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The small Indian mongoose (Herpestes javanicus) is native to the Middle East, Iran
and much of southern Asia. For this study the middle ears of a total of 6 adult
small Indian mongooses, both fresh and museum samples were explored by using
of dissection and plain radiography. On the one hand, at least in some species of
the mongoose vocalisations and hearings play a critical role in coordinating behaviours. On the other hand, the ear region has provided useful character relevant
for mammalian phylogeny. So, the aim of the present study is a brief discussion of
the various anatomic particularities of the middle ear based on a combination of
existing data and the results of the authors’ study in the small Indian mongoose.
(Folia Morphol 2015; 73, 3: 340–345)
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INTRODUCTION

for the evaluation of these properties a detailed description of the middle ear constructive apparatus is
prerequisite. In the literature, no comprehensive publication regarding morphological description of the
middle ear in the small Indian mongoose is available
and in most publications only briefly hints exist. So,
the aim of the present study is a brief discussion of
the various anatomic particularities of the middle ear
in the small Indian mongoose.

The middle ear in mammals is an ear filled space
in a part of the temporal bone [6]. The structure
of the middle ear in domestic animals and several
laboratory species has been described in detail [2, 4,
12, 21]. However, in regards to the wildlife is poorly
understood. Obviously, knowledge of the comparative morphology of mammalian middle ear structures
may lead to new advances in the medical auditory
researches.
Mongooses are some of the smallest carnivores
that occupy a wide range of habitats, from deserts
to tropical forests, across their natural range in Africa
and Asia. Among them, the small Indian mongoose
(Herpestes javanicus) is native to the Middle East, Iran
and much of southern Asia [3]. At least in some species of the mongoose vocalisations and hearings play
a critical role in coordinating behaviours [17]. Hence,

MATERIALS AND METHODS
For this study the middle ears of a total of 6 adult
small Indian mongooses, both fresh and museum
samples were explored. The 2 fresh specimens in
terminal stages of disease and near death (severe
hypothermia; 36oC body temperature) were admitted
from the Park Zoo in Shiraz to our centre (Department
of Anatomy and Embryology, Shiraz University, Iran).
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Table 1. Dimensions of the small Indian mongoose auditory
ossicles. Data are presented as mean ± standard deviation (SD)
Ossicles

Parameters

Mean ± SD

Malleus

Total length

5.20 ± 0.15

Head length

1.36 ± 0.15

Head width

1.25 ± 0.04

Neck length

0.55 ± 0.11

Incus

Stapes

Manubrium length

3.42 ± 0.32

Total length

1.87 ± 0.13

Body length

1.08 ± 0.13

Body width

1.45 ± 0.04

Long crus length

1.26 ± 0.11

Short crus length

0.85 ± 0.01

Total height

1.4 ± 0.06

Head width

0.41 ± 0.11

Footplate width

0.92 ± 0.08

Figure 1. The tympanic membrane as viewed from the right ear
canal. Notice the manubrium (M) of the malleus, the stria mallearis
that seems straight. Also, the pars flaccida (Pf) is flat and pars
tensa (Pt) has been ruptured peripherally.

The animals for relief were euthanased with Ketamine
10% and Xylazine 2% and the heads of them fixed
in 10% phosphate buffered formaldehyde for at least 10 days. The other 4 samples were also provided
from the Shiraz Museum of Natural History, Iran. All
specimens were dissected under a binuclear stereomicroscope (Carl Zeiss, Made in Germany) and the
bony tympanic bullae carefully opened. Radiography
was performed using a conventional X-ray machine
(Philips), with the following details: 10 mAs, 45 kV,
100 cm focus film distance. The auditory ossicles after
detailed dissection were removed and measured with an
ocular micrometre, as well as the means and standard
deviations of measurements were recorded (Table 1).

Figure 2. Plain radiography of the head in slightly lateral oblique
view. The star («) shows the bullar cavity and the asterisk (*) depicts
the tympanic cavity. The white arrow shows the septum bulla.

RESULTS

firmly stuck to the manubrium and hardly isolated
(Fig. 1). When viewing the external aspect of the TM
due to semitransparency of its appearance, the handle
of the malleus, the stria mallearis, seemed straight
with no hook shape (Fig. 1).
As described for all other felids, the middle ear
space partitions by a complete bony septum into two
separate compartments: the dorsolateral tympanic
cavity and the ventromedial bullar cavity. The larger
compartment, i.e., bullar cavity is lying ventral, medial and caudal to the smaller one. The connection
between the two regions is possible only through
a narrow foramen between the septum and the petrous
bone (Figs. 2, 3). The promontory of the petrous bone
embedding the cochlea is located on the medial wall

The anatomic description which follows is based
on a combination of existing data and the results of
the authors’ study.
Two sections of the tympanic membrane (TM)
were routinely determined, the smaller dorsal pars
flaccida forming the upper quadrant of the TM and
the larger pars tensa. In the small Indian mongoose,
the pars flaccida resemble the cat and most dogs
was flat (Fig. 1). The central area of the pars tensa was
attached to the lateral surface of the manubrium of
the malleus and the periphery was anchored to the
medial wall of the external acoustic meatus.
During dissection, rupture of the TM in all specimens occurred radially and the central portion was
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Figure 3. Caudodorsal aspect of the right bulla. The bulla has been
opened and the margin of the complete septum (S) is arrowed. Notice the part of promontory (P) that is seen through the connecting
foramen from the bullar cavity (B). The asterisk (*) depicts a bony
cresset is hanging from the dorsolateral aspect of the bullar
cavity; R — round window.

Figure 5. Ventrolateral view of the right tympanic cavity depicting;
E — ear canal; Eu — Eustachian tube; M — manubrium; Rp —
rostral process; C — chorda tympani; Cc — conical cartilage;
T — tensor tympani; P — promontory; R — round window;
V — oval window; S — stapes.

nubrium (Fig. 4). The other ostium is related to the
caudal extremity of the auditory tube that is at the
rostral portion of the tympanic cavity (Fig. 5).
In the small Indian mongoose such as all mammals
there are 3 ossicles of the middle ear, named respectively the malleous, incus, and stapes. The malleus
is the largest bone of the auditory ossicles with the
average length 2.85 mm. It is attached to the TM via
the stria mallearis, the ectotympanic via the spine
(the distal tip) of the tympanic plate of the rostral
process, and the incus by the head. In contrast to
the well-developed head, the osseous lamina is very
delicate and can break during removal of the ossicle
(Fig. 6). From the anteroventral termination of the
osseous lamina a thickened ventral margin projects
as the rostral process; also, the tympanic plate as
a pendent from the latter process is flattened onto the
overlying squamosal and mediolaterally expanded.
The muscular process does not arise from the neck
close to the base of the manubrium as in the other
carnivores, but from the inner edge of the manubrium itself (Fig. 7). The most dorsal attachment of
the manubrium to the TM, opposite the muscular
process, at a right angle with the rostral process is
the lateral process. One of the outstanding features
in the malleus is existence of a transverse bonny channel slightly above the root of the muscular process

Figure 4. Lateral aspect of the right tympanic cavity showing promontory (P); R — round window; V — oval window; asterisk (*)
bonny tunnel for tensor tympani muscle.

of the tympanic cavity, medial to the epitympanic
recess. Some bony cressets are also hanging from the
dorsolateral aspect of the bullar cavity. Two foramens,
i.e., the cochlear (round) window and vestibular (oval)
window are located on the caudolateral portion and
on the dorsolateral surface of the promontory, respectively. The opening of a bony tunnel is rostral
and slightly ventral to the oval window from which
the tensor tympani muscle projects to the tympanic
cavity and inserts on a muscular process of the ma-
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a ligament to a fossa (fossa incudis) on the posterior
wall of the mastoid part of the bulla, while the long
crus by its lenticular process articulates with the stapedial head to form a true synovial joint. Our findings
at least based on macroscopic observation show that
the lenticular process is a distinct and separate ossicle (Fig. 6). Hence, it can be named lenticular bone.
The incus measuring about 1.87 mm long by 1.45 mm
high is suspended between the malleus and the
stapes. The stapes has a head, a neck, 2 crura and
a footplate. The mean stapes height is 1.4 mm. The
stapes footplate is attached to the cartilaginous rim
of the oval window by an annular ligament. In most
specimens, due to the firmness of this articulation,
the footplate remained in the oval window and was
difficult to segregate. The inner sides of the crura are
vacated and the rostral crus is slightly longer than
the caudal one.
The chorda tympani after branching from the
facial nerve, passes medially and rostrally ventral
to the conical cartilage. Afterward it runs through
a bony mallear channel (foramen for chorda tympani), immediately above the muscular process of the
malleus. Thereupon, the chorda tympani nerve in the
small Indian mongoose has an epitenseric pattern
(Fig. 7). Should be noted the conical cartilage is
a structure that compressed dorsoventrally with its
base situated on the dorsocaudal portion of the tympanic bone close to the TM and its apex extended
toward the muscular process of the malleus.

Figure 6. The malleus and incus of the right ear in medial view. The
malleus and incus are articulated to form the incudomallearis joint
(Im); M — manubrium; Mh — mallear head; Mn — mallear neck;
Ol — osseous lamina; Rp — rostral process; Fct — foramen for
chorda tympani; Lp — lenticular process or bone; Sc — short crus
of the incus.

DISCUSSION
In Felidae, Herpestidae and Viverridae a bony
septum runs more or less at right angles to the
lower wall of the auditory bulla and dividing it into
2 cavities that are coupled through a small opening
[26]. One has therefore merely to cut through the
lower wall in order to see the septum or, indeed, it
can usually be seen through the external acoustic
meatus or felt by inserting a probe. In the domestic
dog, the bulla septum is a small, incomplete ridge
that only makes contact with the petrous portion
of the temporal bone rostrally and often has tiny,
elongate bony spicules with bulbous ends [7, 18].
The function of the septum bulla has not been investigated in carnivores.
Despite our increasing understanding of the tympanic plate of the mallear rostral process in carnivores,
many comparative anatomical textbooks still describe
a short rostral process which is not coupled to the

Figure 7. Ventrolateral view of the right tympanic cavity with
higher magnification. The arrowhead shows the foramen for chorda
tympani through which the chorda tympani (C) traverses; Lp —
lateral process; M — manubrium; T — tensor tympani muscle.

through which the chorda tympani traverses. The
bonny mallear channel (foramen for chorda tympani)
was observed in all specimens (Fig. 6). The dorsal
part of the manubrium is triangular in cross section,
but ventrally the medial side gradually disappears.
As already mentioned, the malleus handle is much
more straightened and form with the neck an obtuse
angle. The centre of the manubrium is not also solid
and has a channel throughout its entire length. The
incus displays 2 crura: the short crus is attached by
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sufficient evidence regarding the lenticular process of
other species has not been presented. In this regard,
more detailed descriptions of the lenticular process
by Hyrtl [14], Doran [5], and Henson [13] have been
conducted. Hyrtl [14] treated this process as a dependent ossicle and an apophysis of the lung process of
the incus in all animals. Doran [5] referred to it as an
apophysis, or perhaps epiphysis, of the incus, and cited the beautiful description by Eysell [8]. Henson [13]
described middle ear structures in 3 insectivores
and 8 bats; his overall description of the lenticular
process was ”a small cartilaginous disk mounted on
an osseous pedicle”.
The conical cartilage has been described only in
domestic cats. As mentioned above, a similar structure was found in the middle ear of the 2 fresh
specimens. It is known that this structure lies across
the opening between the auditory bulla and middle
ear proper and divides the opening into a dorsal and
ventral portion. Its apex rests on the promontory
ventral to the oval window and rostral to the round
window niche [15]. However, in contrast to the cat,
we noticed that the apex of the conical cartilage was
away from the promontory and directed toward the
muscular process of malleus. In the cat’s middle ear,
this conical structure was detected the first by Davey [4].
He suggested that its embryonic origin might be from
the second arch bar (Reichert’s cartilage).
In the point of view of mammalian phylogeny,
the spatial relationship of the chorda tympani to the
tensor tympani muscle in the middle ear of carnivores
can be helpful. Regarding the course of the chorda
tympani, there are two different patterns in general:
a hypotensoric pattern with the nerve running below
the insertion tendon of the tensor tympani muscle,
and an epitensoric pattern with the nerve running
above the tendon [20]. In almost all mammals the
chorda tympani passes underneath the tendinous
insertion of the tensor tympani muscle at the malleus
[11, 16, 19]. However, in some rodents and primates,
the course of the chorda tympani shows a derived
condition [9, 11, 16, 19]. To resolve problems of phylogenetic systematic of carnivores, some authors have
investigated the middle ear of different species of
carnivores only histologically [1, 16, 19, 20]. In accordance with these studies, the canids, ursids, phocids,
ailurids, mustelids, felids, nandiniids, euplerids, and
viverrids showed the hypotensoric state. In contrast,
the epitensoric condition observed in M. mungo,
S. suricatta, H. javanicus, and G. sanguine [1, 20].

Figure 8. Left basicranium in ventral view depicting the fused spine
of the tympanic plate of the mallear rostral process (arrow);
Of — oval foramen; Gf — glenoid fossa.

ectotympanic [10, 22]. Wible and Spaulding [23]
presented a comparative morphological study on
the malleus of 15 stock families of carnivores. They
suggested that a long tympanic plate of the rostral
process is anchored to the ectotympanic in a disparate
classification of juvenile and adult carnivores, and,
with aging, the fate of the tympanic plate is sutural
fusion to the auditory bulla (Fig. 6). According to
opinion of Henson [13] the rostral process has composed of 3 principal parts: the osseous lamina, the pars
processus anterioris, and the tympanic plate. In our
samples due to aging the tympanic plate was fused
to the auditory bulla and the spine of the tympanic
plate is set off by sutures from the ectotympanic on
the anterior face of the bulla (Fig. 8).
As the lenticular process is a superfine and has
a weak bond with the long crus of incus, some authors
therefore consider the lenticular process as a separate
bone [e.g., 24, 25]. However, Eysell [8] based on
a histological section showed that a continuous bony
connection exists between the lenticular process and
long crus of the incus. In contrast to human anatomy,
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According to the above description, the study confirmed the epitensoric state of the chorda tympani at
least in the small Indian mongoose morphologically.
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CONCLUSIONS
In conclusion, the results in this study suggest
that the anatomy of middle ear in the small Indian
mongoose could be extended rather simply for entire
family Herpestidae.
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