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Abstract: The Comparative Odontology of Selachians is an ongoing sci-
entific research project coordinated by Gajić (Sharklab) with aim on better
understanding of morphology, morpho-taxonomy, anatomy, functional and
molecular biology of shark teeth and jaws. Besides original scientific studies
and field work, project aim to involve undergraduate students from chosen
University from Southern Europe in order to gain basic scientific research
methodology in the fields of comparative odontology of selachians. Through
this section student team (eight students) was included in writing a spe-
cific research morphology they used fro their own studies trough project and
graduate thesis, primarily in order to gain knowledge in publishing scien-
tific papers and to gain references before graduation to motivate them on
scientific related work in future.
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1 Fish Scales and Dermal Skeleton of Selachii

1.1 Fish Skin and Types of Scales

Fish have specifically built skin, which di↵ers greatly from the skin of other
vertebrates. A large number of fish have slimy skin, which binds and breaks
sludge and in this way facilitates breathing of the fish. This mentioned mucus
is made from di↵erent mucopolysaccharides and immunoglobulins. Malpighi
cells that have retained their ability of division are scattered through the
epidermis. Beneath the epidermis is the dermis, in whose composition enter
the cell pigment, nerves, connective tissue and scales.

The dermis consists of two layers, the stratum spongiosum and stratum
compactum. Scales can be conditionally divide in two parts, upper part was
built of bone tissue, while the lower layer is built up of connective tissue per-
meated limestone. We distinguish four basic types scales specific for certain
groups of fish, such as: placoid (characteristic for most cartilaginous fish),
ganoid (Chondrostei), cosmoid (fossil lungish and latimeria) and bone (most
bony fish).

1.2 Development Odd the Placoid Scales

Placoid scales (Fig. 1 and 2) represent the most primitive type of scales
and they are present only in cartilaginous fish, in form of the skin skeleton.
Each placoid scales presented one rhomboid plate that is embedded in the
dermis, with whose surface depart little teeth (usually three teeth), which
penetrate on the surface of the dermis. The emergence of the placoid scales
is carried out by following the way: in the dermis the cells with a large
nucleus are collected, which are native to the dermis, and they transform into
odontoblasts; beneath them the epidermis builds a conical wen. Odontoblasts
are deployed in a single, continuous layer, and secrete dentin, of which the
interior of teeth is made.

In contact with the dentin, the cells of the epidermis secrete vitrodentin.
In this way, the deeper part of the growth becomes covered with mineral
matter and placed into the dermis, which ossifies and build a base around
which the dentin layer is deposited. The small tooth stops growing, and after
a certain time it consumes, and drops, or else it damages and cracks. In the
interior of the scales, or the small tooth, there is a core of soft pulp, rich
of blood vessels. The scale is made of dentin, teeth bone, which represents
organic matter imbued lime salts. In the inside of the small tooth there is
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the nerve canal. On the surface is covered with a teeth canal. On the surface
is covered with dental enamel. Placoid scales of the cartilaginous fish are
homologous organs with the teeth of mammals, they have the same origin,
the same structure but di↵erent function.

Figure 1: Placoid scales of Squalus acanthias, taken under small microscopes
magnification (Source: Gajić, A.)

Figure 2: Placoid scales of Squalus acanthias, taken under small microscopes
magnification (Source: Gajić, A.).

We can conclude that the placoid scales are present on the cartilaginous
fish and cover the entire surface of the body, and have a support and hydro-
dynamic function, while in the jaw they develop in the form of sharp teeth.
Although Selachii (or Selachomorpha) have quite similar placoid scales is
necessary to stress that they are di↵erent from species to species, but in no
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way can not represent a reliable taxonomic character for species identifica-
tion. Methodology of shark skin microscopic preparation is shown:

1. Carefully separate, using scalpel, a piece of skin measuring 3 cm x 3
cm from the fish;

2. Previously separated piece boil until crumbles;

3. Use pipette to take a drop of water from the pot that contain placoid
scales from the piece of skin and put it on glass;

4. Do not place cover glass;

5. Such preparation is ready for microscopy. The researcher should take
care of the fact that preparation is of a temporary nature and it dries
very quickly; and

6. If the drying occurs, pipette to add a bit of water on glass being careful
to not to split over scales.

Independently prepare the Selachii skins as described. Mentioned prepa-
ration, put under a small or medium magnification and observe; draw notable
results in a frame and mark the specific morphological parts.

2 Shark Teeth

2.1 Basic Morphology of Shark Teeth

Shark teeth (Fig. 3 and 4) presents modified placoid scales, adapted for
cutting and tearing specific pray [2]; mentioned teeth are arranged in vertical
columns (rows) and horizontal bars (series). There are several series of teeth
in each shark jaws, of which the first series makes functional one. In addition
to the first, functional, series we can find several series of replacement teeth
(usually represented with three to five series). Those teeth replace continu-
ously the first series in certain time (which grow on the relation to the age).
Mentioned teeth are not attached to jaw it self, but they are developed in the
gums and are fixes for dental membrane. The root and crown are constructed
of tooth bone, dentin, and are covered with enamel. Often, between the root
and crown lays layer of transition with thin layer of enamel called ”chevron”
[6] [2] [3] [4].
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Figure 3: Middle part of the lower jaw of Small spotted catshark (Scyliorhinus
canicula) (Source: Gajić, A.).

Figure 4: Two functional series of lower jaw of a Spiny dogfish shark (Squalus
acanthias) (Source: Gajić, A.).

2.2 Describing the Teeth Morphology

Morphologically viewed, shark teeth can be conditionally divided into one
or several ridges (cusps). Largest cusp is named as main cusp, while other
smaller cusp (if present) is named cusplet. The presence, number, and other
morphological characteristics of cusps vary within the species, but many also
vary within certain types of individuals of same species. Morphological char-
acteristics of certain parts of the teeth are the basic taxonomic character
for species identification (morpho-taxonomical characters). When defining
the morphology of the teeth, we assume that the teeth are serrated later-
ally or not. Basis of morphological parts of the teeth of some Selachii are
schematically shown in Figure 5.
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Figure 5: The main morphological parts of the shark tooth. Legend: (A)
main cusp, (B) first pair of cusplets, (C) second pair of cusplets and (D) the
root. (Edition: Gajić, A.).

2.3 Detailed Morphological Analyses

During the more detailed morphological analysis of the cusps, we consider
curvature as well as the robustness of the tooth. By its curvature, cusp
can be moderately curved, highly curved and hooked; and by the robust-
ness tooth can be: needle-shaped, moderately robust, extremely robust and
triangular/rhomboid.

Teeth root can be flat, slightly invaginated (slightly tucked in the direc-
tion of the tooth body) or extremely invaginated (drawn to the tooth body
to the extent that, viewed upside down, resembles the Latin letter ”U” or
”V”). Also, very important morpho-taxonomic character is root apartness,
the root can be complete (Fig. 5) or parted as is the case with the Squalus
acanthias (Fig. 4), where they are obvious two root parts. When describ-
ing the morphology of the teeth, as well as the conditional typification, it is
necessary to take account of all above mentioned tooth parts. While describ-
ing the morphology of individual tooth we are starting from lateral serration
(whether present or not), number and diversification of cusps and their full
description and in the end of the root characteristics. In describing sev-
eral groups of teeth it is important to emphasize taxonomic characters that
clearly separates one group from another. While describing a group of teeth
we can take into consideration the position of observed teeth group in jaws.

Example of describing specific teeth group: Teeth of group fourth-pseudo-
cuspid, species Scyliorhinus canicula are characterized by non-serrated lat-
eral edges, the presence of main cusp surrounded by two pairs of cusplets
(first and second row) of which first is noticeably larger that the second pair.
Length of the main cusp is over three times greater than the length of the
first pair of cusplets. Root is whole (never separated), medium elongated,
and slightly invaginated.
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The morphologically division and details describe teeth presented in Fig-
ures 6 and 7.

Figure 6: Right side of the jaws of Bluntnose sixgill shark (Hexanchus
griseus). (Source: Bigelow and Schroeder, 1948).

Figure 7: Left side of the jaws of Spiny Dogfish (Squalus acanthias) (Source:
Bigelow and Schroeder, 1948).

3 Morpho-Functional Teeth Di↵erentiation [5]

Once we have mastered morphological division of teeth and jaws in previ-
ous exercises, we consider the basic functional division of the teeth. Gilbert-
son [5] have divided shark teeth into four functional groups, based primarily
on a specific diet conditioned by the morphology itself:

1. Flattened teeth adapted for crumbling the decapod crustaceans, ie
chitin cuticle (those teeth type is presented in most species of Genus
Mustelus (Linck, 1790);

2. Needle-like teeth for catching mid-sized and large pelagic fishes, for
example, teeth of Carcharias taurus (Rafinesque, 1810);

3. Needle-shaped teeth of the lowe jaw to capture and triangular, serrated,
teeth of the upper jaw for cutting, such as Carcharhinus longimanus
(Poey, 1861); and

4. Reduced teeth of the filter-feeding species, which feed on plankton and
have no real teeth function as Cetorhinus maximus (Gunnerus, 1765).
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As it’s seen from above examples, tooth morphology develops primarily
due to a specific type of pray which shark consumes. Its important to note
that there are a significant number of species whose teeth do not fit into the
either category described by Gilbertson.

4 Basic Anatomy of the Cranial Region of

Selachii

The muscular system includes a set of tissue structure with contractile,
hereditary traits. There are three types of muscles: striated (involved in
actively move of the organism and its individual components), smooth (which
form the walls of the internal organs and are not subject to the influence
of will) and cardiac muscle that stands out as a separate entity because
it contains elements of both mentioned groups. Muscles essential to the
movements of jaws belong to the group of striated muscles.

Striated muscles are built by muscle fibbers (myocytus striatus), which
are represented by relatively long, thin, cylindrical cells. Muscle fibbers are
properly aligned (parallel) and are surrounded by endomysium which wispy
layer of areolar connective tissue. The basic histological structure of each
muscle consists of bundles (fasciculi), which forms a greater number of as-
sociated muscle fivers. Each bundle is surrounded by a specialized wrapper
called perimysium. The final structure of the muscles is formed by mutually
grouped bundles which are surrounded by a thick sheath of connective tissue,
called epimysium. Through all these aforementioned wrappers (endomysium,
perimysium and epimysium) blood vessels and nerves are passing, which van
be further branch out and maturing to each fibber. Length and diameter
of myocytes (muscle cells) varies considerably from muscle to muscle. The
average length of the myocytes is between one millimeter and twelve cen-
timeters, while the average diameter ranges from 10 do 100 microns. When
we look at the transversely intersected histological preparation, we observe
oval or polygonal shapes.

4.1 Branchiomeric Muscles of Sharks

Branchiomeric muscles are mesenchymal origin and related primarily to
the elements of the visceral skeleton and together with the hypobranchial
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muscles its involved in rising the mouth then sliding down of the lower jaw,
as well as the expansion of gill pouches. In some recent groups of Selachii
that have uniformly built visceral arches, branchiomeric musculature of one
visceral arch is consist of the four muscle mass:

1. Dorsal and ventral constrictor muscles - there are exterior flat muscles
whose primary role is constriction of pharynx sacks during the active
phase of ventilation of gills;

2. Levator muscles - those muscles are connected to the dorsal parts of the
gill arches and actively participate in rising of the skeletal elements;

3. Adductor muscles - are set much deeper and they connecting the epi-
branchial and ceratobranchial parts of visceral arches and during con-
traction reduces the angle that creates among the mentioned skeletal
elements; and

4. Interradicular muscles - linked on the upper elements of visceral arches,
when contracted they bend them backwards.

For a proper understanding of the process of mastication, more precisely
movement of the upper and lower jaw, necessary is to know following muscles:

• musculus adductor mandibulae which is responsible for the closes of
jaw (in the descending of the lower jaw par of hypobranchial muscles
are involved, which starts from the shoulder belt and pulls the lower
jaw backward and downward);

• musculus intermandibularis is formed by ventral constrictor and hyoid
mandibular arch, lies between the lower jaw and during contraction
raises the lower jaw; and

• musculus levator palatoquadrati which raises the palatoquadrate car-
tilage, expect representative with autostylic skull type.

Muscles of other gill arches mostly are non-specialized; significant changes
involve only the levator muscles of latest arches that are powerfully developed
and forming musculus trapezius.
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4.2 Basic Anatomy of the Nervous System

The nervous system is basically composed of specific nerve cell called neu-
rons, highly specialized that have lost their ability to continue dividing. Neu-
rons have role of conductors of stimuli of receptors to the central nervous
system and from mentioned to the e↵ector that will respond to a given stim-
ulation. They also play a role in the transmission and storage of information
in the nervous system. So, the basic function of the nervous system is the
coordination of muscle activity, monitoring of internal organs and processing
information entered from the outside environment (by the senses). Sharks,
like all other vertebrates, possess a tubular nervous system, which consist of
two parts: the central nervous system (CNS) and peripheral nervous system
(PNS).

In order to better understand the function of the nervous system and its
impact on the innervation of jaws muscles, it is necessary first to explain the
basic of neuronal structure, as the basic unit of the nervous system. Neurons
have the ability of excitability; it is the ability of cells to respond to certain
stimulus by changing their membrane potential. When a neuron is idle, we
call it resting potential. Stimulation leads to depolarization of the membrane,
until the critical level occurs when an action potential is transmitted along
nerve fibbers, and it is always the same amplitude and duration.

Each neuron consists of two (or three) morphological units, the body
(soma) or perikaryon and two types of extensions that depart from the neu-
ron body, such as: dendrites and axons. The body of neurons represents an
expanded part of nerve cell whose shape varies considerably. On the histolog-
ical preparations, perikaryon are colored by Nissl method, after which we are
available to observe euchromatin, big, nucleus with very colored nucleolus,
after that Nissl bodies, comply grouping of tubes, vesicles and granules that
in fact match the rough endoplasmic reticulum and polyribosomes; also, in
the body we can observe visible elements of the cytoskeleton itself such as:
microtubules, micro and neurofilaments.

4.3 Innervation of the Jaw System

For innervation of jaw system are essential nn. craniales (cerebral nerves,
coming directly from the brain on the chondrocranium) which are an integral
part of the peripheral nervous system and are build from group of motor,
sensory and mixed nerve fibbers that innervates muscles and glands. Cranial
nerves of all vertebrates have similar names and perform similar functions.
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Fish have ten pairs of cranial nerves, unlike the humans that have thirteen
pairs. The most important cranial nerves of Selachii are:

• I - nervus olfactorius (olfactory nerve) sensory nerve which starts from
bipolar cells located in the olfactory epithelium of olfactory sack and
end up in olfactory bulb. They are associated with a sense of smell;

• II - nervus opticus (optical nerve) also represent a sensory nerve that is
build by axons of neurons that are located in the ganglionic layer of the
retina of the eye. The nerve start from the optical disc (the last part
of the eyeball) or the papilla of the optic nerve (discus nervi optici)
on the retina. It goes through the choroid and sclera and into the eye
socket. On its way through the eye socket, a nerve has a outer envelope
(vagina externa nervi optici) and inner envelope (vagina interna nervi
optici). Between the envelopes are located intervaginal areas;

• V - nervus trigeminus (branch nerve), which arises from the anterior
end of the medulla. Represents a mixed nerve with both motor and
sensory function. This nerve has three branches, inervation the muscles
of the face, eyes, mouth and jaws; and

• X - nervus vagus (the vagus nerve), which represents the longes, mixed,
cranial nerve which starts from the posterior end of the medulla and
innervates the gills, throat, oesophagus, stomach, intestines, etc.

For the innervation of the muscles of the mouth and jaws important is the
fifth pair of cerebral nerves, e.i., trigeminal nervous. This nerve directly af-
fects on the jaw muscles mentioned in the previous section and provides open-
ing, closing and moving the jaws, such as other cranial structures. A similar,
but more complex, function of this nerve is preforms at the higher vertebrates
and finally the human where it divides into three functional wholeness: oph-
thalmic, maxillary and mandibular (due to more complex construction of the
jaws itself).

4.4 Cranial Skeleton of Selachii

The skeleton (Greek, �"�"⌧ó& = dry) is part of the body of progressive meta-
zoans, whose main function is the support of body. We may distinguish two types
of skeleton: exoskeleton (external skeleton) and endoskeleton (represented with
internal skeleton). Lower vertebrates, which included jawless fish (the lampreys
and hagfishes) and cartilaginous fish have skeleton made from cartilage, while in
higher vertebrates (starting from the bony fishes) skeleton ossified. According to
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its composition, skeleton is very similar in all groups of vertebrates and it can be
divided into four basic sections:

• Axial skeleton;

• Skeleton of the limbs;

• Visceral skeleton; and

• Dermal skeleton (as its already pinted out, is some Selachii presented with
placoid scales).

Cranial skeleton is the most complex part of the axial skeleton, it includes two
sets of skeletal (protective-supporting) elements: skull (neurocranium, chondro-
cranium, cranium) skeletal shell that covers and protects the main sense organs,
together with the frontal part of the nervous tube and visceral skeleton (splanch-
nocranium). In some Selachii, as well as other cartilaginous fish, upper and lower
jaws are consist solely of visceral skeletal elements (Fig. 8).

The upper jaw is presented with palatoquadrate cartilage (palatoquadrate),
which is connected directly to the neurocranium via hyomandibular arch, and
indirectly with the lower jaws, which is presented with Meckel’s cartilage (Car-
tilago Meckelii). Hyomandibular arch consist of three elements: hyomandibulare
(which is connected to the cranium and palatoquadrate), ceratohyale, which builds
on hyomandibulare and further build on bashyale (as the third part) and Carti-
lago Meckelii. Upper and lower jaw together forms the mandibular arch. During
the dissection researcher should be extremely careful when cutting hyoid arch (i.e.
removable jaws from the rest of the head) to avoid damage to the palatoquadrate
or Cavum Meckelii.

5 Types of Connection Between Cranium And

Jaws

There are several basic types of connection of the skull with the maxilla (upper
jaw), in the animal kingdom, which are supposed to have evolved from the primary
autostylic. In the most of extinct (fossil), and some recent, Selachii occurred am-
phistylic type of connection that is developed directly from the primary autostylic.
The about mentioned type present a double bond of the last part of the maxilla,
while the connection with the neurocranium is realized directly and throughout
the hyomandibular arch.
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Figure 8: Illustrated view of cranial skeleton of Selachii (Edition: Gajić, A.).

Legend: (1) Chondrocranium, (2) Mandibular arch, (C) Hyoid arch, (4) Palatoquadrate,
(5) Cartilago Meckelii, (6) Hyomandibulare, (7) Ceratohyale, and (8) Bashyal.

The vast majority of recent Selachii have hyostylic connection which have de-
veloped from amphistylic type, and its considered as more advanced. In the level
of the intraocular region, hyomandibulare is connected to the skull. On the lower
side its connected, either via ligaments (directly) or via symplecticum (indirectly),
on the last part of the palatoquadrate. In the previous described relation, hy-
omandibulare provides support for he jaws over the neurocranium (acts as jaw
carrier). Unlike sharks, chimaeras (Holocephali) have autostylic connection be-
tween skull and maxilla.

6 Dissection of he Biological Material for Re-

search Purposes

6.1 Required Laboratory Equipment

For a proper dissection, every researcher needs simple equipment, which consists
of six basic components: surgical scalpel, surgical scissors, two tweezers with a
di↵erent type of endings, pins and graphite pencils.

During the dissection, especially massive material, researcher should take care
that the blade of the scalpel losses cut and that it is necessary to change it from
time to time, sometimes more than over three times in the course of one dissection.
Duration of the dissection depends primarily on the experience of the researcher.
Jaws dissection of Mustelus mustelus measuring 14 x 12 cm (total head length 20
x 14 cm) takes in average 120 minutes (2 hours), or even more.
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6.2 Techniques of the Jaws Dissection

The process of dissection of the jaws from Smooth-hound Mustelus mustelus is
shown in photographs and is explained in the text.

Before the process of the dissection, it is necessary to palpate the ventral side
below the mouth, to the first gill set, for the locating a complete lower jaw.

Figure 9: First Step to Jaws Dissection (Edition: Gajić, A.).

Once you feel the position of the periphery of the lower jaw, you should sketch
jaw borders with pencil to outline the jaws and to cut easier (Fig. 9).

Figure 10: Second Step to Jaws Dissection (Edition: Gajić, A.).
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The first cut can be performed in several places (mostly on the ventral side),
and specific method of dissection usually depends on it. In this exercise, we will
perform ventral dissection so that we may, as far as possible, avoid damages to
the other parts of the head. Carefully break the skin near the lowest edge of the
lower jaw, on the right side, then using surgical scissors make a cut on the skin to
the middle of jaws, as it is shown on the Fig. 10.

Figure 11: Third Step to Jaws Dissection (Edition: Gajić, A.).

Repeat the same procedure on the opposite side (Fig. 11).

Figure 12: Fourth Step to Jaws Dissection (Edition: Gajić, A.).

Use your fingers to peel the skin to see the lateral rim of the lower jaw (Fig. 12).
Using a scalpel gently remove as much of m. adductor mandibulae and surrounding
tissue on order to free up the space to the hyoid arch.
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Figure 13: Fifth Step to Jaws Dissection (Edition: Gajić, A.).

Particular attention should be taken to the separation of the jaws from the
cranium. The lower jar, presented with Cartilago Meckelii, is linked to the cranium
through hyoid arch, consisting of three parts: hyomandibulare, ceratohyale and
bashyal. Using scalpel carefully separate bashyal from one side of the Cartilago
Meckelii (Fig. 13), taking care not to damage the end of the jaw, then detach
bashyal from the other side.

Figure 14: Sixth Step to Jaws Dissection (Edition: Gajić, A.).

Separate hyomandibulare on both sides of the upper jaw, taking care not to
damage the cartilage itself. After you separate mentioned parts, use scissors or a
scalpel to remove surrounding tissue and remove jaws from the head (Fig. 14).

Once you have successfully separate the jaws from the head, it is necessary to
access detailed treatment and removal of excess skin and muscle. It is necessary
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to be extremely careful, when removing the skin (especially around the mouth), as
its already been pointed in chapter II, the teeth are not attached to the jaws itself,
but develop in the gums and are fixed to the dental membrane, which means that
if the surrounding skin remove improperly it may cause the destruction of a large
number o teeth and therefore entire material to be studied. It its needed, leave a
portion of the skin that is next to teeth (especially on the front of the lower jaw).
When removing tissue from the middle of the jaws be careful not to separate left
and right side.

After the processing of the jaws and removal of the remains of muscles and
connective tissues, wash jaws with a jet of fresh water and gently wipe try and
then blow dryer to dry for 5 - 10 minutes. Leave jaws, usually three to four days
to try completely (smaller species can be dried for 24 to 48 hours). When setting
the drying place, researcher should make the position in which he wants to prepare
jaws, it is usually accomplished by inserting a metal, wooden or glass rod between
the upper and lower jaw to open it. Once the jaws are placed for drying, avoid
touching until drying process is completed.

If its necessary, after drying, again to move jaws, soak them into hot water and
leave it for 15 to 30 minutes (be carefully that teeth do not fall of from jaws).
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