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Abstract The current investigation represents the morpho-
logical description of the adaptation of gilthead sea bream
Sparus aurata to its environmental conditions. For the
achievement of this study twelve mature fishes were used
for gross, light and electron microscope examinations. The
cornea is consists of three layers; an anterior stratified cuboi-
dal epithelium, bowman layer, and a dermal stroma. A mucoid
layer located between the dermal stroma and the anterior part
of the scleral cornea, while the iridescent layer located be-
tween the anterior and the posterior scleral stroma. The retina
is composed of ten layers. There are two areas of the retina;
non-nervous and nervous. The non-nervous area is represent-
ed only by the thick pigmented epithelium layer. The retina
has both rod and cone photoreceptors. The cones are differen-
tiated into three types; single, double and triple cones. Rods
inner segments contain numerous mitochondria while that of
the cones has ellipsosomes. These ellipsosomes may function
in condensing light in the outer segment. There is a clear
correlation between ellipsosomes formation in the inner seg-
ment of cone and night condition.
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Introduction

The gilthead sea bream (Sparus aurata) is a fish of the bream
family Sparidae found in the Mediterranean Sea inhabiting
sea grass beds, rocky and sandy bottoms as well as in the
surface zone commonly to depths of about 30 m, but the adults
may occur to 150 m depth (Abecasis et al. 2008).
Furthermore, the gilthead sea bream (Sparus aurata) has an
economical importance in the Egyptian coasts of
Mediterranean Sea and the Bardawil fisheries.

Light and vision in the teleost fish are the most important
environmental factors affecting on many the vital activities of
fishes as; reproduction, migrations, swimming activities,
searching for food (De Busserolles et al. 2013; Schmitz and
Wainwright 2011). Teleosts fishes are the most common and
highly distributed vertebrae in all types of waters of different
qualities and at different depths, from the shallow well illumi-
nated light zone to the deepest low illumination or completely
dark zone.

Generally, the eye morphology reflects a general lifestyle
of all vertebrates (Ebrey and Koutalos 2001), the different
published articles on the fish eye reveal a high degree of di-
versity in their histomorphological and cytological characters,
especially of the light sensitive retina according to the envi-
ronmental conditions (El Bakary 2014; Fishelson et al. 2012;
Reckel et al. 2002). Many morphological studies noted that
the retina is highly adapted to have a good vision in the all
types of waters (Heb 2009), in which other studies observed
that there are many fishes were adapted to seeing in the
deepest and darkest part of the sea, while there are a special
group of fishes were adapted to seeing in the air (Nicol 1989).

From morphological published data about the fish eye, the
diurnal fish species spending their life near the water surface
have a well-developed retina, meanwhile the species of the
fish spending their life in the deepest regions are often limited
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to one or two spectral classes of cones (Ali 1975; Donatti and
Fanta 1999).

The main important aim of the current study is to demon-
strate the correlations between the fish feeding habits, envi-
ronmental living conditions and the morphological characters
of the eye. With the aid of the light and the electron micros-
copy this study may provide us important knowledge about
the visual structural adaptations of the eyes of Sparus aurata
in its habitat and represent preliminary study for other eco-
nomically important teleost fish. Morphological, macroscopic
and microscopic information about Sparus aurata eyes can
help in pathological evaluation of diseases and lesions.
Histological and ultrastructure studies often play an important
role to get these kinds of information.

Materials and methods
Samples

Twelve mature Fish of the gilthead sea bream (Sparus aurata)
were collected after catching from the Mediterranean Sea in
Damiett city, Egypt and transported in plastic aquariums to our
lab within 2 h to carry out the gross morphology, light micro-
scopic and scanning electron microscopic examinations. All
collected fishes were healthy and in good conditions without
any external deformities.

For gross morphological study

Five mature fishes were used to clarify the gross morpholog-
ical features. The eye was photographed by digital camera
(Cannon IXY 325, Japan).

For light microscopy

Four eyes were used in histological studies. The fish were
decapitated then their heads were immersed in 10% formalin
solution. Small specimens from the eye were taken in the fresh
state. The samples were fixed in 10% normal buffer formalin.
After 24 h, the samples were extensively transferred to 70%
alcohol. The tissue samples were then dehydrated in ascend-
ing graded series of ethanol, cleared in xylene and impregnat-
ed and embedded in paraffin wax. Sections of 5-7 um were
cut using Leica rotatory microtome (RM 2035) and mounted
on glass slides. Paraffin sections were used for conventional
staining (H&E). The histological techniques and stains were
adopted according to (Suvarna et al. 2013).

Transmission electron microscope study

Three eyes were used in histological studies. The retina was
cut into pieces of 1 mm®. The samples were immediately fixed
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in a 6% solution of phosphate-buffered glutaraldehyde,
pH 7.4, at 4 °C for 6 h McDowell and Trump 1976). After
initial fixation, tissues were washed in several changes of cold
(4 °C) 0.1 M phosphate buffer every 15 min for 2 h. samples
were then rapidly dehydrated through increasing concentra-
tions of ethanol, transferred to propylene oxide and placed
overnight in a 1:1 mixture of propylene oxide and epoxy
araldite (Hayat 1986). Semi-thin sections (I mm) were first
cut and stained with toluidine blue and viewed with light
microscopy. Ultrathin sections (60—100 mm) were then cut
by a glass knife with an L.K.B. microtome and stained with
uranyl acetate followed by lead citrate (Hayat 1986). The ul-
trathin sections were examined with a Jeol transmission elec-
tron microscope operating at 100 Kv. Faculty of Science,
Alexandria University.

Results

Macroscopically, the large round sized eyes in Sparus
aurata were found dorsolaterally on the rostral part of the
head (Fig. 1a).

The external (sclera-corneal) layer of the eye consisted of
the posteriorly situated sclera and anterior situated cornea. The

Fig. 1 View (a): represent the lateral view of the gilthead sea bream
(Sparus aurata) while View (b) represent the Light photomicrograph of
the cornea (C) to demonstrate; DC- dermal Cornea (epithelium + dermal
stroma), EP- epithelium, DS- dermal stroma, M- mucoid layer, SC-scleral
cornea, I- Iridescent layer, Po- posterior scleral stroma, An- anterior
scleral stroma
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cornea is the transparent part of the external layer and
consisted of three layers; an anterior stratified cuboidal epithe-
lium layer, the bowman layer which formed from connective
bundles, and a thick dermal stroma which consisted of layers
of fibers with stromal interfibrillar space and stromal swelling
(Fig. 1b). The sclera is white in color and consisted of a thick
connective tissue layer. There is a mucoid layer located be-
tween the dermal stroma and the anterior part of the scleral
cornea (Fig. 1b/DS, M and SC), in which the mucoid layer
consists of the loose connective tissue with the small bundles
of the collagen fibers and thin cells. Furthermore, there is a
layer named iridescent layer located between the anterior and
the posterior scleral stroma (Fig. 1b/I, Po and An) and this
layer is thin at the center while thick peripherally.

The retina is the photosensitive (inner sensory) layer of the
eye, which communicated by the optic nerve to the brain. The
morphological structure of the retina in the examined fish is
the same to that of other fishes. The retina is composed of ten
layers which arranged from the outer to the inner in the fol-
lowing sequence; pigmented epithelium, photoreceptor layer
of rods and cones, outer limiting membrane, outer nuclear
layer, outer plexiform layer, inner nuclear layer, inner plexi-
form layer, ganglion cell layer, nerve fiber layer and inner
limiting membrane (Fig. 2).

Fig.2 Light photomicrographs of a transverse section of the retina of the
gilthead sea bream (Sparus aurata) to show (View b is enlargement photo
to the black demarcated area in the View a): im- inner limiting membrane;
Ip- inner plexiform layer; IL- inner nuclear layer; OP- outer pexiform
layer; OL- outer nuclear layer; Ph- photoreceptor cell; Pe: pigment epi-
thelium; Go- ganglionic layer; ch- choroid plexus

There are two areas of the photosensitive retina; non-
nervous and nervous area, in addition to the inner limiting
membrane. The non-nervous layer is represented only by the
pigmented epithelium layer of the retina. This thick pigmented
epithelium layer consisted of a columnar epithelial cells con-
taining melanin, which absorb the light passing through the
photoreceptor layer of rods and cones (Fig. 2).

The nervous area of the photosensitive retina consisted of
the following layers; photoreceptor layer of rods and cones,
outer limiting membrane, outer and inner nuclear layer, outer
and inner plexiform layer, ganglion cell layer, nerve fiber layer
and inner limiting membrane (Fig. 2).

There are two types of the photoreceptor cells; rods and
cones which situated under the thick pigmented epithelium
layer. The retina of Sparus aurata possesses both rod and cone
photoreceptors. The cones are differentiated into several
types; single, double and triple cones (Fig. 3). The cones of
the investigated species are structures consisted of outer and
inner segments. The outer segments extended towards the
pigmented epithelia (Fig. 4a). The inner segments of cone
were characterized by ellipsosomes which are mitochondria
with disintegrated cristae. Ellipsosomes are numerous, dis-
persed in the apical and basal part of the inner segment and
contains a condensed pigment (Fig. 4a).

The rods are thin and long with uniform shape and size.
The inner segment of the rods contains numerous large round
mitochondria condensed in the apical part of the inner seg-
ment of the rods. The mitochondria of the rod cells are normal
in appearance and do not exhibit any degenerative changes
(Fig. 4b). Ultrastructurally, the outer segment of the rods is
slender and similar to that of the cones and reaches the pig-
ment epithelial cells and surrounded by its extensions. The
discs of the outer segment are surrounded by a double mem-
brane (Fig. 4c). Most of them are at the same diameter of the
outer segment and a few of them is shorter.

The outer nuclear layer was occupied by the nuclei of the
photoreceptor cells; cones (CON) and rods (RN). These nuclei

Fig. 3 Light photomicrograph of a transverse section of the retina layer
of the gilthead sea bream (Sparus aurata) to show: 1- Pigment epithelium
cell extensions; 2- outer segment of cones; 3- single long cone; 4- double
cone; 5- triple cone; 6- outer limiting membrane; 7- outer plexiform layer
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Fig. 4 View a: Transmission
electron micrograph of the outer
segments of cones (oc) to show:
cones ellipsoids (e) with
subsurface cisternae (arrows).
View b: Transmission electron
micrograph of the outer segment
of rods (ROS) and the inner
segments with circular
mitochondria (M). View ¢:
Enlarged transmission electron
micrograph of the outer segment
of photoreceptors showing the
connection between neighbor
cells (star) and the double
membrane (small arrow). View d:
Transmission electron

"~ 1000nm
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micrograph of the outer nuclear
layer of retina showing cone
(CON) and rod (RN) nuclei

adhere to the sclera side of the outer limiting. The rod nuclei
are elongated and opaque while, that of the cones is oval and
granulated (Fig. 4d). The cone nuclei were arranged in a single
layer, whereas rod nuclei were located in two or three layers.
This layer of rod and cone nuclei results in a thick outer nu-
clear layer.

The inner nuclear layer considered as a thick middle layer
of the retina to transmit impulses from the outer photorecep-
tors to the inner ganglionic neurons. The inner limiting mem-
brane was very thin and acts as a basement membrane and
consisted from a vascular layer interlocated between the axons
of the ganglionic cells and vitreous humorous filling the eye
ball.

Discussion

The aquatic vertebrate eyes have a good vision under the
water and tend to be myopic in the air, while the terrestrial
vertebrate eyes have good vision in air and tend to be hyper-
opic under the water (Jones et al. 2007; Katzir and Howland
2003). There are many factors were related with aquatic eye to
be maintain the high quality vision as; chromatic absorption of
light, temperature and underwater pressure, turbidity of water.
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The morphological adaptation of the teleosts visual system
according to the physical and spectral characteristics of the
aquatic environment makes vision under the water very dif-
ferent from the vision in the air. Teleosts species distributed in
different depths from shallow illuminated zones to a low illu-
minated depth so there are many adaptations of the morphol-
ogy of the eye to have good vision in the different condition
under the different quality water (Collin et al. 2009).

The different morphological appearance of the eyes of the
different fish-species are reflected in the shape, structures, and
their location on the head as noted in many published data
(Collin et al. 2009; El Bakary 2014; Schmitz and Motani
2010). Generally, it is well known that the fish species act in
the dark or deep water area or at night time is characterized by
the large eyes. The same results were found in the examined
fish (Sparus aurata), have a relatively round large sized
dorsolaterally located eye on the rostral part of the head that
shows some mobility to increase their vision field for swim-
ming and searching for their food, these results confirmed
with that reported by (Darwish et al. 2015; Schmitz and
Wainwright 2011), the large-sized eye presented to increase
the sensitivity to light.

In agreement with the previous published articles, the eye
of the teleost fish is consist of three layers; external, middle
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and internal layer (El Bakary 2014; Genten et al. 2009). The
external layer named as a sclera-corneal layer, which de-
scribed as having two parts: the anterior transparent cornea
and posterior opaque white sclera (Genten et al. 2009). The
inner layer is named photosensitive retina, in many species of
fishes is organized in ten different layers starting with the
pigment epithelium layer till the inner limiting membrane
(El Bakary 2014; Genten et al. 2009).

The histological examination of the cornea of Sparus
aurata agree with that described by (Collinl and Collin
1998) in the gadiform fishes, the cornea is formed from four
layer; dermal Cornea, dermal stroma, mucoid layer, scleral
cornea, Iridescent layer, posterior scleral stroma and anterior
scleral stroma, in which cornea is divided into three layers;
dermal Cornea and anterior and posterior scleral stroma.
Furthermore, the mucoid layer located between the dermal
stroma and the anterior part of the scleral cornea, while there
is a layer named iridescent layer located between the anterior
and the posterior scleral stroma as noted by (Collinl and Collin
1998) in the gadiform fishes. Histological investigation of the
cornea of Sparus aurata confirmed that the cornea is covered
by an anterior stratified cuboidal epithelium layer as noted in
Siganus javus (sadat Mansoori et al. 2014), M. cephalus (El
Bakary 2014), and Sardinella aurita (Salem 2016), but there
is a single cuboidal layer to a short columnar layer in aquatic
frog Xenopus laevis (Nakayama et al. 2015).

In the current study, the pigmented epithelium layer of
the retinal layer represented the non-nervous area. The cur-
rent study described this layer as a thick layer as the exam-
ined fish considered one of the bottom feeder fishes as not-
edinA. anguilla (Atta2013), M. cephalus (El1 Bakary 2014)
and S. gairdneri (Douglas 1982), also the similar observa-
tion was confirmed by this noted by (Arnolld 1977) that
layer thickness is attributable to the scarcity of the light in
the environment of these fish. Furthermore, (Salem 2016)
in S. aurita reported that the pigmented layer of retina oc-
cupy nearly one third of the retinal layer thickness. The
pigmented layer of photosensitive retina is exposed to in-
coming light; in case of dark condition by the rod cells
while in case of the light condition by the cone cells. This
fact is very important to enable fish to obtain their food
under the light and dark condition or even when occur sud-
den changes in weather conditions from light to dark or vice
versa (Donatti and Fanta 2002; El Bakary 2014).

The more fantastic feature is the number of photoreceptor
types, their arrangement and their density within the retinal
layer have an important correlation with the feeding habitat
and habit and the light directions (Reckel et al. 2001). There is
a relationship between the nature of the environment and the
fish photoreceptor either cone cells for photopic vision or rod
cells for scotopic vision. The present study described that, the
Sparus aurata have the photoreceptor cells is consists of rods
and cones which situated under the pigmented epithelium

layer as noted in many fish species as in cardinal fish
(Fishelson et al. 2004). In contrast (Atta 2013) in A. angullia
found that this layer is consists only from the rod cells, fur-
thermore in the same line, (El-Attar et al. 1999) noted the
presence of cone cells only in Alestes nurse meanwhile in
O. niloticus the photoreceptor layer is composed of cone cells
and rarely rod cells as it considered as mid-water and surface
dweller fish. Finally, according to (Brauer 1908), there is a
condition called the dark-retina adaptation, in which the ab-
sence of the cone cells correlated with the fishes life in the
water with depth more than 400 m.

In the present study, the density of rod cells in the retina is
higher and effective in the visual reactions searching for food
and avoiding predators as noted by (Fishelson et al. 2004) in
cardinal fish, this result confirmed that the fish species with
large eye having the highest number of the rod cells. In con-
trast, (Reckel et al. 2001) in garfish Belone belone reported
that high density of the cone is the common feature.

The present study observed that there three types of the
cone cells; single, double and triple. While, many authors
recorded also three types of cones; long single, short single
and double cone (Nag and Sur 1992; Salem 2016). Various
species of cardinal fish (Fishelson et al. 2004) reported that
there are three types of cone cells; single and two types of the
double cone cells.

The most characteristic feature of the eye of the examined
fish (Sparus aurata) was the presence of the ellipsosomes
which formed from the transformation of mitochondria in
the ellipsoids as reported by (Fishelson et al. 2004, 2012;
Nicol 1989). The cristae are disintegrated and the mitochon-
dria become more opaque. The transformed mitochondria act
as storage sites of cytochrome c for use of the outer segments
of the visual cells. The mitochondria of Sparus aurata cone
cells are involved in the production of ellipsosomes.
Transformation of numerous mitochondria into ellipsosomes
might reflect the importance of ultraviolet filtration from its
environment (Fishelson et al. 2004; Nicol 1989).

Compliance with ethical standards

Conlflict of interest None.

References

Abecasis D et al (2008) Ageing seabreams: a comparative study between
scales and otoliths. Fish Res 89:37-48

Ali M (1975) Retinomotor responses. In: Vision in fishes. Springer, New
York, pp 313-355

Arnolld GK (1977) Chordate structure and function, second edn.
MacMillan Publishing Co., New York

Atta K (2013) Morphological, anatomical and histological studies on the
olfactory organs and eyes of teleost fish: Anguilla anguilla in rela-
tion to its feeding habits. J Basic Appl Zool 66:101-108

@ Springer



262

Vet Res Commun (2017) 41:257-262

Brauer A (1908) Die Tiefseefische. Wi,ss Ergebn. dt. Tiefsee-Exped.
'Valdivia', 15, 2. Anat. Teil. Anat Teil

Collin SP, Davies WL, Hart NS, Hunt DM (2009) The evolution of early
vertebrate photoreceptors. Philos Trans R Soc Lond Ser B Biol Sci
364:2925-2940

Collinl SP, Collin HB (1998) The deep-sea teleost cornea: a comparative
study of gadiform fishes. Histol Histopathol 13:325-336

Darwish ST, Mohalal ME, Helal MM, El-Sayyad HI (2015) Structural
and functional analysis of ocular regions of five marine teleost fishes
(Hippocampus hippocampus, Sardina pilchardus, Gobius niger,
Mullus barbatus & Solea solea). Egypt J Basic Appl Sci 2:159-166

De Busserolles F, Fitzpatrick JL, Paxton JR, Marshall NJ, Collin SP
(2013) Eye-Size Variability in Deep-Sea Lanternfishes
(Myctophidae): an ecological and phylogenetic study. PLoS One
8(3):¢58519

Donatti L, Fanta E (1999) Morphology of the retina in the freshwater fish
Metynnis roosevelti Eigenmann (Characidae, Serrasalminae) and the
effects of monochromatic red light. Rev Bras Zootec 16:151-173

Donatti L, Fanta E (2002) Influence of photoperiod on visual prey
detection in the Antarctic fish Notothenia neglecta. Antarct Sci
14:146-150

Douglas R (1982) The function of photomechanical movements in the
retina of the rainbow trout (Salmo gairdneri). J Exp Biol 96:389—403

Ebrey T, Koutalos Y (2001) Vertebrate photoreceptors. Prog Retin Eye
Res 20:49-94

El Bakary NESR (2014) Visual adaptations of the eye of Mugil cephalus
(Flathead mullet). World Appl Sci J 30:1090-1094

El-Attar A, Al-Zahby S, Atta K (1999) Comparative histological and
biometric studies on the Olfactory organs and eyes of differently
feeding fishes. Alestes nures, Oreochromis niloticus and Bargrus
bayad. J Egypt Ger Soc Zool 28:29-52

Fishelson L, Ayalon G, Zverdling A, Holzman R (2004) Comparative
morphology of the eye (with particular attention to the retina) in
various species of cardinal fish (Apogonidae, Teleostei). Anat Rec
A: Discov Mol Cell Evol Biol 277:249-261

Fishelson L, Delarea Y, Goren M (2012) Comparative morphology and
cytology of the eye, with particular reference to the retina, in lizard
fishes (Synodontidae, Teleostei). Acta Zool (Stockholm) 93:68—79

Genten F, Terwinghe E, Danguy A (2009) Atlas of fish histology. Science
Publishers, Hauppauge

@ Springer

Hayat M (1986) Basic techniques for transmission electron microscopy,
2nd edn. Academic Press, Baltimore

Heb M (2009) Triple cones in the retina of three anchovy species:
Engraulis encrasicolus, Cetengraulis mysticeus and Anchovia
macrolepidota (Engraulidae, Teleostei). Vis Res 49:1569-1582

Jones MP, Pierce KE, Ward D (2007) Avian vision: a review of form and
function with special consideration to birds of prey. J Exot Pet Med
16:69-87

Katzir G, Howland HC (2003) Corneal power and underwater accommo-
dation in great cormorants (Phalacrocorax carbo sinensis). J Exp
Biol 206:833-841

McDowell E, Trump B (1976) Histologic fixatives suitable for diagnostic
light and electron microscopy. Arch Pathol Lab Med 100:405-414

Nag T, Sur R (1992) Cones in the retina of the catfish, Clarias batrachus
(L.) J Fish Biol 40:967-969

Nakayama T et al (2015) Xenopus pax6 mutants affect eye development
and other organ systems, and have phenotypic similarities to human
aniridia patients. Dev Biol 408:328-344

Nicol JAC (1989) The eyes of fishes. Clarendon, Oxford

Reckel F, Melzer RR, Smola U (2001) Outer retinal fine structure of the
garfish Belone belone (L.)(Belonidae, Teleostei) during light and
dark adaptation—photoreceptors, cone patterns and densities. Acta
Zool 82:89-105

Reckel F, Melzer RR, Parry JWL, Bowmaker JK (2002) The retina of five
atherinomorph teleosts: photoreceptors, patterns and spectral sensi-
tivities. Brain Behav Evol 60:249-264

sadat Mansoori F, Sattari A, Kheirandish R, Asli M (2014) A histological
study of'the outer layer of rabbit fish (Siganus javus) eye. Comp Clin
Pathol 23:125-128

Salem MA (2016) Structure and function of the retinal pigment epitheli-
um, photoreceptors and cornea in the eye of Sardinella aurita
(Clupeidae, Teleostei). J Basic Appl Zool 75:1-12

Schmitz L, Motani R (2010) Morphological differences between eyeballs
of nocturnal and diurnal amniotes revisited from optical perspectives
of visual environment. Vis Res 50:936-946

Schmitz L, Wainwright PC (2011) Nocturnality constrains morphological
and functional diversity in the eyes of reef fishes. Evol Biol 11:338

Suvarna SK, Layton C, Bancroft JD (2013) Bancroft's theory and practice
of histological techniques, expert consult: online and print, 7:
Bancroft's theory and practice of histological techniques. Churchill
Livingstone Elsevier, London



	Visual adaptations of the eye of the gilthead sea bream (Sparus aurata)
	Abstract
	Introduction
	Materials and methods
	Samples
	For gross morphological study
	For light microscopy
	Transmission electron microscope study

	Results
	Discussion
	References


