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Abstract: This study reveals the macroscopic and microscopic structures of the Eurasian lynx planum nasale using materials
fromthree dead females obtained from the Sivas Forestry Branch of Agriculture and Forestry Ministry of the Republic of Turkey. To
accomplish the purpose, planum nasale was investigated using macroscopic, histological, and scanning electron microscopy
(SEM) techniques. The microscopic examination showed that the planum nasale consists of hairless, moist, glabrous skin and
resembles a ship anchor with arm, palm, stock, and sickle parts. The planum nasale’s surface is formed by epidermal plates or
epidermal ridges, which were separated from each other by primary and secondary fissures showed in SEM and macroscopic
figures. Based on the microscopic examination, the Mercel’s cellsand nerve ends are located in the basal sheet of the planum na-
sale’s epidermal layers. In addition, the pores situated on the surface of the epidermal ridges and the dense connective bundles
were settledinthe dermal layers, based onthe SEM examination.
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Introduction

The Euroasian lynx (Lynx lynx) is an endangered
species of wild animal (1). The species features of
the lynx are medium size, a small head, a prominent
ruff of fur, ears tipped with tufts of black hair, and
long legs relative to its body length. The literature
reports that the most distinguishing anatomical
characteristic of these wild animals is the absence
of a set upper premolar (2).

The planum nasale, which comes from a Latin
word meaning the tip of the nose, is a well-studied
anatomical and histological structure in various
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species (3, 4, 5, 6, 7). This anatomical structure
is called the nasal plane (planum nasale) in
carnivores and small ruminants but the nasolabial
plane (planum nasolabiale) in large ruminants
and the rostral plane (planum rostrale) in swine.
The nasal plane is macroanatomically formed
by glabrous skin and philtrum, different from
other regions of the head (8, 9, 10, 11). The skin
of the nasal plane includes medial nasal wings,
which are differentiated for adaptation to different
environments. The surface of the nasal plane
skin exhibits a unique morphology that includes
papillae or epidermal ridges (4, 5). The anatomical
structure consists of the epidermal ridges, which
are used as a nasal print (5, 12) because of the
individual animal’s characteristics throughout
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life (13, 14). Histologically, the planum nasale’s
skin consists of an epidermis and a dermis. In
addition, Esrah (5) reported that skeleton muscle
exists just below the dermis.

The morphology of the planum nasale has been
compared between various species for many years.
Despite several current studies on the anatomical
structures of the Eurasian lynx (1, 15), to our
knowledge, no anatomical descriptions of the
nasal plane in the Eurasian lynx are available,
so this study could present the first anatomical
findings on the planum nasale obtained using
light and scanning electron microscopy.

Materials and methods

Gross anatomy

The three female Eurasian lynx used in this
study died from natural causes (cadaver I was
6,9 kg, cadaver II was 7,6 and cadaver III was
7,2 kg in weight, respectively). The animals were
obtained from the Republic of Turkey Ministry
of Agriculture and Forestry (Sivas branch) and
were immediately transported to the Anatomy
Department of the Veterinary Faculty of Sivas
Cumhuriyet University (16). Then, we bilaterally
inserted a plastic cannula into their common
carotid artery and cleaned the arterial system
of each cadaver with hydrogen peroxide and
water solution. We fixed the cadavers with a 10%
formalin solution administered via the plastic
cannula. The planum nasale of each cadaver was
photographed with a Canon EOS 50D camera.
The nomenclature used in this study was adopted
from the Nomina Anatomica Veterinaria (17).

Light microscopy

The tissue samples were fixed in buffered
formalin for 24 hr, dehydrated in graded alcohol,
and embedded in paraplast to create blocks.
Serial sections were cut at 5-6 pm thickness.
The sections were stained with a modified version
of Mallory’s triple stain for general histological
examination (18).

Scanning electron microscopy

The specimens collected from the planum
nasale samples were washed in distilled water

and 2.5% glutaraldehyde three times (10 min
each), dehydrated in an ascending series of ethyl
alcohol solutions (50%, 70%, 90%, and 100%
alcohol), dried until they reached the critical point
using liquid carbon dioxide, and mounted on
metal stubs. The samples were coated with a gold-
palladium alloy using a sputtering device; then, we
examined and photographed the specimens with
a scanning electron microscope (Zeiss, Germany)
(10kV) at the Advanced Technology Research
Centre of Sivas Cumhuriyet University, Sivas (19).

Ethical Statement: This study was approved by
the Republic of Turkey Ministry of Agriculture and
Forestry (Sivas branch) (09.08.2018-72784983-
488.04-176382).

Results

Gross morphology

The planum nasale of the Eurasian lynx is
located around the two nostrils and the middle
area of the upper lip. Its skin surface is hairless,
glabrous, moist, and grayish-black, and it has a
dermatoglyphic pattern consisting of epidermal
ridges (see Figure 1). It was divided by a philtrum
into two equal halves, around the nostril and only
the middle area of the upper lip (see Figure 1).
The planum nasale of Eurasian lynx was in the
form of a sketchy ship anchor shape consisting
of arm, palm, shank, stock, and shackle parts
(see Figure 1A). The arm of the ship anchor was
directed to the dorsum nasi, while the shank
was directed toward the ventral of the planum
nasale. The arm of the planum nasale (the arrow
in Figure 1A) is located dorsally to the tip of the
nose, while its palm (“Pa” in Figure 1A) is situated
at the dorsolateral wings of the nose, directed
medioventrally. A black dorsal border (the arrow
in Figure 1A) was evident between the hairy skin
of the dorsum nasi and the arm of the planum
nasale. The dorsal border of the planum nasale’s
arm was concavely directed toward the dorsum
nasi. The width of the planum nasale arm dorsally
supported the nostril (“Ns” in Figure 1A) and
was wider than the planum nasale’s palm. The
planum nasale’s palm (“Pa” in Figure 1A) on both
sides situated the lateral wings of the nose and
the dorsolateral of the planum nasale. The width
of the planum nasale’s arm dorsally surrounding
the nostril was wider than the planum nasale’s
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Figure 1A: The macroscopic view of Eurasian lynx Pla-
num nasale. (A) A photograph of the planum nasale’s
anatomical structures: the arm (Ar), palm (Pa), and
dorsal border of the planum nasale (arrow); the nostril
(Ns); the philtrum (arrowhead); the shank (Sh); and the
shackle (Shk) and stock of the planum nasale (St)

palm. The planum nasale palm on either side was
situated around the lateral wings of the nose and
dorsolateral limited the nostrils. The lateral border
of the convex planum nasale palm firstly began
from the dorsal side of the nostril, then continued
to the medial side, and finally ended at the ventral
side. The lateral and dorsal borders of the planum
nasale and philtrum (arrowhead in Figure 1A)
were dark-colored glabrous skin, unlike the arm,
which comprises glabrous light-colored skin in the
central portion planum nasale’s arm. The planum
nasale’s shank (“Sh” in Figure 1A) is situated in
the area between the left and right nostrils. The
philtrum (the arrowhead in Figure 1A) extended
from the dorsal midline of the planum nasale’s
shank to the planum nasale’s shackle and upper
lip. The planum nasale’s stock (“St” in Figure 1A)
is located mediolaterally in the ventral portion of
the planum nasale, and the ventral part of the
planum nasale shank narrows dorsally to the
upper lip to become the shackle of the planum
nasale (“Shk” in Figure 1A). The skin of the planum
nasale’s shackle and the upper lip was dark and is
divided into two equal halves by the philtrum. The
glabrous skin surfaces of the planum nasale have
many moist dermal protuberances and grooves
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Figure 1B: An SEM image of a planum nasale’s surface,
with the epidermal ridges (stars), shallow fissures (arrow-
head), secondary fissures (the mark), and small pores
(stars).
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Figure 1C: An SEM image of a planum nasale’s surface
and section, with a profound groove (arrows), the epider-
mis (arrowheads), the dermis (star), and connective bun-
dles (X mark)

(the star in Figure 1A), which were wider and
darker in the central area of the planum nasale
than at the edges of the planum nasale.
Histological Examination: The glabrous skin of
planum nasale in the Eurasian lynx histologically
consisted of the epidermis (Figure 2A) and
dermis (Figure 2A) layers. Deep indentations
(Dermal papillae) were seen (Figure 2B) between
the epidermis and dermal layers. The epidermis,
formed by the hairless keratinized squamous
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Figure 2: The histological view of Eurasian lynx planum nasale

epithelium, was composed of the basal, spinous,
granular, lucid, and corneum strata in the
histological preparations stained with triple
stain. In the samples, the basal stratum was
formed by single layers of cells located on the
basement membrane (arrow in Figure 2C). The
mechanoreceptor cells were seen in the basal
layer. These cells were thought to have endings
in the immediate vicinity (in Figure 2C). The
granular layer was composed of two to three cell
rows, while the spinous layer consisted of three

to five polyhedral cell rows (mark in Figure 2C).
The stratum corneum was the most superficial
on the epidermis; it is thin and has multiple
layers of ceratinocytes. The boundaries of the
dermis layer, which has deep and superficial
layers, were not evident in the triple-stained
preparations. Deep in the dermis were more
connective fibers than in the superficial areas.
In addition, abundant veins and venules were
situated (star in Figure 2D-F) in the dermis
layer.
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Scanning electron microscopy examination

The SEM surface examination showed many
differently sized epidermal ridges in the samples
(the stars in Figure 1B), separated from one
another by shallow fissures (the arrowheads in
Figure 1B). The epidermal ridges were divided
into more small domes by secondary fissures (the
mark in Figure 1B). The shapes of the epidermal
ridges differ from each other, both among samples
and between the halves of the same animal
specimens. Small pores were situated in the
middle of the epidermal ridges (the plus in Figure
1B). The philtrum was a profound groove in the
middle line of the samples (the arrows in Figure
1B). The SEM depth module examination of the
samples showed that both the philtrum and skin
epidermal ridges were composed of epidermal
layers (the arrowheads in Figure 1C) and that the
dermal layers included dense connective bundles
with different sizes and directions (the star and X
mark in Figure 1C).

Discussion

The unique anatomical structures of the skin,
such as the planum nasale, form through skin
differentiation in various regions. The region, as
previouslydescribed in ruminants (5, 7) and lemurs
(3), is an extensive and easily distinguishable
patch of moist, glabrous skin around the nostrils
in the Eurasian lynx. In addition, the species’
planum nasale has a dark border on the dorsal,
lateral, and ventral sides.

On close macroscopic inspection, the planum
nasale surface of the Eurasian lynx appears to be
composed of packed polygonal plates or epidermal
ridges, fissures, and a philtrum, as depicted in
carnivores (8, 9), camels (5), and lemurs (3). In
addition, the shape of the Eurasian lynx’s planum
nasale resembles a ship anchor consisting of arm,
palm, shank, stock, and shackle parts. The arm
and palm are situated dorsally to the nostrils,
while the shank and stock parts are located
medially and ventrally, respectively, to the nostrils
in the Euroasian lynx. As previously described
in ruminants (5, 6, 7, 20) and lemurs (3), the
philtrum also divides the planum nasale into two
halves in the Eurasian lynx. Moreover, as shown
by the gross and SEM samples, in the Eurasian
lynx, it has been seen that the philtrum continues

to the middle of the upper lip and divides the
upper lip.

In the macroscopic and SEM examinations,
we found that the shapes of the epidermal ridges
differ between the planum nasale halves from the
same individual and among the planum nasale of
different individuals. The findings are similar to
descriptions reported of primates by Clifford and
Witmer (12) and of cattle by Solis and Maala (14).
As described by literature (12, 14), the different
shapes of the planum nasale’s skin plates may be
used for individual identification of the animals
as nose prints. In addition, we observed that the
pores are situated on some skin plates. The skin
plate is split into multiple secondary skin plates
with shallow grooves. We observed that the shapes
of the skin plates differed from of camels those
photographed with SEM microscopy (5).

In agreement with findings from the literature
(3, 5), we observed that the histological structure of
the planum nasale’s skin consisted of the epidermis
and dermal layers. However, the hypodermal
layer could not be seen in this study. As reported
in the literature (3, 5), a wavy border was seen
between the epidermis and dermal layers because
of the evident epidermis and dermal papillae in
the histological samples. In this study, we saw
that the basal sheet of the epidermal layer was
formed by a single cell layer, as depicted in Lemur
catta (3) and camels (5), whereas our findings of
Mercel’s cells in the sheets were only similar to the
description by Elofsson et al. (3) in Lemur catta.
In addition, as reported by previous studies (3, 5),
we observed that the granular sheet was thinner
than the spinous sheet. The superficial stratum
corneum of the planum nasale in the Eurasian
lynx is the same as that of camels (5) and Lemur
catta (3), in terms of thickness.

Our findings, such as dense connective fibers,
rich blood vessels, and dermal papillae in the
dermal layers, resemble the statements by Eshrah
(5) in camels and Elofsson et al. (3) in Lemur catta.

Conclusion

The nasal plane or planum nasale of the
Eurasian lynx was investigated. In this study, we
observed that the Eurasian lynx’s planum nasale
consists of glabrous, moist, and hairless skin
around nostrils and that its gross morphological
shape is in the shape of a ship anchor consisting
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of arm, palm, shank, stock, and shackle parts.
Both the morphological and SEM investigations
show that the planum nasale’s skin is divided by
primary and secondary fissures and splinted into
epidermal ridges with different sizes and shapes.
The different surface shapes of the epidermal
ridges in the Eurasian lynx are used for individual
identification by nose print, as in other animals.
In the histological examination, we saw that the
planum nasale’s skin is composed of dermis and
epidermal layers. The unmyelinated nerve endings
located on the basal sheet of the epidermal layers
may be evidence of a sensitive structure. In the
SEM examination, we saw small pores on the
epidermal ridges and dense bundles in the dermal
layers. The dense bundles may create resistance
against mechanical effects.
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MORFOLOGIJA IN HISTOLOGIJA SMRCKA EVRAZIJSKEGA RISA (Lynx lynx)

H.H.Ari,S.Uslu

lzvlecek: V $tudiji so opisane makroskopske in mikroskopske strukture smréka evrazijskega risa, ki je bila opravljena s
prouc¢evanjem tkiv treh mrtvih samic, ki so jih pridobili s pomoc¢jo gozdarske podruznice Sivas Ministrstva za kmetijstvo in goz-
darstvoRepublike Turcije. Strukturo smréka soraziskovalizuporabo makroskopskih, histoloskihmetodteruporabe vrsticnega
elektronskega mikroskopa (SEM). Mikroskopska preiskava je pokazala, da smréek sestavlja brezdlaka, vlazna, gola koza, ki
po obliki spominja na ladijsko sidro. PovrSinski del smr¢ka tvorijo epidermalne plosce ali grebeni, Ki jih loCujejo primarne in
sekundarne razpoke, vidne na makroskopskih slikah in s pomocjo vrsticne mikroskopije. Na histoloskih preparatih so bile v
bazalni plasti smréka epidermisa opazne Merkelove celice in zivéni koncici. S pomocgjo metode SEM so v plasti epidermisa
pokazalipore, ki se nahajajo na povrSini epidermalnih grebenovin snope togegafibrilarnegaveziva, ki segajo v plast dermisa.

Klju€éne besede: Evrazijskiris (Lynx rufus); morfologija; nosnaravnina; smréek



