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Abstract

Background The Malayan tapir (7apirus indicus) is a notable herbivorous mammal found in Southeast Asia,
recognized for its distinctive proboscis and coloration, along with its vital ecological role. According to the
IUCN, this species is classified as a threatened species.

Objective: This study aimed to investigate the morphology of the skull of Malayan tapir, which is associated
with feeding behavior.

Methods This study employed a descriptive method, comparing a skull specimen of a Malayan tapir to those
of horses (Equus sp.). References regarding skull morphology and behavioral video of Brazilian tapirs (7. ter-
restris) were used for additional comparisons.

Results Tapir had a relatively rounder-shaped skull, shorter and thicker os nasale, deeper fossa masseterica,
and wider apertura cavum nasithan the horse. The tapir skull specimen displayed an open eye socket, whereas
the horse skull displayed a closed eye socket. Morphological observations of the tapir's behavioral videos
showed that tapirs exhibited orthal masticatory movement, driven by brachydont teeth with bilophodont char-
acteristics, which were very different from horses' hypsodont teeth, designed for lateral movement. The pro-
boscis of the tapir is unique and has a more muscular structure than that of horses, including the nasal bones,
which are shorter and thicker.

Conclusion These morphological differences influenced the feeding behavior and nocturnal activity of tapir
species. This study contributes to broader conservation efforts aimed at conserving tapir populations and their
habitats.
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Introduction

Tapir, also called Malayan tapir (7apirus indicus), is a no-
table large herbivorous mammal that resides in densely for-
ested areas and verdant jungles in Southeast Asia. The Ma-
layan Tapir is a member of the Tapiridae family, which is clas-
sified within the order Perissodactyla, a taxonomic group
consisting of ungulates with an odd number of toes. The tax-
onomic family Tapiridae consists of four currently existing
species, including the Brazilian tapir, mountain tapir, and
Baird’s tapir, which can only be found in the South American
region, with the Malayan tapir in the Southeast region. Tapirs
have been positioned as an old lineage within the mam-ma-
lian group through molecular phylogenetic investigations,

with their evolutionary origins dating back to the early Eo-
cene period (Cozzuol et al, 2013).

Malayan tapirs can be readily distinguished based on their
distinctive coloration patterns. Pigmentation exhibits a dis-
tinct boundary, characterized by a white marking that origi-
nates posterior to the forelimbs and extends dorsally along
the vertebral column to the caudal region. The distinctive
black and white coloration of the tapir effectively blends the
animal into its surrounding habitat (Figure 1). The measure-
ments of head and body length spans range from 1.8 to 2.5
meters, while the height ranges from 0.9 to 1.1 meters. In ad-
dition, the weights can vary between 250 kg and 540 kg
(Khan, 1997). They also have the longest proboscis among all
tapir species (Witmer et al, 1999).
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Fi.gure 1 External characteristic of tapir (7apirus indicus) (Natural-
istchu, 2024).

The current distribution of tapir species exhibits disconti-
nuity due to historical environmental changes and the sub
sequent migration events of their predecessors. The dynamic
nature of tapir distribution is a crucial aspect to consider
when formulating management strategies and conservation
plans (Garcia et al, 2012). Tapirs encounter a range of chal-
lenges that pose danger to their cultural and ecological im-
portance. These challenges encompass habitat degradation
resulting from deforestation, illegal hunting activities, and
the incidence of roadkill (Mahathir et al, 2019). According to
the International Union for Conservation of Nature (IUCN),
the classification of these organisms is endangered, under-
scoring the pressing necessity for conservation endeavors
aimed at protecting their continued existence (Traeholt et al,
2016).

Tapir has garnered significant scholarly attention owing
to its pivotal role in forest ecosystems and its designation as
an endangered species. The aforementioned species is a cru-
cial component of local biodiversity, as it plays a pivotal role
in the dispersion of seeds and preservation of the overall
well-being of its ecosystem. The morphological characteris-
tics of Malayan tapir (7. indicus) have not been widely stud-
ied. However, understanding the skull morphology of this an-
imal is crucial for supporting conservation efforts. In verte-
brates, the skull is a bony structure that forms the upper part
of the head. It is composed of several bones that fuse during
development to form a single rigid structure. The skull pro-
tects the brain and sensory organs, and plays a crucial role in
the development and function of these organs.

This study aimed to investigate the morphological char-
acteristics of the skull of the Malayan tapir, which are associ-
ated with feeding behaviors, and their nocturnal activities,
while comparing them with the skull of a horse (Equus sp.)
and the Brazilian tapir (7. terrestris). This research provides
additional information regarding the tapir skull as a reference
for studying tapir physiology and behavior in ex situ and in
situ conservation efforts for this animal.

Methods

Skull specimens

A specimen collection of a Malayan tapir's skull at the La-
boratory of Anatomy, [delete temporary by editor for double
anonymous review] was used in the present study. The mate-
rials used for this research were skulls of Malayan tapir. Horse
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skull specimens from the laboratory collection were used for
comparison, in addition to the literature, particularly for the
Brazilian tapir. Horse specimens were used in this study be-
cause of their close phylogenetic relationship within the or-
der Perissodactyla. This descriptive study examined the mor-
phology of the skull of Malayan tapir, Brazilian tapir, and
horse anatomy. This research was carried out from January to
April 2024 at the Laboratory of Anatomy, [delete temporary
by editor for double anonymous review]. In the present study,
we did not seek ethical approval for the research since the
cranial specimens were obtained from a scientific collection
and no individuals were harmed.

Specimen observation

The Malayan tapir skull specimen was observed and pho-
tographed from lateral, dorsal, ventral, and caudal views, in-
cluding the mandible. The pictures were then uploaded to
Adobe Photoshop, and the processed images were labeled
and named. The pictures were compared and discussed. In
addition to the Malayan tapir and horse skull specimens, lit-
erature reviews for Brazilian tapirs and horses, as well as vid-
eos regarding Brazilian tapirs, Malayan tapirs, and horses,
were used in this study.

Data analysis

Skull images were processed using Adobe Photoshop
2021 software. Parts of the skull were identified using an atlas
(Nurhidayat et al, 2016) and names based on the Nomina
Anatomica Veterinaria (ICVGAN, 2017). These were then de-
scribed and compared with those of horses and Brazilian ta-
pirs based on anatomical characteristics and their feeding be-
havior.

Results

The facial bones (ossa facie)) observed in the present
study were the maxilla, os incisivum, os palatinum, os ptery-
goldus, os nasale, os lacrimale, os zygomaticum, os conchae
nasalis ventralis, vomer, mandibula, and os hyoideum.
Among these, the last three bones were single, whereas the
others were paired. In comparison, the skull of the Malayan
tapir was barrel-shaped, whereas the skull of the horse was
tapered. The os nasale in tapir was shorter than that in horses,
making the cavum nasi wider. Tapir also tends to have a
deeper fossa masseterica than horses. Tapir had an open or-
bit (eye socket) because of the lack of arcus zygomaticus. The
dentition morphology of the tapir was different in that the
upper incisor teeth were interlocked with the lower incisor,
and their premolars had transverse ridges (Figure 2).

The dorsal part of the skull is formed by the squamous
part of the os occipitale, os interparietale, os parietale, os na-
sale, os frontale, and os incisivum. It may be divided into pa-
rietale, frontale, nasale, and incisivum regions (Figure 3).

Os nasale of the tapir was thicker and shorter than that of
the horses. The arcus zygomaticus was different, and the or-
bita did not have processus zygomaticus of os frontale like a
horse, making it an open-eye socket. Tapir had four upper
premolars, while the horse had three upper premolars. The
lateral part of the skull may be divided into cranial, orbital,
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Skull anatomy of Malayan tapir

Figure 2 External appearance of the Malayan tapir (left) and horse (right) skulls. Scale bar: 5 cm. A. Os nasale; B. Fossa masseterica, C. Orbita,

D. Dentes.

and maxillary regions (Figure 3).

The ventral view of the skull, exclusive of the mandibula,
consists of cranialis, choanae, and palatinum regions. The oc-
cipital surface is formed by the occipital bone (Figure 4). The
mandibula or lower jaw is the largest bone of the face. It car-
ries the lower teeth and is articulated by the condyles of os
temporale on both sides. Mandibula consisted of three
dentes incisivi, two dentes canini, three dentes premolares
and three dentes molares (Figure 5).

Figure 3 Malayan tapir skull in the (a) dorsal and (b) lateral view. A.
Os incisivum; B. Maxilla, C. Os nasale, D. Os frontale E. Os parietale;
F. Os lacrimale; G. Os occipitale H. Os temporale’|. Os zygomaticum.
1. Arcus zygomaticus, 2. Fossa temporalis, 3. Foramen infraorbitals,
4. Dentes incisivi; 5. Dentes canini 6. Dentes premolares, 7. Dentes
molares, 8. Processus temporalis (os zygomaticum); 9. Processus zy-
gomaticum (os temporalis), 10. Margo interalveolaris (diastema), 11.
Incisura nasoincisiva; 12. Crista nuchae’ 13. Processus jugularis;14.
Orbita; 15. Crista facialis 16. Crista sagittalis; Scale bar: 5 cm.

Based on our observations of the behavioral videos on the
chewing process between both Malayan and Brazilian tapirs
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and horses, the tapirs’ chewing motion is primarily orthal,
with little to no lateral movement. As opposed to the horse
chewing motion, the mastication movement of the horse is
mostly lateral, which is characterized by a side-to-side or
grinding motion. Obtaining a more comprehensive picture of
tapirs from the frontal perspective is challenging because of
the presence of their proboscis, which might hinder the ac-
curate assessment of their chewing movement.

Discussion

Chewing, also known as the mastication process, is
caused by different teeth morphology, and possibly due to
the shape of the skull and jaw itself from their diet. The tooth
morphology and wear patterns observed in these animals in-
dicated a distinction in their chewing methods. Tapirs, known
for their orthal chewing style, where the jaw primarily moves
up and down, exhibit distinct dental characteristics that cor-
respond to this chewing action, including a uniform wear pat-
tern on their teeth resulting from limited sideways move-
ments. Tapirs possess brachydont teeth with bilophodont
characteristics featuring two transverse ridges or crests. This
is in contrast to selenodont teeth found in most ungulates
(Ryder, 1879). In addition, tapirs exhibit a restricted lateral
chewing action. The mediolateral alignment of the lophs on
the cheek teeth of tapirs suggests that they would likely ex-
hibit chewing movements that are oriented towards the front
and back (propalinal) rather than side-to-side (lateral) (Hohl
et al, 2020). Horses have hypsodont teeth, which means that
they have high crowns, which erupt over the year due to their
fibrous diet. They use their front incisors to grasp food and
use their premolars and molars to grind food because of the
rough occlusal surface of these teeth, which facilitates the
grinding process (Dixon and Du Toit, 2010).

Obtaining a clear view of tapirs from the front perspective
can be difficult because of their proboscis, which may ob-
struct accurate assessment of their chewing movement.
When observed from the side, tapirs noticeably bulge their
cheeks during chewing, which can create the impression that
the process occurs laterally. However, when viewed from the
front, cheek bulging appeared symmetrical on both sides,
and there was no visible movement of the lower jaw. This ob-
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Figure 4 Malayan tapir skull in the (a) ventral and (b) caudal view. A. Os incisivum; B. Maxilla, C. Os palatinum;, D. Os occipitale; E. Vomer;
F. Os sphenoidale; G. Ostemporale; 1. Dentes incisivi 2. Dentes canini 3. Dentes premolares, 4. Dentes molares, 5. Foramen palatinum
minoris; 6. Foramen palatinum majus, 7. Processus zygomaticus, 8. Foramen magnum;, 9. Condylus occipitalis, 10. Processus jugularis, 11.
Crista nuchae, 12. Crista occipitalis externa, 13. Protuberantiaoccipitalis externa; 14. Processus retroarticularis; 15. Crista facialis; Scale bar: 5cm.

servation aligns with that of Hohl et a/ (2020). According to
Holh et al. (2020), in species that exhibit a distinct sideways
chewing action, such as horses, the lower jaw can be adjusted
to move laterally, allowing the entire row of cheek teeth to
come into contact while chewing. Another characteristic of
tapir teeth is the noticeable interlocking of the third upper
incisor with the third lower incisor and lower canine (Figure
2) when they come together, which indicates that there is not
much sideways movement. Furthermore, the tapir has a
chisel-shaped first and second incisors and a third upper in-
cisor shaped like a canine tooth (caniniform). This sharp tooth
helps the tapirs crush hard food and defend themselves.
The crista sagittalis of Malayan tapir and Brazilian tapir are
visibly different in terms of height, although variations could
occur. According to Van Valkenburgh (2007), a wide crista
sagittalis makes it possible to increase the attachment area
of the m. temporalis, which is one of the primary adductors
of the jaw. Benefits from prominent crista sagittalis, such as
those found in Brazilian tapir, may be associated with higher
m. temporalisvolume, which permits longer mastication ben-
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efits, especially when eating tough food items with lower nu-
tritional value (De Santis et al, 2020). Nett et al (2021) stated
that tapirids such as llamas may have had their crista sagit-
talis height influenced by their diet. A tough, folivorous diet
would have required tapirids to have large crista sagittalis
and strong m. temporalis with long fibers for extended chew-
ing (such as Brazilian tapir) rather than relying on high bite
forces to crush hard-shelled seeds (such as Malayan tapir)
(Dumba et al, 2018; Campos-Arceiz et al, 2012). Horses pos-
sess crista sagittalis due to their diet of eating a tough diet,
such as hays and grasses. The m. temporalis works in con-
junction with the m. masseter for mastication.

Other differences between tapirs and horses are that the
depression of fossa masseterica in tapirs is greater than that
of horses and shorter processus condylaris. Fossa masseterica
serves as an attachment to the m. masseter. However, pro-
cessus condlylaris enables the jaw to open and close like a
hinge. Deep fossa masseterica has been suggested to be as-
sociated with a hard diet in animals. In general, animals with
stronger jaws tend to have deeper fossa masseterica. It was
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Figure 5 Mandibula of the Malayan tapir in (a) lateral and (b) dorsal view. 1. Dentes incisivi 2. Dentes canini; 3. Dentes premolares, 4. Dentes
molares; 5. Margo interalveolaris (diastema); 6. Foramen mentalis, 7. Corpus mandibulae, 8. Fossa masseterica, 9. Angulus mandibulae; 10.
Caput mandibulae; 11. Processus coronoideus, 12. Incisura mandibulae. Scale bar: 5cm.

observed that the fossa masseterica in the Malayan tapir is
deeper and wider than that in the Brazilian tapir, as it is sug-
gested that the Malayan tapir eats harder food than the Bra-
zilian tapir.

Tapirs and horses have substantial variance in their os na-
sale. Tapirs possess an os nasale that is much more intricate
than that of horses. Os nasale of the tapir is shorter than that
of the horse because it is connected to the proboscis. Ra-
dinsky (1965) stated that in evolutionary terms, the presence
of a proboscis has been associated with changes in three key
skull characteristics: (1) enlargement of the nasal incision, re-
sulting in the formation of the meatal diverticulum ( Wall
(1980) as a necessary condition for the development of a mo-
bile proboscis); (2) disappearance of the nasal process of the
os incisivum and its connection with the os nasale (i.e., the
sutura naso-incisiva is absent); and (3) reduction in the length
of the os nasale. These characteristics are found in tapirs, and
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are part of what sets tapirs apart from other perissodactyls
and most other living ungulates.

The proboscis of the tapirs is a flexible and fleshy append-
age that originates from the tissues of the upper lip and nose.
The structure has a tube-like shape that extends from a place
behind and below the eye to a position in front of the upper
jaw and hangs down below the lower lip. The paired nasal
alrways transverse the proboscis, starting at the nostrils lo-
cated at the tip, and entering the nasal cavity at the level of
the os nasale. The left and right sides of the airways remain
distinct throughout their entire journey, separated by septal
cartilage, which extends caudally and laterally (Witmer et al,
1999). The length of the proboscis differed to some extent
among the four existing species of 7apirus, with the Malayan
tapir having the longest proboscis and the Brazilian tapir hav-
ing the shortest. Witmer et al (1999) reported that these dif-
ferences could be observed in craniofacial osteology. For in-
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stance, the cavum nasi of the Malayan tapir is significantly
more arched than that of the Brazilian tapir, and the os inci-
sivum is more rounded at the front of the former species. Ac-
cording to Clifford and Witmer (2004), the more arched
cavum nasi in the Malayan tapir may be related to the need
for a more extensive and flexible proboscis to reach and
grasp foliage in its Southeast Asian habitat. This shape could
also be an adaptation to navigate dense vegetation and ac-
cess food sources that are not easily accessible to Brazilian
tapirs.

The morphology of the snout region of horses is similar
to that of other large ungulates but distinctively different
from that of tapirs. Horses do not have a flexible proboscis
similar to tapirs. The presence of a proboscis in tapirs neces-
sitates significant restructuring of the entire head. A highly
mobile proboscis may be linked to the reduction and retrac-
tion of bony and cartilaginous structures of the face to create
space for movement. Furthermore, this reorganization would
allow for the utilization of the current facial musculature for
additional purposes and improved mechanical efficiency,
which is in line with tapir morphology. Radinsky (1965) and
Wall (1980) examined the skeletal signs of these changes. The
sutura naso-incisiva moved downwards to a location situated
behind the orbita. The os incisivum and os nasale no longer
touch each other, causing the maxilla to form a portion of the
narial border. The length of the skull anterior to the orbitais
shorter, specifically the distance between the orbita and the
hole below it, is shorter. In tapirs, the septum nasi is emar-
ginate rostrally, meaning that it is not extended up to be-
tween the nostrils, as in horses. Consequently, the front part
of a tapir's proboscis lacks any significant internal bone or
cartilage structure and only the septal cartilage that functions
to divide the right and left nostrils.

The proboscis of the tapir is upheld by several crucial fa-
cial muscles that have been adapted to facilitate mobility. The
muscles encompassed in this category are m. levator labii su-
perioris, m. levator nasolabialis, m. caninus, and m. lateralis
nasi. m. levator labii superioris assists in raising the top lip
and plays a role in the movement of the proboscis. The m.
levator nasolabialis plays a role in the movement of the pro-
boscis, aiding its flexibility and extension. m. caninus contrib-
utes to the movement of the proboscis by assisting in flexion
and extension of the tubular structure. Musculus lateralis nasi
is responsible for lateral movement of the proboscis (Witmer
et al,1999). The tapir muscles, coupled with other soft and
connective tissue components, create a muscular hydrostat.
This structure enables the tapir to use its proboscis for tasks,
such as gripping food and moving through thick vegetation.

Conclusion

In conclusion, the tapir skull exhibits several distinct fea-
tures, including a barrel-shaped shape, a shorter and thicker
nasal bone (os nasale), open eye sockets (orbits), and a wider
cavity for the nose (cavum nasi) that allows for attachment of
the proboscis muscle. Additionally, tapirs have a deeper mas-
seteric fossa and low-crowned teeth, with transverse ridges
on each set of teeth. These anatomical differences have influ-
enced the feeding behavior of tapir species as well as their
nocturnal activities.
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