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Abstract In Clarias batrachus, the opercular epidermis (OE) and epithelium lining the inner surface of
the operculum (EISO) showed significant differences in their surface architecture, such being correlated
with different conditions at the two locations. The surfaces of the epithelial cells had characteristically
intricate patterns of microridges, which were mostly short-ridged with narrow spaces between them (OE)
or high-ridged and widely spaced (EISO). These patterns were believed to be associated with the relative
extent of surface secretory vesicles, present for the secretion and renewal of the extra-cellular cuticular
coat at these locations. Extensively distributed on the OE, wide mucous cell openings enable increased
mucus secretion, considered to be an adaptation resulting from the greater need for lubrication, protection
and inhibition of invasion and proliferation of pathogenic microorganisms, than at the EISO, where
mucous cell apertures were few and narrow. Taste buds were generally situated at papillate, epidermal
elevations that projected from the OE surface. This possibly enhances gustatory function, being an
adaptation compensating for reduced vision. The absence of taste buds in the EISO suggested that a
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gustatory function does not occur in that region.

Fish epidermis exhibits different patterns of sur-
face architecture (Whitear, 1990). These patterns,
considering comparable anatomical sites of various
teleosts, are species specific (Fishelson, 1984). Al-
though reports exist on the surface organization of
epithelia derived from the epidermis at different loca-
tions, including for example, oral epithelium (Lane
and Whitear, 1982) and gill epithelium (Ojha and
Hughes, 1988), there are none on the surface relief
pattern of the epithelium lining the inner surface of
the operculum (EISO) or its comparison with the
opercular epidermis (OE).

The present investigation was undertaken to clari-
fy details of the surface sculpture of the OE (usually
concealed beneath a thick layer of mucus) and EISO
of a walking catfish, Clarias batrachus, and to corre-
late the structural modifications at these sites with
their functional and adaptive significance. A
member of the Clariidae (Siluriformes) (Greenwood
et al.,, 1966), C. batrachus is a popular aquaculture
species in Southeast Asia, where it inhabits muddy
and marshy waters. Having the capacity to breath
air by using its auxiliary breathing organs, the fish is
very resistant to anoxic conditions, enabling very

dense populations to be maintained in ponds. The air
breathing habit allows the fish to come out of the
water to make extensive land excursions, frequently
at night, in search of food or to migrate to other
water bodies (Sterba, 1963; Welcomme, 1988).

Materials and Methods

Live specimens (n=35) of Clarias batrachus (Lin-
naeus) (length 14010 mm, weight 35+ 1 gm) were
collected from ponds at Varanasi, India. The fish
were maintained in the laboratory at controlled
room temperature (25 1°C), being fed minced goat
liver on alternate days. After acclimatization to the
laboratory conditions for at least 15 days, the fish
were cold anaesthetized (Mittal and Whitear, 1978).
Pieces of the operculum were excised, rinsed in phys-
iological saline, cut into conveniently-sized pieces
(approximately 4X4mm) and fixed in 3% glutar-
aldehyde in 0.1 M cacodylate buffer (pH 7.4) for 4h
at 4°C. Fixed tissues were washed with 0.1 M caco-
dylate buffer (pH 7.4) and dehydrated in a cold (at
4°C) ethyl alcohol series, of ascending concentra-
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tions, mixtures of ethyl alcohol and acetone in the
ratios 3:1, 1:1 and 1:3, and anhydrous acetone.
Tissues were critical point dried using a CPD 750
dryer (EMscope Laboratories Ltd., England) with
liquid carbon dioxide as the transitional fluid. Pieces
of the operculum with the OE or EISO facing up-
wards were then attached to stub, coated with gold
using a SC 500 sputter coater (EMscope Laborato-
ries Ltd., England) and examined with a JSM-840A
(JEOL, Japan) or 515 SEM (Philips, England) scan-
ning electron microscope.

Observations

Opercular epidermis.—The surface of the OE com-
prised epithelial cells, which appeared irregularly
polygonal in outline (Fig. 1). The surface architec-
ture of the epithelial cells was, in general, uniformly
characterized by narrowly-spaced, short, narrow
microridges, which sometimes branched, and were
irregularly interwoven to form intricate patterns
(Fig. 2). The boundaries between adjacent epithelial
cells were demarcated by a poorly defined, double
row of microridges.

Many mucous cell openings, seen as wide, rounded
apertures, often containing blobs of mucus, were
interspersed between the epithelial cells (Fig. 1).
Generally, such apertures occurred where the
boundaries of three or more epithelial cells met
(Figs. 1 and 2).

Taste buds were irregularly distributed, generally
projecting from the epithelial surface, since the OE
at these locations was elevated into papillate struc-
tures (Fig. 3). The gustatory processes of the taste
buds, when viewed dorsally, appeared granular. The
epithelial cells were concentrically arranged at the
papillate, epidermal elevations (Fig. 3).

Epithelium lining the inner surface of the opercu-
lum.—The EISO, unlike the OE, was not covered by
a thick layer of mucus. The surface sculpture of the
epithelial cells of the EISO (Fig. 4) showed a strik-
ingly different pattern to that of the OE epithelial
cells, the majority of the former being characterised
by wide, high-ridged, elongated, microridges that
were almost uniform in breadth (Fig. 5). Such
microridges showed either extensive linear arrange-
ments or branched and interlocked to form intricate
maze-like (sometimes fingerprint-like) patterns
(Figs. 5 and 6). Papillate microridges, either re-
stricted to central portions or distributed over the

cell surface, were also discernible on some epithelial
cells (Fig. 5). The spaces between the ridges were
generally broad. The boundary between adjacent
epithelial cells was demarcated by a well-defined,
double row of ridges, often continuous, (Fig. 5) but
in some cases discontinuous or zipper-like (Fig. 6).

Mucous cell openings in the EISO, in contrast to
those of the OE, were relatively few and narrow
(Figs. 4 and 5). Taste buds were absent.

Discussion

The surface architecture of the superficial layer of
epithelial cells in the OE and EISO of Clarias batra-
chus is characterized by specialized structures which,
in other fishes, have been described as cytoplasmic
folds (Merrilees, 1974), microvilli (Harris and Hunt,
1975), microfolds (Hunter and Nayudu, 1978) or
ridges (Iger et al., 1988). Insofar as these structures
appeared as microridges under SEM and microvilli
under TEM (due to the lower resolution by the
latter), the term “microvillar ridges” was used by
Mittal et al. (1980). The use of the term “micro-
ridges” for these structures by Whitear and Mittal
(1986), Whitear (1990) and Suzuki (1992) seems
appropriate and is continued here.

The present investigation showed interesting dif-
ferences in the form of the microridges on the sur-
face of the epithelial cells of the OE and EISO in
C. batrachus. The surface epithelial cells in this fish
are mucogenic in nature, synthesizing and secreting
glycoproteins, thus contributing to overall surface
epithelial secretion (Banerjee and Mittal, 1975; Garg
and Mittal, 1990) and forming an extra-cellular cu-
ticular coat. Microridges have invariably been ob-
served in teleosts having a mucogenic epidermis/epi-
thelia, where the surface epithelial cells are involved
in the secretion of an extra-cellular, cuticular coat
(Whitear, 1986). Whitear (1990) suggested that the
form of the microridges is related to the process of
secretion at the cell apex. Further, she suggested the
surface sculpting to be a consequence of the arrival
of new membranes, as vesicles carrying secretions
fused with the apical plasma membrane. According-
ly, high ridges would indicate the rapid arrival of
secretory vesicles at the surface. In C. batrachus, the
occurrence of conspicuous, high-ridged, wide micro-
ridges at the surface of the epithelial cells of the
EISO, compared to short-ridged, narrow micro-
ridges at the OE, may thus be associated with a faster
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Figs. 1-6. Scanning electron micrographs of the opercular epidermis (Figs. 1-3) and the epithelium lining the
inner surface of the operculum (Figs. 4—6) of Clarias batrachus. Scale bar=10 um.

Fig. 1. Mosaic of irregularly polygonal epithelial cells with prominent boundaries, interspersed with rounded,
mucous cell apertures (arrows).

Fig. 2. Narrow, short ridged microridges. Note the mucous cell apertures discernible at the boundary of three
or more epithelial cells.

Fig. 3. Taste bud at the apex of a papillate epidermal elevation.

Fig. 4. Compare the arrangement of the epithelial cells with that in Figure 1. Note the high-ridged, wide
microridges and few mucous cell apertures (arrows).

Fig. 5. Microridges forming a maze or finger print-like pattern. Note the papillate microridges either
restricted to the central portion (arrows) or widely distributed over the surface of the epithelial cells
(arrow heads), and the cell boundaries demarcated by a double row of continuous microridges.

Fig. 6. Prominent microridges forming intricate patterns. Note the discontinuous (arrow head) or zipper-like
(arrow) double row of microridges at the cell boundaries.
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rate of arrival of secretory vesicles at the surface of
the former.

Microridges are thought to be involved in the
retention of mucus, in addition to facilitating the
spreading of the latter over cell surfaces (Sperry and
Wassersug, 1976). Fishelson (1984) related the vari-
ations in microridge patterns to locomotory activity
and suggested that in faster swimming fishes, the
most developed ridges served to trap mucus on the
epithelial surface. The view that the development of
microridges is an adaptation for retaining mucus at
the surface, however, does not seem tenable. If a fish
has the capacity to retain mucus owing to the devel-
opment of surface structures such as microridges, the
presence of numerous mucous cells in the epidermis
would seem to be of little point, it being apparently
more economic to retain rather than to synthesize
mucus. According to Whitear (1990), any function-
ing of microridges to retain mucus on the epithelial
surface is contradicted by the ease with which the
mucus cover is lost during preparation for micro-
scopy. Furthermore, she suggested that the micro-
ridges themselves could not have hydrodynamic pro-
perties because they are in life buried in extra-
cellular, cuticular secretions. Modifications in the
pattern of microridges can also be caused by various
intrinsic, e.g. hormonal (Schwerdtfeger, 1979a,b),
or extrinsic factors e.g. temperature (Ferri, 1982),
salinity (Ferri, 1983), mercury salts (Pereira, 1988),
organic pollutants (Iger et al., 1988) handling and
ectoparasites (Whitear, 1990).

C. batrachus dwells mostly at the bottom of ponds,
often in muddy and marshy waters. In this fish,
profuse mucous secretion at the OE, indicated by the
presence of a large number of wide mucous cell
openings and a thicker layer of mucus on the OE
surface than on that of the EISO, may be related to
the greater demand for mucus on the external sur-
face of the operculum than on the inner surface.
Mucous secretions protect the fish from abrasion
during burrowing in bottom mud (Liem, 1967),
precipitate mud that is held in suspension (Hora,
1934) and, in addition, have been accorded an im-
portant physiological role in the lubrication and pro-
tection of the fish, including the inhibition of inva-
sion and proliferation of pathogenic microorganisms
from the surrounding environment (Mittal et al.,
1994).

Taste buds assist fish in the location of food and in
the analysis of the chemical nature of the surround-
ing water. The presence of such sensory structures in

the OE of C. batrachus may compensate for the
reduced eyes in this species, and the consequently
restricted visibility in muddy turbid water. Further-
more, the presence of taste buds on the papillate
epidermal elevations in C. batrachus is perhaps an
adaptation which enhances contact with the sur-
rounding water. Atema (1971) considered the ex-
treme development of taste buds over the body of
Ictalurus natalis as an adaptation to compensate for
reduced vision, and Schemmel (1967) showed that in
cave-dwelling populations of the Mexican characin,
Astyanax mexicanus, which has lost its vision, the
distribution of external taste buds is more extensive
than in river-dwelling 4. mexicanus, which has
normal vision. The absence of taste buds in the
EISO of C. batrachus points to the lack of any
gustatory functions in this region.

Acknowledgments

We thank Prof. Harvey B. Lillywhite, Department
of Zoology, University of Florida, U.S.A. for criti-
cally reading the manuscript and for many helpful
suggestions, in addition to the staff of the Regional
Sophisticated Instrumentation Centre, Central Drug
Research Institute, Lucknow and the National Facil-
ity for Electron Microscopy, Department of Metal-
lurgical Engineering, Banaras Hindu University,
Varanasi, for extending SEM facilities. TKG was
supported as a Research Associate by the Council of
Scientific and Industrial Research, Government of
India.

Literature Cited

Atema, J. 1971. Structure and functions of the sense of
taste in the catfish (Ictalurus natalis). Brain Behav.
Evol., 4: 273-294.

Banerjee, T. K. and A. K. Mittal. 1975. Histochemistry
and the functional organization of the skin of a “Live
fish” Clarias batrachus (Linn) (Clariidae, Pisces). Mik-
roskopie, 31: 333-349.

Ferri, S. 1982. Temperature induced transformation of
teleost (Pimelodus maculatus) epidermal cells. Gegen-
baurs Morph. Jahrb. Leipzig, 128: 712-731.

Ferri, S. 1983. Modification of microridge pattern in
teleost (Pimelodus maculatus) epidermal cells induced by
NaCl. Gegenbaurs Morph. Jahrb. Leipzig, 129: 325-329.

Fishelson, L. 1984. A comparative study of ridge-mazes on
surface epithelial cell/membranes of fish scales (Pisces,

— 184 —



Epidermis and Opercular Epithelium of Clarias

Teleostei). Zoomorphology, 104: 231-238.

Garg, T. K. and A. K. Mittal. 1990. Epidermal and inner
epithelial lining of the operculum in Clarias batrachus
(Clariidae, Siluriformes). Japan. J. Ichthyol., 37: 149—
157.

Greenwood, P. H., D. E. Rosen, S. H. Weitzman and G. S.
Myers. 1966. Phyletic studies of teleostean fishes with a
provisional classification of living forms. Bull. Amer.
Mus. Nat. Hist., 131: 339-456.

Harris, J. E. and S. Hunt. 1975. The fine structure of the
epidermis of two species of salmonid fish, the atlantic
salmon (Salmo salar L.) and the brown trout (Salmo
trutta L.). 1. General organization and filament-
containing cells. Cell Tissue Res., 157: 553-565.

Hora, S. L. 1934. A note on the biology of the precipitating
reaction of the mucus of Boro fish Pisodonophis boro
(Ham. Buch.). J. Proc. Asiatic Soc. Bengal, 29: 271—
274.

Hunter, C. R. and P. L. Nayudu. 1978. Surface folds in
superficial epidermal cells of three species of teleost fish.
J. Fish Biol., 12: 163-166.

Iger, Y., M. Abraham, A. Dotan, B. Fattal and E.
Rahamim. 1988. Cellular responses in the skin of carp
maintained in organically fertilized water. J. Fish Biol.,
33: 711-720.

Lane, E. B. and M. Whitear. 1982. Sensory structures at
the surface of fish skin 1. Putative chemoreceptors. Zool.
J. Linn. Soc., 75: 141-151.

Liem, R. F. 1967. Functional morphology of the in-
tegumentary, respiratory and digestive systems of the
synbranchoid fish Monopterus albus. Copeia, 1967: 375—
388.

Merrilees, M. J. 1974. Epidermal fine structure of the
teleost Esox americanus (Esocidae, Salmoniformes). J.
Ultrastruct. Res., 47: 272-283.

Mittal, A. K. and M. Whitear. 1978. A note on cold
anaesthesia of poikilotherms. J. Fish. Biol., 13: 519-520.

Mittal, A. K., T. Ueda, O. Fujimori and K. Yamada. 1994.
Cytochemical analysis of glycoproteins in the unicellular
glands in the epidermis of an Indian fresh water fish
Mastacembelus pancalus (Hamilton). Histochem J., 26:
666—677.

Mittal, A. K., M. Whitear and S. K. Agarwal. 1980. Fine
structure and histochemistry of the epidermis of the fish
Monopterus cuchia. J. Zool., Lond., 191: 107-125.

Ojha, J. and G. M. Hughes. 1988. Scanning electron
microscopy of the gills of a freshwater catfish Rita rita.
Japan. J. Ichthyol., 35: 56-61.

Pereira, J. J. 1988. Morphological effects of mercury
exposure on windowpane flounder gills as observed by
scanning electron microscopy. J. Fish Biol., 33: 571-580.

Schemmel, C. 1967. Vergleichende Untersuchungen an
den hautsinnesorganen ober-und unterirdisch lebender
Astyanax-Formen. Z. Morph. Okol. Tiere., 61: 255-316.

Schwerdtfeger, W. K. 1979a. Morphometrical studies of
the ultrastructure of the epidermis of the guppy, Poecilia
reticulata Peters, following adaptation to sea water and
treatment with prolactin. Gen. Comp. Endocrinol., 38:
476-483.

Schwerdtfeger, W. K. 1979b. Qualitative and quantitative
data on the fine structure of the guppy (Poecilia reticulata
Peters) epidermis following treatment with thyroxine
and testosterone. Gen. Comp. Endocrinol., 38: 484-490.

Sperry, D. G. and R. J. Wassersug. 1976. A proposed
function for microridges on epithelial cells. Anat. Rec.,
185: 253-258.

Sterba, G. 1963. Fresh water fishes of the world. II.
Impression. Vista Books, London.

Suzuki, N. 1992. Fine structure of the epidermis of the
mudskipper, Periophthalmus modestus (Gobiidae).
Japan. J. Ichthyol., 38: 379-396.

Welcomme, R. L. 1988. International introduction of
inland aquatic species. FAO Fisheries’ Technical Paper
294, FAO, United Nations, Rome.

Whitear, M. 1986. The skin of fishes including cyclo-
stomes. Pages 8—64 in J. Bereiter-Hahn, A. G. Matoltsy
and K. S. Richards, eds. Biology of the Integument, Vol.
2, Vertebrates. Springer Verlag, Berlin.

Whitear, M. 1990. Causative aspects of microridges on the
surface of fish epithelia. J. Submicrosc. Cytol. Pathol.,
22: 211-220.

Whitear, M. and A. K. Mittal. 1986. Structure of the skin
of Agonus cataphractus (Teleostei). J. Zool., Lond., 210:
551-574.

k L+ <7 XD—3& Clarias batrachus |23 8B ERR
SURALEORERE

T. K. Garg * V. Deepa * A. K. Mittal

Clarias batrachus DEEERK L HBENTEHE LK OXBHE
@ BVIKELSRE - TV 3, REIIDE L TRIBESRVE
MRS S, —F, NELRREEL TEVWHB/ME» SRS, Ch
i3, FELRAKEEET 2DT, XOFRHBLRFEEOBFAMLE
WNRBOSY W « BEHAEEY 310, REICLIEAHT 5858
MR OBEOMAMILL, BHENORIDOEENBTRICES T
EEBBRLTWA, Thickl, RELEREDIZ S A0S L
TR, RIS, WEDSHLIHKOREZEEICIEE L THRER%E
&, BKPORELRLERH > TWAEHEEEN S, —4, NE
FRICEGKENFELZV DT, TOBIEERL T EAREX
ha.,

— 185—



