Bressou, 1949; Lindsay and Clayton, 1986; Dyce et al.,
1987), although they did not show any morphological data on
the rhinoceros. This study demonstrated that the white
rhinoceros, at lcast, does not have a guttural pouch. The cus-
tachian tube, consisting of a simple canal with cartilage wall,
does not form any enlarged space. We suggest that the occur-
rence of the guttural pouch may not be dependent on the phylo-
genetic factor of perissodactyls.

The silicone replica indicates that the nasopharynx cavity is
well-developed in a dorsoventral direction. It is not consistent
with the results in horse that the nasopharynx is enlarged in a
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Fig. 7. Skull in the ventral view. Rostral direction at the left. The
small auditory bulla (arrow) is located medial to retroarticular (R) and
paracondylar (P) processes. Z, zygomatic arch. O, occipital condyle.

Fig. 8. Skull in the left side view. Rostral direction at the left. The
external acoustic meatus (arrow) is observed between the retroarticular
(R) and mastoid (M) processes in the temporal bone.

rostrocaudal direction (Bourdelle and Bressou, 1949; Way and
Lee, 1965; Ellenberger and Baum, 1974; von Berg, 1974; Sisson,
1975; Popesko, 1977; Dyce et al., 1987). It is thought that the
dorsoventrally-developed nasopharynx may have an influence
on the respiratory function of rhinoceros.

The histological studies have been carried out in the eus-
tachian tube of various vertebrates (Sucheston and Cannon,
1971; Yang, 1985). Yang (1985) described the morphological
variation of tubc wall in some mammals. The most noteworthy
results in the white rhinoceros is the occurrence of the hyaline
cartilage in the wall. It does not agree with the results in the
horse that possessed well-developed elastic cartilage (Sucheston
and Cannon, 1971).

Acknowledgements

We thank Dr. Masaru Saito and the staff of Ueno Zoological
Park for the donation of the white rhinoceros specimen. We are



330

also grateful to Dr. Naoki Kohno (the Department of Paleon-
tology, National Science Museum), and to Dr. Futoshi Yazama
(the Department of Anatomy, Yokohama City University,
School of Medicine, Kanagawa, Japan) for their valuable assist-
ance in the osteology.

References

Bourdelle, E. and C. Bressou, 1949: In: Anatomie Régionale des Ani-
maux Domestiques, I. Equidés. (E. Bourdelle and C. Bressou, eds.),
Livre V, Paris: Bailliére., pp. 315-334.

Cook, W. R., 1966: Clinical observations on the anatomy and physi-
ology of the equine upper respiratory tract. Vet. Rec. 79, 440-446.
Dyce, K. M., W._ 0. Sack and C. J. G. Wensing, 1987: In: Textbook of
Veterinary Anatomy, Philadelphia: W. B. Saunders, pp. 462-487.
Ellenberger, W. and H. Baum, 1974: In: Handbuch der Vergleichenden

Anatomie der Haustiere. 18th ed. (Zietzschmann, O., E. Ackernecht
and H. Grau, eds.), Berlin: Springer Verlag, pp. 464469,
Fischer, M. S., 1986: Die Stellung der Schliefer (Hyracoidea) im phy-

H. EnDo et al.

logenetischen System der Eutheria. Cour. Forsch-Inst. Senckenberg
84, 1-132.

Lindsay, F. E. and H. M. Clayton, 1986: An anatomical and endoscopic
study of the nasopharynx and larynx of the donkey (Equus asinus).
J. Anat. 144, 122-132.

Popesko, P., 1977: Atlas of Topographical Anatomy of the Domestic
Animals, vol. 1, 2nd ed., Philadelphia: W. B. Saunders, pp. 129~130.

Sisson, S., 1975: In: Sisson and Grossman’s The Anatomy of the
Domestic Animals, vol. 1, 5th ed. (R. Getty ed.), Philadelphia: W.
B. Saunders, pp. 719-727.

Sucheston, M. E. and M. S. Cannon, 1971: Eustachian tube of several
mammalian species. Arch. Otolaryngol. 93, 58—64.

von Berg, R., 1974: In: Angewandte und Topographische Anatomie
der Haustiere. Stuttgart: Ferdinadenke, pp. 107-111.

Way, R. F. and D. G. Lee, 1965: The Anatomy of the Horse.
Philadelphia: Lippincott, pp. 14-15.

Yang, K., 1985: Comparative anatomy of the Eustachian tube in several
animal species. (in Japanese with English abstract). Oto. Rhino.
Laryngol. Clin. 78, 123-144,



