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The anatomy and histology of the alimentary tract
of the blind catfish Horaglanis Krishnai Menon

T.V. Anna Mercy* & N. Krishna Pillai**

SUMMARY

H. krishnai is a blind catfish inhabiting the dug-out wells al Kottavam
Keraly, South India. Studics on the alimentary tract of the fish show that,
the alimentary troct, though typically teleestean, shows scveral adaptive
modifications. The bulbous stomach helps in storing food which is helpful
in an environment chronically deficient in focd. The ileo-rectal sphincter
helps in retaining the digested food in the intestine Tor a long duration to
facilitate maximum absorpilon, This s very helpful as the intestine is short.
The liver is weall developed.

The digestive system of teleosts has been studied extensively
both in India and abroad., The first half of the twentieth cen-
lury witnessed a spurt in the study of the alimentary canal, espe-
cially in relation to feeding habits. The histology of the digesti-
ve tract of several freshwater fishes was studied in India (Dhar-
marajan, 1938; Vanajalkshi, 1938 Mohsin, 1941, 1848, 1962; Maha-
devan, 1950; Sarbahi, 1951; Kapoor, 1953; Moitra and Bowmik,
1967; Lal, 1968, Mehrotra and Khanna, 196%; Moitra and Sinha
1971, 1972: Sinha and Moitra 1972, 1975, 1976 Thomas, 1975 and
Moitra and Ray 1977), Though the above resume indicates the
avallability of a considerable amount of literature on the subject,
none of them deal with a blind catfish.

The alimentary canal of all ieleosts is built on the same
fundamental plan. But studies undertiaken so far have shown
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that within the fundamental plan there is considerable varia-
tion in details depending on the difference in feeding habits,

Horaglanis krishnai is a blind ¢lariid inhabiting the dug-out
wells at Kottavam, Kerala, South India, [t has a very unusual
habitat in freshwater wells to which they gain entry through
the subsoil drainage system. Moreover, this fish is totally blind.
These two factors are bound to make the fish a specialized
feedar,

MATERIAL AND METHODS

Specimens of Horaglonis were collected from ths dug.out
wells at Kottayarmn (Latitude 84" N and 10721 N; Longitude
76713 E and 7738 EJ, Kerala, South India, by draining them.
Fishes were brought to the laboratory in alive condition and the
alimentary canal is dissected out and fixed in Bouin's fluid. Se-
rial sections were taken at 6-8 p thickness and stained in Harry's
Haematoxylin, counterstained with sosin,

MORPHOLOGY

CGeneral cowrse of the alimentary canal

The alimentary canal of Horaglanis krishnai includes a spa-
cious buccopharyngeal cavity, a straight cesophagus, a bulbous
stomach and a straight intestine which opens out through the
anus (Fig. 1].

The oral aperture is wide, crescentic and slightly upturned,
spanning the entire width of the snout. It is surrounded by four
pairs of barbels, Both jaws are armed with a palch of several
irregular rows of villiform teeth curving inwards (Figs. 2 & 47,
From the inner margin of both jaws extends, into the buccal ca-
vity for a short distance, a fold of membrane - the buccal mer-
brane, This membrane is crescentic in shape and that of the
upper jaw is called the maxillary and that of the lower the man-
dibular valve. On the floor of the buccal cavity is a muscolar
prominence comparable to the tongue of higher vertebrates. The
tongue is roughly c¢lub-shaped and is slightly concave dorsome-
dially. The bucecal cavity is roughly egqual in length and widih.

As the pharvnx is nol clearly demarcated from the buccal
cavity, H. krishnai has only a buccopharyngeal cavity. However,
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Fig. | - Visceral cavity showing lLhe digestive syvstem (dingrammatic).
E, oesophagus; LI liver; GB, gall bladder; DU, ducdenum;
5T, stomach, 1. intestine; R, rectum.

for descriptive purposes the first pair of gill slits is considered
as forming the boundary demarcating these two regions. The
pharyngeal chamber is perforated by four pairs of ventrolateral
gill slits. The pharynx gradually narrows backwards and con-
sists of an anterior and a posterior region, the former carrying
the gill slits, The gill arches are provided with blunt gill rackers,
The posterior part of the pharynx is narrow and imperceptibly
merges with the oesophagus.
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Fig. 2 + Buccal cawvity (diagrammaticl. LJ. lower jasw; TLIJ, teath on lower
jaw; MY. mandibular valve. TO. tongue; LFT, lower pharyngeal
teeth: OOE, opening to ossophagus, UPT, upper pharyngaal eeth;
MEV, maxillary valve; TUJ, teath on lthe vpper jaw, U, uppoer jaw.

The posterior part of the pharyngeal chamber has a pair of
dorsomedian paiches of villiform teeth. Placed on the floor of
the pharynx are two triangular patches of villiform testh cor-
responding to those on the roof.

The cesophagus is a straight tube of uniform diameter. 11
enters the stomach which appears a5 a mere bulbous expansion
of the hind part of the cesophagus. The anterior part of the sto-
mach is thin-walled and the posterior thick-walled. These two
represent the cardiac and pyvloric portions respectively,
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The stomach is followed by the intestine, which, on emer-
ging from the stomach, goes forwards up to the middle of the
stomach and then backwards forming a duodenal loop. This
lopp has a larger diameter than the intestine proper. The hile
duct enters at the junction of the pyloric stomach with the duo-
and there is apparently no well-marked rectum. In a fish 3 cm
denal loop. The intestine goes straight up to the anal opening
long, the different regions of the alimentary canal had the fol-
lowing measurecments, From the lips to the level of the first gill
arch - 2 mm, lrom the lips to the beginning of the ocesophagus
- 3.5 mm, beginning of the cesophagus to the stomach - 4 mm,
stomach - 2 mm, intestine - 7 mm.

Associated organs

Liver

The liver of H. krishnai is large, extending over two thirds
the length of the body cavity (Figs, 1 & 3}, I consists of an an-

Fig. 3 - Liver. AL, anterior lobs; GB, gpall bladder; PL, postarior loba,
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terior and a posterior lobe connected by a median narrow por-
tion. The anterior lobe is roughly triangular and covers the
pesophagus and part of the stomach. The left side of this lobe
is continued as the posterior lobe, This lobe lies close to the
intestine.

Gall-bladder

The gall-bladder is sac-like and lies near the stomach. The
bile duct opens into the anterior end of the duodenum,

HISTOLOGY
Lips

The lips are made up of the mucosa and submucosa. The
mucosa consists of a stratified epithelium and a basement mem-
brane. The epithelium is formed of 8-12 rows of hexagonal cells
with rounded centrally placed nuclei, Scattered amidst the epi-
thelial cells are large round or oval mucous cells with eccentri-
cally placed deeply staining nuclei. A number of taste buds,
placed on papillalike extensions of the submucosa, are scatfered
in the mucosa. The taste buds are composed of elongated epi-
thelial cells with desply staining oval nuclei placed near the ba-
se of the cells. The taste buds comunicate to the outside by
means of an opening through which project hair-like exten-
sions of the cells of the taste bud.

The stratified epithelium restz on a thin basement mem-
brane

The submucosa 1s 8 compact layer composed of connective
tissue fibres, blood vessels and nerve fibres.

Breoal membrane

The buccal membrane consists of mucosa, submucosa, mu-
scularis and adipose tissue. The mucosa is fuormed of stratified
epithelium and basement memhbrane. The stratified epithelium
consists of 5-6 rows of hexagonal cells with rounded centrally
placed nuclei. Oval or rounded mucous cells are found scattered
in the epithelium. The mucous cells have deeply staining eccen-
trically placed nuclei, and are more abundant on the buccal
membrane than on the lips.

The stratified cpithelium rests on a thin bassment membra-
ne. This is followed by the submucosa which is made up of a
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dense layer of connective tissue fibres. The submucosa is follo-
wed by the muscularis, which includes an innor laver of longi-
tudinal and an outer laver of circular muscle, All the muscle
fibres are of the striated type. The muscularis on the roof of the
bucecal cavity is very thin but is comparatively thick on Lhe
flovr. It is thickest on Lhe tongus, The muscularis is enveloped
by adipose tissue which consists of 4-5 lavers of wvesicular cells
which are round or oval in shape. The space inside the vesicu-
lar cells is mostly filled with fat and a very small quantity of
protoplasm. Both on the roof and on the floor of the buccal mu-
cosa there are cnly vary faw taste buds. But on the tongue there
is a concentration of the taste buds (Fig. 5}. These taste buds
da not in any way differ from those on the lips.

The maxillary and mandibular valves also are made up of
two layers of mucosa enclosing a laver of submucesa. In the
maxillary valve, the ventral laver of the mucosa is thicker and
in the mandibular valve the dorsal layer is thicker. The mu-
cosa is composed of the same layers as those on the lips. The
dorsal mucosa of the mandibular valve has a large number of
taste buds and mucous cells while the ventral mucosa of the
maxillary valve has only a lew.

Pharynx

The pharyngeal mucosa is thrown up into longitudinal folds
which progressively increase in height backwards, The pharvn-
geal wall consists of mucosa, submucesa and muscularis,

The mucosa is formed of stratified epithelium and basement
membrane, The epithelium is made up of 810 layers of hexa-
gonal cells in the anterior region and 12-14 layers in the poste-
rior. Among the epithelial cells, round or oval mucous cells with
eccentrically placed deeply staining nuclel are present. The mu-
cous cells are more abundant in the posterior region. At cer-
tain places the mucosa consists almost entirely of mucous cells.
Taste buds are nol found in the pharvyngeal mucosa.

The stratified epithelium rests on a thin basement membra-
ne. The basement membrane is followed by a thick submucosa.

The topmost part of the submucosa is made up of a dense
layer of conmective tissue fibres which is thrown into papilla-
like extensions projecting intc the mucosa,

The submucosa is followed by a layer of longitudinal mu-
scle fibres. The longitudinal muscle laver is followed by a thick
laver of circular muscle fibres. Both arc striated. The patches
of teeth on the roof and floor of the mouth are composed of vil-
liform teeth in different stages of growth [Fig. 8.
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Figs 4-8 -

Cross sections of: jaw (g 4. x 2000, loogue (fig. 5 x 200, pha-
rynx tfig, #, % 60}, cardiac stomuch (fig. 7, x 80, stomach wall
(fig. & x 601, pyloric stomach (fig, ® x 2000, MC, mucous cells;
T, williform teeth; GF, gustatory pore; TB, taste bud: PHT, pharyn-
geal teoth; SE, striated epithelium: LP, lamins propria; MS, mu-

scularis; 5, serosm; GOL, gland.
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Oesophagus

The cesophageal wall is formed of mucesa, lamina propria,
submucosa, muscularis and serosa. The mucosa iz thrown up
into several longitudinagl folds. These folds are low in front but
progressively increase in height backwards., [n the anlerior
region the mucosa consisits of columnar epithelial cells and a
large number of oval, round and elongated mucous ccells. In
some of Lhe folds the mucous cells form a nearly continuous la-
ver almaost fully covering the columnar epithelial cells, In the
columnar cells the nuclei are rounded and basal. The nuclei of
the mucous cells are rounded, deeply staining and eccentric in
position,

At the postericr region of the oesophagus the mucous cells
are comparatively few and the mucosa is formed almost entirely
of columnar cells. The cell margin has a serrated appearance,
This is particularly evident in the cells situated on the summit
of the folds, The nuclei of the columnar cells are oval and either
central or basal in position, Each has a centrally located nu-
cleclus. The cvtoplasm of the columnar cells is homogeneous
and eosinophilic. The epithelial cells rest on a thin basement
membranes, This is followed hy the lamina proprida.

At either end of the cesophagus, the lamina propria is com-
posed of compactly arranged connective tissue fibres with blood
capillaries and free lyvmphatic cells,

The lamina propria is followed by a thin submucosa which
is a dense layer of connective tizssue fibres, also containing blood
capillaries and nerve fibres.

The next layer is the muscularis which includes striated
longitudinal and circular muscle fibres. The muscularis is en-
vgloped by the serosa which is made up of highly flattened cells
and tough connective tissue fibres,

At the junction of the oesophagus and the cardiac stomach
the height of the mucosal folds increases. Here the mucosa con-
tains only very few mucous cells. The folds show hranching and
the cells lining them have striated free margins. Secondary
folds appear between the primary ones.

Stomeach

Histologically, the stomach is divisible into cardiac and py-
loric portions. The wall of the cardiac region is made up of mu-
cosa, lamina propria, submucosa, muscularis and  serosa
(Fig, 71,

The mucosa is produced into branching folds, the free bor-
der of which shows serrated appearance, The mucosa consists
of a compact superficial laver of columnar cells and an inner
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layer of glandular cells. The willi are entirely tormed of colu-
mnar cells, The nuclei of the columnar cells are oval and ba-
sal in position. The colummnar cells rest on a basement mem-
brane which is followed by the lamina propria - a compact
layer of connective tissue fibres, It contains blood vessels and
lymphatic cells,

Rectangular glandular cells arranged in the form of simple
tubular glands are seen in large numbers below the villi, These
glands are kept in position by the connective tissue fibres of the
lamina propria. Each gland has a narrow duct opening into the
crypts. The cyloplasm of the cells forming the glands is granu-
lar and contains zymogen granules. Their nuclei are rounded,
deeply staining and central in position {(Fig. 8).

The glandular epithelium is followed by the submucosa
which is a compact layer of connective tissue fibres. This is fol-
lowed by the muscularis which is composed of an inner layer
of circular muscle fibres and an guter layer of longitudinal mu-
scles, both non-striated,

The muscularis is followed by the serosa, composad of highly
flattened cells and fibrous connective tissue,

Barring the absence of the glandular spithelium, the wall
of the pyloric stomach is histologically identical to that of the
cardiac (Fig. 9). The mucosa is produced into longitudinal villi
whose branches are fewer and shorter compared to those of the
cardiac stomach, The mucosa consists of only columnar epithe-
lial cells with oval basally placed nuclei, The fres surface of the
villi is serrated. The epithelial cells rest on & thin basement
membrane.

The lamina propria consists of compactly arranged connec-
tive tissue fibres, blood vessels and lymphatic cells.

The submucosa is also a compact layer of connective tissue
fibres and containes blood vessels and nerve fibres. The muscu-
lariz is very thick, compared to that of the cardiac region, and
consists of a thick inner layer of circular muscle fibres and a
thin outer layer of longitudinal fibres, both non-striated. The
muscularis is especially thick at the posterior part of the pyloric
stomach. This thick laver apparently acts as the pyloric sphin-
cter. The muscularis is followed by the serosa consisting of flat-
tened epithelial cells and Abrous connective {issuse,

Intestine

The stomach is followed by the intestine which is divisible
inlo ducdenum, intestine proper and rectum. These three re-
gions, though with very minor differences, are histologically
identical.

The intestinal wall is formed of ithe mucosa. lamina propria,
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submucosa, muscularis and serosa. The number of villi in the
ducdenum wvaries from 10-12. Some of them are very broad
while a few are narrow. Most of them are branched, The mu-
cosa consists of elongated columnar cells and oval, rounded or
elongated mucous cells; the elongated ones predominating. The
nuclei of the columnar cells are oval and basally located with
prominent nucleoli. The nuclei of the mucous cells take deep
stain and are mostly concentrically placed. But in some of the
round mucous cells the nuclei are central. The epithelial cslls
rest on a thin basemen! membrane. This is followed by the la-
mina propria.

The lamina propria is a compact layer of connective tissue
fibres containing blood vessels and free lymphatic gells,

The lamina propria is followed by a thin submucosa formed
of a dense layer of connective tissue fibres. This is followed by
the muscularis composed of an inner circular and an outer lon-
gitudinal layer of muscle fibres. The muscularis is surrcunded
by a thin serosa formed of flattened epithelial cells and a few
connective tissue fibres.

The intestine proper differs from the duodenal part in the
number of the willi, which is only 5-8, in the very hroad lamina
propria in some of the willi, and in the presence of a large num-
ber of mucous cells (Fig, 10),

Towards the posterior region, the rectum telescops into the
intestine, At the junction of these two the submucosa and the
muscularis of both intesline and reclum are appreciably thick
giving rise to an ilep-rectal valve (Fig, 11},

In the rectal region the villi are very short. The mucousa
consizts of columnar epithelial cells and rounded mucous cells,
The nuclei of the epithelial cells are round or oval and basal in
position; those of the mucous cells are round, deeply staining
and centrally or eccentrically placed. The epithelium resls on a
basement membrane which is lellowed by the lamina propria
(Fig, 127,

In the rectal region it is difficult to distinguish the lamina
propria from the submucosa, The only difference between these
two is the absence of longitudinal muscle bundles in the lami-
na propria. The lamina propria consists of loosely arranged
connective tissue fibires and blood capillaries, The submucosa
is very thick and is formed of loosely packed connective Lissue
fibres and blood capillaries. Among the connective tissue fibres
there are longitudinal muscle fibres, Nerve fibres are also pre-
sent. The submucosa is followed by a thin laver of circular mu-
scle fibres and compactly arranged longitudinal muscle fibres
forming the muscularis,

The muscularis is enveloped by a thick serosa formed of
tough connective tissue fibres and flattened cells,
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Figs. 10-14 Cross seclions of: middle intestine {(fig. 10, ¥ 51), rectum (fig.
11, = 230), rectum (fig 12, x 310, liver (fig. 13, x 307), CE, colu-
mnar cells; V., wvilli; LP, lamina propria; Sk, submucosa; MS,
muscularis; 5. serosa; [TW, inlestinal wall, BTW, rectal wall:
HE, hepatic cells: N, nucleus.

Liver

The liver is made up of regularly arranged polygonal hepa-
tic cells. Each cell possesscs a fairly large, centrally placed,
rounded nucleus with dislinct nucleolus. The cells are regu-
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larly arranged around the hepatic ductules. The capillaries cal-
led hepatic sinusoids are irregular and thin walled, The sinu-
soids anastomose and converge to join the lavge weins. The
hepatic cells are vacuolated, with highly granular cytoplasm
{Fig. 131,

Gall bladder

The wall of the gall bladder is thin and it consists of an in-
ner layer of simple sguamous epithelial cells, & middle layer of
connective tissue and an outer layer of muscular tissue.

DISCUSSION

Teleosts have successfully adapted themselves (o every type
of aquatic habhitat. This versatility is reflected in their mode of
feeding. Fishes inhabiting the same habitat resort to different
tvpes of feeding to avoid competition for food and also to utilize
every available source of food, They can be broadly classified
into carnivores, herbivores and omniveres, [t iz only natural
that depending on the kind of food the alimentary canal should
undergo suitable modifications for maximum utilisation of the
food taken.

The morphology and histology of the alimentary canal of
H, krishnai show several peculiarities which can be correlated
with its feeding behaviour.

As the lower jaw is slightly longer than the upper, the oral
aperture iz subdorsal. Obvicusly, this fish is not a true bottom
feeder. As the gut content of the fish showed the presence of
insecls, it is evident that the fish can catch small animals like
insects moving in its vicinity,

One of the organs of the alimentary system which shows
adaptive modification to a large extent is the tooth. Presence
of teeth on both the jaws indicates a carnivorous habit. In H.
krishnal the pharyngeal testh are alse well developed, It would
appear Lhat the pharyngeal teeth help to crush the food orga-
nisms and the curved villiform jaw teeth serve to prevent the
prey from escaping. Sarbahi (1929}, Al-Hussaini (1948) and Das
and Moilra (1855) have ohserved that the pharyngeal teeth are
mainly used to crush the food.

The stomach is reported to be absent in flshes of the fami-
lies Blennidae, Callyonimidae, Labridaes and Scaridae. In cat-
fishes it is fairly well developed. H. krishnai has a bulbous sto-
mach. It should be remembered in this context that the fish is
blind and capturing live food should be accomplished with the
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help of senses other than vision, Moreover, in the underground
channels or in wells food is very scarce. Hence, for sheer sur-
vival, H. krishnal should be able to make full use of every oppor-
tunity to feed. This would explain the presence of a comparati-
vely large bulbous stomach which helps to store the food.
Though somewhat far fetched it should be pointed oul that blind
or partially blind deep sea fishes have a disproportionately large
and highly distensible stomach which is definitely an adaptation
ta survive in the deep-sea where food is indeed scarce,

The intestine of H. krishnai is short. Jacobshajen (1913}
found a direct correlation between the nature of the food and
the lenglh of the intestine. According to him, carnivorous fishes
have short intestines and plant and mud feeders have long
intestines. Though Suyehiro (1842) mentioned some exceptions
to this generalisation one must admit that it generally holds
gond, Barrington (1957} suggested that the length of the inte-
sting is dependent on more than one factor. Sinha and Moitra
(1575) found thal the nature of the food ingested by a fish lar-
gely determines the length of the gut and the number and na-
ture of the mucosal folds. The short intestine of H. krishnai ap-
pears to indicate that this fish is a camivore.

Histological variations in the alimentary tract are confined
to the mucosa. The mucosa shows a fair amount of variation
from the buccal cavity right up to the rectum. The most varia-
ble features is the abundance and distribulion of the mucous cells
and taste buds,

Several workers (Vanajakshi, 1938 Girgis, 1952; Mookerjee
and Ganguly, 1952 Kapoor, 1857: Pasha, 1964; Chitray, 1985 and
Agarwal and Sharma 1868) have reported the presence of taste
buds on the lips of fishes. In H. krishno! taste buds are of con-
siderable value in gustation. In H. krishnai taste buds are pre-
sent on the lips. Hence it is safe to assume that this fish is defi-
nitely a taste feeder. The presence of taste buds in the buccal
cavity of fishes has been observed by several authors (Pillai,
1953; Mohsin, 1982, Chitray, 1965 and Moitra and Bhowmik,
1987}, In H. krishnai though taste buds are few on the wall of
the buccal cavity, they are abundant on the tongue. The ton-
gue controls the entry of focd into the oesophagus. So it is pro-
bable that the taste buds enable the fish to select desirable
iterns and reject undesirable ones,

The presence of mucous cells on the lips and in the bucco-
pharyngeal region has been reported in the above mentioned
publications. In H. krishnai mucous cells are abundant in the
wall of the pharynx., It seems that during feeding the pharynz
produces a large amount of mucus which would undoubtedly
help in swallowing the food probably in the form of bolus, As
the fish feeds mainly on insects it may need a ot of mucus for
lulbirication,
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The mucosa of the cardiac region has a glandular epithe-
lium arranged in the form of simple {ubular glands and the mu-
cosa of the pyloric region is devoid of a glandular epithelium.
But the pyloric region is provided with a pyloric sphincter. Ths
serrated margin of the epithelial cells of the villi is simply a
device to increase the surface area for absorplion of the dige-
sted food, The pyloric sphincter helps in regulating the passags
of food into the intestine.

The intestine of H. krishnai is histologically divisible into
anterior and posterior parts. In the anterior region the villi are
taller and meore abundant than in the posterior region, showing
that absorption mainly takes place here,

The presence of an ileo-rectal sphincter in the rectum of
fishes has been reported by many authors (Al-Hussaini, 1946,
Thomas, 1975 and Sis =t ol, 1979). They have observed that
among the fishes they studied those with the sphincier had a
short intestine, In H. krishnoi the rectal region is provided with
an ileo-rectal sphincter formed by the telescoping of the rectum
into the intestine, This helps the fish to retain the already dige-
sted food in the intestine for a longer duration, till the absor-
ption is complete. This is needed since the gut of H. krishnai is
comparatively short (RLG - 0.4).

In the subterranean waters, plant life is not possible. The
mud of the well bottum is poor in organic matter. 5o the only
available food in this particular habitat is animal matier such
as insects and other small crustaceans. So the subterranean
habitat made the fish to take in animal matter and the alimen-
lary canal of the fish is modified to suit this carnivorous habit.
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