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ARTICLE INFO ABSTRACT

Article History The present work aims to study the histological structures of the lips
Received:25/1/2017 and buccopharyngeal cavity in both the omnivorous fish, Clarias
Accepted:15/3/2017 gariepinus, and the carnivorous fish, Bagrus bajad. For this purpose, 20

specimens of the two species were collected from the River Nile at Bahr
Keywords: Shebeen Canal at Shebeen-Alkoom city, Al-Menoufiya governorate,
Nile Siluriformes Egypt. Results revealed that the lips of the two species are made up of the
Clarias gariepinus two layers; the epidermal and dermal. The epidermis composed of
Bagrus bajad stratified mixed epithelium contained the undifferentiated epithelial cells,
Lips mucous cells, wandering cells and taste buds. The mucous cells are oval in
Buccopharyngeal cavity shape and numerous in numbers with greater diversity in size and forms.
Egypt The taste buds in the lips of C. gariepinus are greater in number than in

Bagrus bajad. The dermis is formed of connective tissue rich in
melanophores. The wall of the buccopharyngeal cavity of C.gariepinus and
B. bajad were consists mainly of mucosa and submucosa and in some
places of a third layer, the muscularis. Mucous cells are found within all
parts of the epithelial mucosa with various shapes and sizes. Mucous-
secreting cells, club cells and giant cells were highly abundant, forming the
dominant feature in the epithelial layer. Such structures may be
necessitated for lubrication of coarse food particles normally ingested.

INTRODUCTION

Siluriformes have the common name of Catfishes. They are known by this name
because of the presence of barbels around their mouth, that look like the whiskers that
surrounding the mouth of cats. The number of these barbels reaches to four pairs. It
have a wonderfully diverse with over 3400 valid species comprising approximately
437 genera, 37 families and represent about 32% of all freshwater fishes, 10.8% of all
fishes and 5.5% of all vertebrates (Jayaram, 2010 and Armbruster, 2011). Siluriformes
have economically importance with high nutritive value and living both in marine and
freshwater (Shehata, 1979; Jayaram, 2010 and Francis et al., 2014).

Clarias gariepinus is one of the species belong to family Clariidae. The latter
consist of fifteen genera, 12 endemic to Africa and two endemic to Asia, comprising a
total of 93 species. This omnivorous fish has a widespread throughout tropical Africa
and Asia (Shehata, 1979 and Nguyen & Janssen, 2002) due to fast growth rate, high
stocking-density capacities, high consumer acceptability and high resistance to poor
water quality and oxygen depletion (Shehata, 1979; Adewolu et al., 2008; Akinwole
& Faturoti, 2007 and Karami et al., 2010). Because it is a prominent culture species
(Adeyemo, 2008), the African Catfish has been used in many fundamental
experimental researches (Sayed et al., 2011).
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Bagrus bajad is a Dbenthic
carnivorous feeder (bottom feeder) with
high commercially importance (Malami
& Magawata, 2010; Alhassan & Ansu-
Darko, 2011 and El-Drawany & Elnagar,
2015) follow to the family Bagridae it
was represented by thirty (30) genera and
two hundred and ten (210) species.
Bagridae commonly found throughout
fresh- and brackish-water in Asia and
Africa and only one genus, Bagrus, is
endemic to Africa (Mo, 1991; Zaki et al.,
1994; Ferraris, 2007; Armbruster, 2011
and Ng & Kottelat, 2013).

The adaptations of the digestive
organs of the fish to their normal diet are
particularly evident in the form, size,
structure, abundance and limitation of the
microscopically  elements such as
dentition, mucous cells, taste buds,
digestive glands and muscular coat in the
esophagus, stomach, intestine and pyloric
caeca. All of these features are subject to
diverse and significant variations and
much modification in accordance with
the feeding habits (Dasgupta, 2000 and
Khalaf-Allah, 2009).

Several studies are available on the
histological structures of the alimentary
canal of omnivorous fish, Clarias
gariepinus (Shehata, 1979; Zaki et al.,
1994; Gamal et al., 2012; Aliyu and
Solomon, 2012; Awaad €t al., 2014 and
Abou- Zaid, 2014) and carnivorous fish,
Bagrus bajad (El-Naffar, 1967; Zaki,
1978; Khallaf & Alne-na-ei, 1987 and
Mohamed & Awad Elseed, 2014).
However, information on the description
of morphological and histological
adaptations of  the lips and
buccopharyngeal cavity of C. gariepinus
and B. bajad according to food and
feeding habits are very rare (Hussein,
2004).

Both the lips and buccopharyngeal
cavity of the fish represents a specific
variation of their morphology and
histology which correlated with feeding
habit, diet, body shape and also with the

environmental  conditions or  eco-
morphology (Shehata, 1982; Winemiller
& Kelso-Winemiller, 1996; Bone &
Moore, 2008 and Khalaf Allah, 2009).
Therefore, the present study aimed to
provide comparative description on the
histological adaptations of the lips and
buccopharyngeal cavity of C. gariepinus
and B. bajad at Bahr Shebeen Canal, Al-
Menoufiya governorate, Egypt according
to its food and feeding habits to
understanding the related functional
mechanism of fish digestion and feeding
strategy.

MATERIAL AND METHODS:

A total of 20 specimens; 10 of
Clarias gariepinus and 10 of Bagrus
Bajad formed the material for the present
study. Fish specimens were collected by
irregular visitors from different localities
of Bahr Shebeen Canal at Shebeen-
Alkoom city, Al-Menoufiya governorate,
Egypt (Fig. 1); during the period from
September, 2014 to May, 2015.

Trammel net was the main fishing
method used to collect the fish (Latif,
1974). Wherever possible formed the
material for the present study fish were
examined fresh or preserved in 10%
formalin solution for latter examination.
In the laboratory, fish were taxonomically
identified according to Boulenger (1907)
and Sandon (1950). Total and standard
lengths were measured to the nearest

millimeters and recorded then the
following studies were carried out.

For histological studies, small
pieces (5 mm) of lips and

buccopharyngeal cavity of C. gariepinus
and B. bajad were removed from the
dissected specimens and immediately
fixed in alcoholic Bouin's fluid for at
least 48 hours, dehydrated in ascending
concentrations of ethyl alcohol, cleared
in xylene and embedded in paraplast wax
(M.P.: 58°C). Transverse sections were
cut at the thickness of 4-6 um, stained
with Harris's haematoxylin and eosin
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(Humason,  1979),  microscopically
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examined, photographed and described.
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Fig. 1: Map of the Rive Nile showing the location of Bahr Shebeen Canal.

RESULTS
Lips:

Histologically, the lips in the two
species are composed of two layers
namely epidermis and dermis. In C.
gariepinus, the lip is made up of
stratified mixed epithelium in which
different elements are found. These
elements contained the undifferentiated
epithelial cells, mucous cells, wandering
cells and taste buds. The undifferentiated
epithelial cells are arranged in several
layers, the inner-most layers is the
Malpighian layer, which is formed of
elongated vertical cells resting on and
fixed to the basement membrane with
few processes. The majority of these
cells pass more or less pointed apices
directed outwards, with the large oval
nuclei occupying the centers of the cells.
Two or three layers of elongated
polygonal cells, with oval nuclei, follow.
The upper-most layers of the epidermis
formed of cells with large oval nuclei
(Plate 1A). The mucous cells are oval in
shape and numerous in numbers with
greater diversity in size and forms. They
are much more concentrated in the upper
layers than in the middle and lower ones
of the epidermis. The type found near
surface is rounded in shape. The crescent
nuclei are housed in a cytoplasmic basal
process (Plate 1C). Wandering cells

(Iymphocytes) are small-rounded-cells,
with large nuclei. They are concentrated
in the spaces between the Malpighian
layer and the basement membrane (Plate
1E). Taste buds are numerous and much
more concentrated on the papillae of the
lips. Each taste bud consists of usual
pear-shaped groups of numerous sensory
cells supported by a number of small
sustentacular cells and surrounded by a
mantase of epithelial cells. The sensory
cells have thread like processes extended
into pit-like depressions on the outer
layers of the stratified epithelium (Plate
1C).

The dermis is composed of ill-
defined layer. The outer part is formed of
dense wavy fibrous connective tissue rich
in melanophores and running
transversely with some vertical strands.
The inner part is composed of loose
connective tissue in the form of thick
bands branching in all directions in the
dermis. The lips of C. gariepinus are
wavy in appearance at the base of which
the thickness of epidermis increased
(Plate 1A, C&E).

In B. bajad, however, the lip is
comparatively thick and composed of
stratified mixed epithelium in which the
undifferentiated epithelial cells, mucous
cells, wandering cells and taste buds are
met with. Several layers are arranged and
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represented the undifferentiated epithelial
cells, the inner-most layers are resting on
and fixed to the stratum compactum of
the basement membrane. The majority of
these cells pass more or less pointed
apices, directed outwards, with the large
oval nuclei occupying the centers of the
cells. The inner-most layers followed by
two or three layers of elongated
polygonal cells with oval nuclei. The
cells with large oval nuclei formed the
upper-most layers of the epidermis (Plate
1B&D). The mucous cells are numerous
with diversity in size and forms but the
almost is oval in shape. They are much
more concentrated in the upper layers
than in the middle and lower ones (Plate
1D).Wandering cells are represented by
small-rounded-cells with large nuclei.
They are highly abundant in the spaces
between the lower layers of the
undifferentiated epithelial cells and the
stratum compactum of the basement
membrane (Plate 1F). Taste buds are few
in number, pear in shape, and are located
on the apices of elevated dermal papillae.
Taste buds had two kinds of cells; the
inner or sensory cells and the outer or
nutritive cells while the latter type is
characterized by having elongated nuclei;
the former type is long and narrow with
long protoplasmic processes towards the
surface of the epithelium (Plate 1F).

The dermal layer composed of ill-
defined layer. The outer part is formed of
dense wavy fibrous connective tissue,
poor in chromatophores and running
transversely with some vertical strands.
The inner part is composed of loose
connective tissue (Plate 1B, D&F).

The buccopharyngeal cavity:

Results showed that, the buccal
cavity of C. gariepinus and B. bajad
extends from the lips to the first gill slits
or to the anterior pharynx. The roof of
the buccal cavity is slightly convex,
while the floor is relatively elevated. The
pharyngeal cavity of the two species
studied can be divided into the anterior
and posterior regions. The wall of the

anterior region is laterally perforated by
the gill clefts and is mainly concerned
with the respiratory and gustatory
functions. The posterior region, however,
is mainly concerned with mastication.
Histologically, in C. gariepinus, the
roof and the floor of the buccopharyngeal
cavity consists mainly of mucosa and
submucosa and in some places of a third
layer, the muscularis. The epithelial folds
are of irregular in shape, being broad
flattened towards the lumen. The mucosa
is formed of comparatively thick
stratified epithelium resting on the
basement membrane. The thickness of
the submucosa is changes from one place
of the buccal cavity to the other (Plate
2A). The stratified epithelial layer of the
buccopharyngeal cavity composed of
undifferentiated epithelial cells; mucous

cells; club cells; taste buds and
wandering  cells  (Plate 2A&C).
Undifferentiated epithelial cells are

presented almost everywhere around the
taste buds and mucous cells as well as in
the basal layer of the epithelium. The
basic layer of the epidermis consists of
one row of columnar epithelial cells.
This layer is followed by two or three
layers of polygonal cells followed by 3-5
layers. Between the latter layers and the
basal layers, the club cells are crowded
together. The columnar epithelial cells
rested on a basement membrane which is
composed of a thin fibrous layer attached
to the stratum compactum which is in
turn formed at wavy fibrous layer (Plate
2A&0).

Mucous secreting cells are found
within all parts of the epithelial mucosa
with various shapes and sizes. The
mucous cells which lie near the surface
of the epithelium are oval or spherical in
shape with their long axis perpendicular
to the surface, while in the middle, these
cells are larger in size and take the flask
shape (Plate 2A&C).

The club cells are confined to the
deeper epithelial layers touching their
rounded heads with the layers of
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flattened epithelium. They are arranged
in several layers with the youngest layer,
close to the Malpighian layer, being oval
in shape with different sizes. The
cytoplasm of the «club cells is
homogeneous and stained faint red with
the haematoxylin and eosin. However,
some of the club cells are vacuolated
with two or three oval nuclei in the
central region (Plate 2A&C).

Few taste buds are found in the
mucosa of the buccal cavity of C.
gariepinus similar to those found in the
lips. Two types of wandering cells are
found in the mucosal layer of the
buccopharyngeal cavity. The granular
wandering cells are observed among the
epithelial cells while some lymphocytes
are found in the surrounding area of the
basement membrane (Plate 2A&C).

The submucosa, which is richly
supplied with blood vessels, is made up
of loose connective tissue fibres parallel
to each other along the extending
basement membrane and become
separated by the wvertical strands of
muscle fibres. The muscularis, if present,
consists of very heavy and coarsely
striated muscle fibers (Plate 2A&C).

The wall of the buccopharyngeal
cavity of B. bajad is made up of two
layers namely mucosa and submucosa; in
some places of a third layer, the
muscularis. The mucosa consists of
stratified epithelium which resting on the
stratum compactum of the basement
membrane. The thickness of submucosa
changes from one place to the other
(Plate 2B&D).

Different epithelial cells were
observed in the mucosal layer of the
buccopharyngeal cavity. These cells are
undifferentiated epithelial cells; mucous
cells; club cells; giant cells; taste buds
and wandering cells (Plate 2B&D).

The mucosa is made up of several
layers of undifferentiated epithelial cells;
the number of these layers varied
between 5 and 7 layers. The
undifferentiated epithelial cells varied in

shape and size. The stratum compactum
formed at the wavy homogeneous fibrous
layer with varying thicknesses. The
nuclei stained deeply blue with
haematoxylin (Fig. 25). Posteriorly, the
stratum germinativum becomes thicker
and the mucosal folds are more abundant
(Plate 2B&D).

The Mucous cells near the surface
of the epithelium are more or less oval or
spherical in shape and vary in size; their
axis appears perpendicular to the surface.
Some cells opened on the free surface of
the mucosa where the secretion is poured
out (Plate 2B&D). Posteriorly towards
the esophagus, the mucous cells greatly
increased in number, forming numerous
mucous-secreting layers. Such cells
tended to become concentrated along the
sides of the mucosal folds (Plate 2B&D).

The club cells are arranged in
several layers; the youngest layer, close
to the stratum compactum, is different in
shape and size. The cytoplasm of the club
cells is homogeneous and stained red
with the haematoxylin and eosin. Such
club cells had oval nuclei in the central
region (Fig. 25). Posteriorly, towards the
esophagus, one or more layers of
polygonal club cells are distributed
among the stratified epithelial cells (Plate
2B&D).

The giant cells were observed
below the mucous secreting layers,
among the club cells, which acquired
either an oval or spherical shapes. The
size of each giant cell is about three or
four times that of the mucous secreting
cell. The compound nucleus is central
with a definite nuclear wall. The latter
cell had faint chromatin and one
nucleolus (Plate 2B&D).

Taste buds particularly occurred in
the anterior part of the buccopharyngeal
cavity, in the pads and over the gills. The
wandering cells are found in the mucosal
layer of the buccopharyngeal -cavity
among the undifferentiated epithelial
cells and the surrounding area of the
stratum compactum of the basement
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membrane. Posteriorly, however, the
wandering cells are numerous and more
crowded at the vicinity of the basement
membrane (Plate 2B&D).

Beneath the mucosa, there is a
well-developed stratum compactum. The
thickness of submucosa is nearly similar
to that of mucosal layer. Most of the
fibers that form the stratum compactum
run parallel to the free surface of mucosa.
Some patches, however, run
perpendicular to the latter surface and
therefore form a strong support to the
mucosal layer. The submucosa supplied
with blood vessels in the fibrous
connective tissue (Plate 2B & D).
Posteriorly, submucosa is made up of
collagenous connective tissue. Such
structure, this tissue is characterized by
the presence of dense bundles of
longitudinal muscle fibers, stained deeply
red with haematoxylin-eosin  and
dispersed in all directions. In some places
however, it appears as a zigzag-shape
tissue extending parallel to the basement
membrane. The muscularis, if present,
consists of very heavy and coarsely
striated muscle fibers (Plate 2B & D).
The teeth in buccopharyngeal cavity of
C. gariepinus and B. bajad:

The epithelium of the horny pad
teeth is differentiated into; the basal zone
which is composed of a single layer of
the columnar cells resting on the
basement membrane. The middle zone is
is made up of various layers of polygonal
cells. The superficial zone is also formed
of several layers, the outermost of which
is very irregular and is termed the
stratum  compactum.  During  the
development of the teeth, the epithelium
become thicker and extends down
through the submucosal layer, forming
the dental ridge. The enamel organ is
composed of the cup-shaped dental ridge.
The mesenchymal tissues fill the pulp of
the cavity formed the dental papillae. The
inner layer of the enamel is composed of
columnar cells while the outer layer is
formed of the cubic cells. The enamel

cells secrete the dentine to the outside
while the superficial mesenchymal cells
of the dental papillae is formed of
columnar cells; the  odonoblasts
responsible for the formation of the
dentine remain in the central
mesenchymatous cells of the pulp cavity
even after the completion of development
(Plate 2E & F).

DISCUSSION

The lip of C.gariepinus and B.
bajad is made up of two layers; the
epidermis and the dermis. The epidermis
of lips is composed of stratified mixed
epithelium, contained the
undifferentiated epithelial cells, mucous
cells, wandering cells and taste buds. The
mucous cells are oval in shape and
numerous in numbers with greater
diversity in size and forms. Taste buds
are numerous and much more found on
the papillae of the lips. The outer layer is
formed of dense wavy fibrous connective
tissue richly supplied with melanophores
and running transversely with some
vertical strands. The inner part is
composed of loose connective tissue in
the form of thick bands branching in all
directions in the dermis. Results are
similar observation were detected by
many authors including Shehata (1979 &
1997a); Albattal (2002) and Khalaf-Allah
(2009).

Among the teleost fishes, the lips
perform immense plasticity and structural
adaptability for the exploitation of the
diverse food items (Horn, 1998 and Dey
et al., 2015). The lips of the fishes could
contribute in accurate localization,
capture, deglutition and pre-digestive
preparation of food by triggering the
pick-up reflex in analogy with the barbels
of some fishes (Northcutt, 2004).

In most vertebrates the sense of
taste buds are used as a close range
receptor for food item discrimination.
Fish are unique among vertebrates in
having taste buds widely distributed over
the various regions (Tripathi & Mittal,
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2010). The present study indicated that,
the taste buds in the lips of C. gariepinus
are greater in number than in Bagrus
bajad. The distribution of TBs is
reflection of the feeding behavior and the
habitat in which the fish live can
interpreted TBs on lips which is an active
carnivorous fish having well developed
eye. These results were agreed with
(Pasha, 1964; Vina et al., 2013 and
Abou- Zaid, 2014).

The level of taste system
development in fish has previously been
linked to the degree of benthic

association of the fish, light level and
water clearness of its habitat (Fishelson
& Delarea, 2004; Franz-Odendaal &
Hall, 2006; Bailey et al., 2007).
Variations in number, nature and
distribution of the taste buds in the fore
gut appear to be related for changes in
feeding habits. In the fish feeding by
sight, taste buds have been reported to
rare or absent; a few taste buds are
present in those which feed by sight and
taste; while in fish feeding by tasting
abundant, taste buds are found (Shehata,
1997a; Albattal, 2002 and Khalaf-Allah,
2009).

At the light of these observations;
omnivorous fish, C. gariepinus and
carnivorous fish, B. bajad were bottom
feeder. They feed by sight and taste
buds. They can be distinguishing
between the desirable and the undesirable
food. The eyes and taste buds appear to
play an important role in selection and
orientation towards the food. Similar
observations were observed by many
authors notably Shehata (1994); De
Bruin et al., (1995); Argyris (2005);
Oliveira et al., (2007) and Khalaf-Allah,
(2009). The abundance of taste buds in
the fore gut of these fishes is rather to be
correlated with the way in which the fish
scores its food rather than with the nature
of its diet. These results agree with the
findings of Shehata (1982 & 1999);
Agamy et al., (1992); Kamel et al.,
(1995) and Mai et al., (2005).

In the present study, the
buccopharyngeal cavity of C. gariepinus
and B. bajad consists mainly of mucosa
and submucosa and in some places of a
third layer, the muscularis. Mucous cells
are found within all parts of the epithelial
mucosa with various shapes and sizes.
Mucous-secreting cells, club cells and
giant cells were highly abundant, forming
the dominant feature in the epithelial
layer. This may be necessitated for
lubrication of coarse food particles
normally ingested. The present study is
quite similar to the same results detected
in C. gariepinus (Shehata, 1979; Zaki et
al., 1994; Gamal et al., 2012; Ikpegbu et
al., 2012 & 2013) and in B. bajad (El-
Naffar, 1967; Zaki, 1978, Khallaf &
Alne-na-ei, 1987; Hussein, 2004 and
Mohamed & Awad Elseed, 2014).

REFERENCES
Abou-Zaid, D. F. A. (2014):: A
comparative  study  of  the

distribution and morphology of the
external taste buds in the Siluroid
fishes, Malupterus electricus and
Clarias lazera.  International
Journal of Advanced Research, 2
(5): 1083 — 1095.

Adewolu, M. A., Adeniji, C. A. and
Adejobi, A. B. (2008): Feed
utilization, growth and survival of
Clarias gariepinus (Burchell 1822)
fingerlings cultured under different
photoperiods. Aquaculture, 283: 64
- 67.

Adeyemo, O. K. (2008): Histological
alternations observed in the gills
and ovaries of Clarias gariepinus

exposed to environmentally
relevant  lead  concentrations.
Journal of Environmental health,
70 (9): 48 - 51.

Agamy, E. .; Soliman, F. M. and Lashin,
F. E. (1992): Development of the
digestive tube of the freshwater
teleost, Gambusia affinis
holbrookii. IV- Intestine. J. Egypt.
Ger. Soc. Zool., 8 (B): 523 — 558.



28 Sabry M. A. Shehata et al.

Akinwole, A. O. and Faturoti, E. O.
(2007): Biological performance of
African Catfish (Clarias
gariepinus) cultured in
recirculating system in Ibadan.
Aquaculture Engineering, 36: 18 —
23.

Albattal, A. A. E. (2002): Biological
studies on the reproduction of Lates
niloticus. M. Sc. Thesis, Zool.
Dep., Fac. Sci., Al-Azhar
University Cairo, pp 294.

Alhassan, E. H. and Ansu-Darko, M.
(2011): Food and feeding habits of
a potential aquaculture candidate,
the black Nile Catfish, Bagrus
bajad in the Golinga Reservoir.
Australian Journal of Basic and
Applied Sciences, 5 (5): 354 - 359.

Aliyu, M. D. and Solomon, R. G. (2012):
The intestina parasite of Clarias
gariepinus found at Lower Usman
Dam, Abuja. Researcher, 4 (9): 38
—44.

Argyris, K. (2005): Age, growth,
mortality, reproduction and feeding
habits of the striped sea bream,
Lithognathus mormyrus (pisces:
Sparidae) in the coastal waters of
the Thracian Sea, Greece. Scientia
Marina., 69 (3): 391 - 404.

Armbruster, J. W. (2011): Global Catfish
biodiversity. American fisheries
society symposium, 77: 15 — 37.

Awaad, A. S., Moawad, U. K., and
Tawfiek, M. G. (2014):
Comparative  histomorphological
and histochemical studies on the
oesophagus of Nile tilapia,
Oreochromis niloticus and African
Catfish, Clarias gariepinus. Journal
of Histology, (10 November): 1 —
10.

Bailey, D. M.; Wagnerc, H.; Jamiesona,
A. J.; Rossa, M. F. and Priedea, L.
G. (2007): A taste of the deep-sea:
The roles of gustatory and tactile
searching behavior in the grenadier
fish, Coryphaenoides armatus.
Deep Sea Res., I (54): 99 — 108.

Bone, Q. and Moore, R. H. (2008):
Biology of fishes.3™ edition,
Taylor and Francis Group, UK, Pp:
478.

Boulenger, G. A. (1907): The fishes of
the Nile. (This forms part of
Anderson's  Zoology of Egypt,
published for the egyptian
government by Hugh Ress).
London, S.W 2 vols., 53, 276pp.

Dasgupta, M. (2000): Adaptation of the
alimentary tract to feeding habits in
four species of fish of the genus
Channa. Indian J. Fish., 47 (3): 265
—2609.

De Bruin, G. H. P.; Russell, B. C. and

Bogusch, A. (1995): FAO species

identification  field-guide for

fishery purposes. The marine
fishery resources of Sri Lanka.

FAO, Rome, Italy, Pp: 400.

S.; Kamales, K. and Misra, H.

(2015): Distribution of gustatory

system in the lips of spotted

snakehead, Channa  punctatus

(Bloch 1793) and spiny eel,

Mastacembelus pancalus (Hamilton

1822) from India. World Journal of

Fish and Marine Sciences, 7 (4):

247 - 262.

Mohamed and Awad Elseed (2014):
Morphological revision of the Nile
Catfish Bagrus bayad (Forsskal,
1775) and Bagrus docmac
(Forsskal, 1775) (Pisces: Bagridae).
Journal of aquatic Biology &
Fisheries, 2 (1): 105 —114.

El-Drawany, M. A. and Elnagar, W. G.
(2015): Growth, food and feeding
habits of Bagrus bayad and Bagrus
docmac inhibiting Muess channel,
Sharkia province, Egypt. Journal of
Research and Development, 6 (7):
348pp.

El-Naffar, M. Kh. (1967): A special topic
in the biology of the fishes "Studies
on the morphology and biology of
the Siluroid fish, Bagrus bayad
Forskal 1775". M. Sc. Thesis,

Dey,



Functional anatomy of the lips and buccopharyngeal cavity of Siluroid fishes Clarias gariepinus 29

Zool. Dep., Fac. Sci., Al-Azhar
University Assiut, pp 128.

Ferraris, Jr. C. J. (2007): Checklist of
Catfishes, recent and fossil
(Osteichthyes: Siluriformes), and
catalogue of siluriform primary
types. Zootaxa, 1418 (March): 1 —
628. Retrieved from
http://scholar.google.com/scholar?h
I=en&btnG=Search&g=intitle:Chec
klist+of+Catfishes,trecentt+and+fo
ssil+(Osteichthyes:+Siluriformes),
+and+catalogue+oftsiluriform+pri
mary-+types#0\nhttp://www.mapres
s.com/zootaxa/2007/z01418p628f.
pdf

Fishelson, L. and Delarea, Y. (2004):
Taste buds on the lips and mouth of
some blenniid and gobiid fish:

comparative  distribution  and
morphology. J. of Fish Biology, 65:
651 — 665.

Francis, A.; Sivakumar, R. and

Mathialagan, R. (2014): Illustrative
morphological  systematics  of
Catfish genus: Mystus (Scopoli,
1777) (Siluriformes: Bagridae) in
lower Anicut, Tamil Nadu, India.
Idian Journal of Science, 10 (23):

14 -31.

Franz-Odendaal, T. A. and Hall, B. K.
(2006): Molularity and sense
organs in the blind cavefish,
Astyanax mexicanus. Evol. Dev., 8
(1): 94 -100.

Gamal, A. M.; Elsheikh, E. H. and Nasr,
E. S. (2012): Morphological

adaptation of the buccal cavity in
relation to feeding habits of the
omnivorous fish Clarias
gariepinus. A scanning electron
microscopic study. The Journal of
Basic and Applied Zoology, 65 (3):
191 - 198.

Horn, M. H., (1998): Feeding and
digestion. In the physiology of
fishes, 2nd edition. Edited by
Evans, D. H. Boca Raton, C R C
Press, New York, pp: 43 - 63.

Humason, G. L. (1979): Animal tissue
techniques. Freeman, W.H. & Co.,
San Francisco, Pp: 641.

Hussein, T. D. (2004): Comparative
histomorphometric study on the
alimentary canal of two bony fish
species: Clarias gariepinus and
Bagrus bajad. Egyptian Journal of
Zoology e; 42: 1 -17.

Ikpegbu, E.; Dn, E.; Uc, N.; Nwogu, C.;
Nnadozie, O. and o, A. (2012):
Morphology of the oropharyngeal
cavity and oesophagus of the
farmed adult african Catfish,
(Clarias gariepinus Burchell
1822). Analecta Vet., 32 (2): 17 -
23.

Ikpegbu, E.; Ezeasor, D. N.; Nlebedum,
U. C. and Nnadozie, O. (2013):
Morphological and Histochemical
Observations on the Oesogaster of
the Domesticated African Catfish
(Clarias gariepinus Burchell , 1822
). Bulgarian Journal of Veterinary
Medicine, 16 (1): 88 — 95.

Jayaram, K. C. (2010): The fresh water

fishes of the Indian region,
Narendra Publishing House, New
Delhi, p-616.

Kamel, S. A.; Hussein, M. E. and Gaber,
S. A. (1995): The alimentary tract
of the Nile Catfish, Bagrus docmac
and its adaptive features to feeding
habit. J. Union Arab Biol., Vol. 3
(A): 289 —307.

Karami, A.; Christianus, A.; Ishak, Z.;
Courtenay, S. C.; Syed, M. A,
Noor Azlina, M. and Noorshinah
H. (2010): Effect of triploidization
on juvenile African Catfish
(Clarias gariepinus).Aquaculture
International, 18: 851 — 858.

Khalaf~Allah, H. M. M. (2001):
Ecological and biological studies
on some fish in Lake Qarun, Egypt.
M.Sc. Thesis, Zool. Dep. Fac. Sci.,
Al-Azhar Univ., Egypt, Pp: 331.

Khalaf-Allah, H. M. M. (2009):
Biological studies on some
Mediterranean Sea fish species



30 Sabry M. A. Shehata et al.

with special reference to their
feeding  habits, growth and
reproduction. Ph.D. Thesis, Zool.
Dep. Fac. Sci., Al-Azhar Univ.,
Egypt., Pp: 432.

Khallaf, E. A. and Alne-na-ei, A. A.
(1987):  Feeding ecology of
Oreochromis niloticus (Linnaeus)
& Tilapia zlli (Gervias) in a Nile
canal. Hydrobiologia, 62: 57 — 62.

Latif, A. F. A. (1974): Fisher of Lake

Masser Egional planning Lake

Nasser. Devel. Cent., 95 - 105.

K.; Yu, H.; Ma, H.; Duan, Q.;

Gisber, E.; Zambonino, J. L. and

Cahu, C. L. (2005): A histological

study on the development of the

digestive system of Pseudosciaena
crocea larvae and juveniles. J. Fish

Biology, 67: 1094 — 1106.

Malami, G. Z. and Magawata, 1. (2010):
Analysis of food and feeding habits
of  Catfish (Bagrus bayad,
Macropterus (Daget) in River
Rima and Goronyo Dam, in Sokoto
State, Nigeria. Nigerian Journal of
Basic and Applied Science, 18 (2):
277 — 284.

Mo, T. (1991): Anatomy, relationships
and systematics of the Bagridae

Mai,

(Teleostei:  Siluroidei) with a
hypothesis of Siluroid phylogeny.
Theses Zoologicae, Koeltz,

Koenigstein, 17: 1 —216.

Ng, H. H. and Kottelat, M. (2013):
Revision of the Asian Catfish
genus hemibagrus bleeker, 1862
(teleostei: Siluriformes: Bagridae).
The Raffles Bulletin of Zoology,
61 (1): 205 —291.

Nguyen, L. T. H. and Janssen, C. R.
(2002): Embryo-larval toxicity tests
with the African Catfish (Clarias
gariepinus): comparative
sensitivity of endpoints. Archives
of Environmental Contamination
and Toxicology, 42: 256 — 262.

Northcutt, R. G., (2004): Taste buds:
development and evolution. Brain
Behav, Evol., 64: 198 - 206.

Oliveira, F.; Erzini, K. and Goncalves,
M. S. (2007): Feeding habits of the
deep-snouted pipefish, Syngnathus
typhle in a temperate coastal
lagoon. Estuarine Coastal and Shelf
Science, 72: 337 — 347.

Pasha, S. M. K. (1964): The anatomy and
histology of the alimentary canal of
a carnivorous fish Megalops-
cyprinoides (Brouss). Proc. Indian
Acad. Sci. B., 60 (2): 107 - 115.

Sandon, H. (1950): An illustrated guide
to the freshwater fishes of Sudan,
Sudan notes and records Khartoum.

Sayed, A. H.; Mekkawy, 1. A. and
Mahmoud, U. M. (2011):
Histopathological alterations in
some organs of adults of Clarias
gariepinus  (Burchell, 1822)
exposed to 4-nonylphenol. The
19th  Conference of Egyptian-
German Scocity of Zoology, Bin
Sueif University, Egypt.

Shehata, S. M. A. (1979): Comparative
study of the anatomy and histology
of the digestive system of some
bony fishes. M. Sc. Thesis, zool.
Dep., Fac.  Sci, Al-Azhar
University, Egypt, pp 143.

Shehata, S. M. A. (1982): Comparative
study on the feeding habits, food
items and functional anatomy of
the alimentary tract of some fishes
native to Lake Manzalah. Ph. D.
Thesis, Zool. Dept., Fac. Sci., Al-
Azhar Univeristy, Egypt, pp 303.

Shehata, S. M. A. (1997a): Anatomical
and histochemical studies on the
oesophagus and stomach of certain
teleostean fishes with interference
to their adaptational features. Al-
Azhar Bull. Sci., Vol. 8 (2): 735 —
767.

Shehata, S. M. A. (1994): Food and
feeding habits of yellow-tail
emperor fish, Lethrinus mahsena

(Forsskal) (Lethrinidae:
Perciformes) Al-Azhar Bull. Sci., 5
(2): 647 — 663.



Functional anatomy of the lips and buccopharyngeal cavity of Siluroid fishes Clarias gariepinus 31

Shehata, S. M. A. (1999): Studies on the

anatomy and histochemistry of the
digestive tract in the fingerling
stages of the grass carp,
Ctenopharyngdon idella
(Valenciennes), in relation to food
and feeding habits. Egypt. J. Aqua.
Boil. and Fish., Vol. 13 (1): 113 —
145.

Tripathi, P. and Mittal A. K. (2010):

Essence of keratin in lips and
associated  structures of a
freshwater fish Puntius sophore in
relation to its feeding ecology:
histochemistry = and  scanning
electron microscope investigation.
Tissue & Cell. 42, 223 - 233,

Vina, E.; Parisi, V.; Cabo, R.; Laura, R.;

Loépez-Velasco, S.; Lopez-Muiiz,
A.; Garcia-Suarez, O.; Germana, A.
and Vega, J.A. (2013): Acid-

sensing ion channels (ASICs) in the
taste buds of adult =zebrafish.
Neurosci. Lett., 536: 35 - 40.

Winemiller, K. O., Kelso-Winemillar, L.

C. & Brenkert, A. L. (1995):
Ecomorphological diversification
and convergence in fluvical cichlid

fishes. Environmental Biology of
Fish, 44, 235 — 261.

Zaki, Z. T. (1978): Anatomical studies

on the Nile teleosts Bagrus bayad.
M. Sc. Thesis, zool. Dep., Fac. Sci.,
Al-Azhar  University, Egypt, pp
193.

Zaki, Z. T.; Shehata, S. M. A. and

Ibrahim, G. I. (1994): Anatomical
and histochemical studies of the
alimentary tract of some freshwater
teleosts. Proc. Egypt. Acad. Sci.,
Vol. 44: 67 - 80.



32 Sabry M. A. Shehata et al.

Plate I

oy

o ﬂ"‘l'
w .#’ 2
Fa ved

o T R

A: A photomicrograph of T.S. in the lips of C. gariepinus showing epidermis (E), dermis (De), taste
buds (TB), mucus cells (MC), melanophores (Mph) and collagen fibers (CF) (H&E, X 40).

B: A photomicrograph of T.S. in the lips of B. bajad, showing the outer layer of the lips, epidermis (E)
and the inner layer, dermis (De) (H&E, X 40).

C: A photomicrograph of T.S. in the lips of C. gariepinus showing superficial cell (SfC), mucus cells
(MC), taste buds (TB), epicelial cell (EC), wandering cells (WaC), melanophores (Mph),
connective tissue (CT), stratum compactum (SC) and stratum compactum (SC) (H&E, X 100).

D: A photomicrograph of T.S. in the epidermis layer of the lips in B. bajad showing superficial cell
(Sfc), taste bud (TB), mucous cells (MC) and connective tissue (CT) (H&E, X 100).

E: A photomicrograph of T.S. in the lips of C. gariepinus showing mucous cell (MC), taste buds (TB),
dermal papillae (DP) and melanophores (Mph) (H&E, X 400).

F: A photomicrograph of T.S. in the epidermis layer of the lips in B. bajad showing mucous cells
(MCQ), taste bud (TB), dermal papillae (DP), epicelial cell (EC) and basement membrane (BM)
(H&E, X 400).
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Plate 11

A: A photomicrograph of T.S. in the buccopharyngeal cavity of C. gariepinus showing mucosa (M),
submucosa (Sm), mucous cell (MC), superficial cell (SfC), basement membrane (BM),
columnar epicelial cell (CoEC) and connective tissue (CT) (H&E, X 100).

B: A Photomicrograph of T.S. in the buccopharyngeal cavity of B. bajad showing longitudinal muscle
fiber (LMF), connective tissue (CT), mucous cell (MC) and stratum compactum (SC) (H&E, X 100).

C: A Photomicrograph of T.S. in the buccopharyngeal cavity of C. gariepinus showing mucosa (M),
submucosa (Sm), superficial cell (SfC), mucous cell (MC), epicelial cell (EC), taste bud (TB),
dermal papillae (DP), basement membrane (BM), columnar epicelial cell (CoEC) and
connective tissue (CT) (H&E, X 100).

D: A Photomicrograph of T.S. in the buccopharyngeal cavity of B. bajad showing mucosa (M),
submucosa (Sm), nucleus (Nu), mucous cell (MC), superficial cell (SfC), epicelial cell (EC) and
connective tissue (H&E, X 400).

E: A photomicrograph of T.S. in the buccopharyngeal cavity of C. gariepinus showing mucosa (M),
submucosa (Sm), muscularis (Mu), mucous cell (MC), epicelial cell (EC), superficial cell (SfC),
enamel (En), dentine (De), dentine ridge (DR), pulp cavity (PC) and connective tissue (H&E, X 100).

F: A photomicrograph of T.S. in the buccopharyngeal cavity of B. bajad showing mucous cell (MC),
pharyngeal teeth ((PhT), stratum compactum (SC), longitudinal muscle fiber (LMF) and
connective tissue (H&E, X 100).
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