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Abstract
To overview this study, the otoliths (ear-stones or crystals) of four fish species were obtained to complete
this comparative morphological study. Thirty Narrow-barred Spanish mackerel (Scomberomorus
commerson), thirty Hard tail jack or blue runner fishes (Caranx crysos), twenty Round sardinella fishes
(Sardinella aurita) and twenty Common carp (Cyprinus carpio) fish species were used, where the earstones were extracted from the head of the fishes, prepared and examined anatomically. The results
revealed that, the topographic characters of four fish otoliths were nearly similar, that all of them were
rested on deep fossae on the floor of the cranial cavity just in front of foramen magnum. Significant
differences were observed in this work regarding the morphological characters among these stones in fish
species under investigation. We conclude that, size and shape of fish otolith might positively relate to its
size, weight and age and also, surprisingly, we noted that otolith shape nearly adapted to the external
outlines of each fish head. The figures were plotted and the obtained results were discussed with the
available literature.
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1. Introduction
The otolith (ear-stone or crystal) is one of the main structures of the internal ear in fishes, as
well as, these ear crystals play an important role as stato-acoustic organs which were related to
numerous sensory hair cells that connected with the semicircular canals of internal ear and
they were concerned with the processes of hearing, balance and equilibrium [1, 2]. The otoliths
were relatively heavy stones, lodged inside right and left deep fossae in the floor of cranial
cavity just lower to the brain in front the foramen magnum [1, 3]. The otoliths were not bony
structures while they were consisted of calcium carbonate crystals (CaCo3) [1-6]. During the
movement of the fish head, the otolith touch the cilia of the sensory hair cells which detect the
changes in balance and receive information to the semicircular canals to go to brain that send a
response regulate the balance of the fish body inside the water [2,7]. Also, regarding the
importance of the otolith for fisheries; [8, 9] mentioned that, there was a strong relationship
between fish-age and otolith mass, length and width. The aim of our work is to clarify the
morphological variations of the otoliths (Ear stones or crystals) in some marine and fresh
water fishes and their relations to fish size, weight and age.
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2. Materials and Methods
2.1 Animals
Thirty adult fishes of Narrow-barred Spanish mackerel (Scomberomorus commerson), thirty
Hard tail jack or blue runner (Caranx crysos), twenty Round sardinella (Sardinella aurita) and
twenty Common carp (Cyprinus carpio) fish species. Fishes were collected from different
culture ponds and fishes sales areas in Zagazig and Abo-hamad cities, Sharkia, Egypt, Africa.
Fishes were kept in deep freezing temperatures for further examinations.
2.2 Otolith and skull preparations
Step 1 (skull separation): Fish heads of every species were separated from the fish bodies after
weighting the entire fish of every species.
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The latter aimed to obtain skull of each one to describe the
bony boundaries of the species otoliths. Manual removal of
skin, gills and surrounding structures of fish skull by using
dissecting equipments: scalpel, forceps, toothed forceps,
scissors and plastic gloves. After that, fish skulls were
separated of for special cleaning.
Step 2 (Otolith and skull cleaning): All soft tissues as brain
were removed from the skull by filling the cranial cavity with
water through foramen magnum then shaking and refilling
until the cranial cavity was completely washed. Skulls were
soaked in hydrogen peroxide (H202) with a concentration of
2%-3% until bleaching process was occurred, then thoroughly
washed [10]. The bony roof of every skull was cut by using a
manual scissor to demonstrate the otoliths in its deep fossae of
right and left otoliths that situated on the bony floor of the
cranial cavity.

Fig 2: A photomicrograph of the skull of hard tail jack (red arrows
refers to the otolithic fossae)

2.3 Topographic and morphologic examination
Otoliths, skulls and their adult fishes were photographed
using digital camera 10 mega pixels then were edited and
labeled on Adobe Photoshop Cs4 version 9. The latter aimed
to declare the topographic and morphological characterizes of
each otolith and its location inside the bony floor of fish
skulls of differed species.
2.4 Magnification process
A magnification lens (X-4) was used to clarify the structure
and outer lines of these minute crystals.
2.5 Stereomicroscope examination
As well as, the light stereomicroscope (X-10) was used for
obtaining more details and clear figures. The results were
registered and discussed with those of the available literature.

Fig 3: A photomicrograph of the left otolith of hard tail jack (medial
view)

3. Results
3.1 Hard tail jack or blue runner adult fishes (Caranx
crysos)
The otolithic crystal of this fish had an oval shape with
sharply pointed anterior end (needle shape). It had two
surfaces, two borders and two extremities; the lateral surface
appeared smooth except at the crystal line appearance at its
dorsal border. The medial surface characterized by the
presence of a vascular furrow or groove which extends from
the posterior end till the base of the pointed anterior end. The
dorsal border was convex and serrated while the ventral one
appeared gently convex and smooth where it extended with
the needle shape anterior end. The anterior end was markedly
pointed having a needle projection while the posterior one
appeared rounded and convex. Fossa of each otolith appeared
as an elongated oval like depression on the floor of the cranial
cavity in front of foramen magnum representing the shape of
otolith (Figs; 1,2,3,4 and 5).

Fig 1: A photomicrograph of hard tail jack fish

Fig 4: A photomicrograph of the left otolith of hard tail jack
magnified by x15 stereomicroscope (medial view)

Fig 5: A schematic diagram of the right otolith of hard tail jack
(medial view)
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3.2 Narrow-barred Spanish mackerel (Scomberomorus
commerson)
The otolithic crystal of these fishes appeared as an elongated
quadrilateral thin plate with a wide posterior end and
narrower anterior end with three pointed projections,
moreover the middle one of them appeared longer and had a
needle shape. The dorsal border was concave while the
ventral one appeared straight. The medial surface was convex
and carried a vascular groove; in addition the lateral surface
was concave. Fossa of each otolith appeared as an elongated
slit like depression on the floor of the cranial cavity in front of
foramen magnum (Figs; 6,7,8,9 and 10).

Fig 9: A photomicrograph of the left otolith of Narrow-barred
Spanish mackerel magnified by x15 stereomicroscope (medial view)

Fig 6: A photomicrograph of Narrow-barred Spanish mackerel fish

Fig 10: A schematic diagram of the right otolith of Narrow-barred
Spanish mackerel (medial view)

Fig 7: A photomicrograph of the skull of Narrow-barred Spanish
mackerel (red arrows refers to the otolithic fossae)

3.3 Round sardinella (Sardinella aurita)
The ear stone of Round sardinella fish was small in size in
relation to the small size of this species. In general it had a
bifid shape where it was formed of two unequal parts
(completely fused), where the dorsal part appeared smaller
than the ventral one. The two surfaces were smooth; the
dorsal border was gently convex and smooth while the ventral
one was straight except for presence of a serrated middle
portion. The anterior end appeared pointed while the posterior
one was rounded. Fossa of each otolith appeared as a small
slit like depression at the floor of the cranial cavity (Figs;
11,12,13,14 and 15).

Fig 8: A photomicrograph of the left otolith of Narrow-barred
Spanish mackerel (medial view)

Fig 11: A photomicrograph of Round sardinella
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3.4 Common carp (Cyprinus carpio)
The otoliths in Common carp formed of two pairs; anterior
large one in addition to smaller posterior one. The anterior
pair (right and left otoliths) was lodged in the corresponding
fossae; each otolith had a quadrilateral or nearly circular
shape except for the wide right-angled notch which present
anteriorly. At the angle of this notch there was a very sharp
minute spinous process. The outer line of this otolith was
clearly serrated, the lateral surface appeared smooth while the
medial one was convex and carried a faint vascular groove.
The smaller otolith (posterior pair) of this species had a very
small or minute size in relation to the size and weight of the
individual, where it measured about 2mm length in a fish of
300 gm weight and located in a fossa at the posterior part of
cranial cavity on both sides of the exit of Foramen magnum. It
had a kidney (bean) shape with a clear notch on its ventral
border, while the dorsal border is smooth and convex. As well
as, the caudal border appeared rounded while the anterior one
was pointed. Also, its lateral surface was smooth; while the
medial one was smooth except for its posterior elevated end.
Fossa of anterior otolith appeared nearly rounded shallow
depression while the posterior fossa looked as small slit like
depression at the floor of the cranial cavity near foramen
magnum representing the shape of each otolith (Figs;
16,17,18,19,20,21,22 and 23).

Fig 12: A photomicrograph of the skull of Round sardinella (red
arrows refers to the otolithic fossae)

Fig 13: A photomicrograph of the left otolith of Round sardinella
(medial view)

Fig 16: A photomicrograph of Common carp fish

Fig 14: A photomicrograph of the left otolith of Round sardinella
magnified by x15 stereomicroscope (medial view)

Fig 17: A photomicrograph of the skull of Common carp (red arrows
refers to the anterior otolithic fossa, blue arrow refers to the caudal
one)

Fig 15: A schematic diagram of the right otolith of Round sardinella
(medial view)
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Fig 18: A photomicrograph of the right anterior otolith of Common
carp (medial view)

Fig 22: A schematic diagram of the right anterior otolith of Common
carp (medial view)

Fig 19: A photomicrograph of the right posterior otolith of Common
carp (medial view)
Fig 23: A schematic diagram of the right posterior otolith of
Common carp (medial view)

Fig 20: A photomicrograph of the right anterior otolith of Common
carp magnified by x15 stereomicroscope (medial view)

Fig 21: A photomicrograph of the left posterior otolith of Common
carp magnified by x15 stereomicroscope (medial view)

4. Discussion
Our findings about the marked differentiation in the shape of
the otoliths of the studied species were highly variable among
fish species; where their shapes ranging from a relatively
simple disc in some flat-fishes to irregular shape in the redfishes [11]. Indeed, we noted in this study that the lateral
surface of otoliths in four fishes was smooth. A vascular
groove or furrow (Sulcus acousticus) on the medial surface of
the otoliths has been observed [4].
The blue fin tuna had otoliths of elongated form in larger
fishes and squared in small ones [12], a result which was
completely differed from the present findings where the
otolithic shape was fixed in both small and larger individual
in the same species.
With regard to some fresh-water fishes, an oval, leaf-like
shape (oblong or flat shape) in addition to the serrated edge in
eel otolith, a result which came in a line with the present
research about the clear difference in the shape of otoliths in
the fish species under investigation. The latter author added
that, the shape and size of otoliths vary between fish species
and might be used as a good marker for fish identification [13].
In the same line, [14] explained that, the otolith shape may aid
in the identification of the species, the findings which could
be supported by the present study where each species under
investigation had a characteristic otolithic shape. Moreover,
the growth, shape and size of otoliths were strongly affected
by the environmental factors such as temperature, pressure, as
well as, the saturation of the carbonates, a result which not
employed here [15, 16].
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Notably, The otoliths of all fishes under investigation were
observed inside deep fossae in the cranial cavity just lower to
the brain where they were considered as a part of the main
compartments of the internal ear which was concerned with
the balance, hearing and equilibrium [1-6, 13, 17].
Concerning the determination of fish-age, the otoliths may be
used in this respect [13, 14]. Furthermore, [18] pointed out that,
this method could be used in marine fishes only but it was
rarely employed in fresh-water species, where the annual
rings could be counted on their scales. These statements not
used in the present study but the size of the otolith may give a
good indication about the weight and size of the examined
fish.
Surprisingly, one pair of the otoliths (right and left ones) in all
studied species was observed in the present study except for
two pairs were seen in the common carp fish, arranged in an
anterior and posterior position. A similar result was reported
by [1,5,6,12,19], while three otoliths (3 pairs) on each side of the
head inside the cranial cavity arranged in an anterior, middle
and posterior positions were recorded [4, 13, 20]. In addition, two
pairs of the otoliths were first observed in Salmon embryos,
while the third pair developed latter anterior to the first pairs
[20]
.
It is also interesting to note that the structure of these otoliths
not bony in their tecture, but they consist of precipitation of
calcium carbonate crystals (Caco3), this was in correlation
with [1, 4, 6, 17]. Moreover, the otoliths of Tilapia nilotica were
formed of calcium carbonate or calcareous crystals which
became more solid and relatively heavy structures. In
particular, the calcium carbonate crystals of teleost fishes
were solidified into a single mass to give the otoliths [5].
Generally, the four fish otoliths were lodged on deep fossae
on the floor of the cranial cavity just in front of foramen
magnum that indicated the similarity in their topographic
characters. We can note that all otoliths take the same shape
of its fossae in skull and also, right and left otoliths in the
same species are typically similar in its shape.
It is of great importance to know that the lateral surface of all
otoliths in four fishes was smooth while the medial one is
grooved, that may indicate the connection of the medial
surface with semicircular canals of internal ear.
The variations in the size and shape of otoliths in different
species might be used as an excellent mark for fish
identification (their age, weight and size).
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