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Abstract. The morphology, anatomy and histology of the organs concerned with capture
and digestion of food of the canine catfish-eel, Plotosus canius Hamilton, have been described.
It shows a primitive organisation of digestive organs in the presence of only one type of
secretory cell in the gastric glands and diffused pancreatic cells, embedded within the intrahepatic cells. The study indicates the species to be a carnivore with characters of both
primitive, as well as, developed carnivorous nature. While discussing, the structural
peculiarities observed, have been correlated with type of food generally encountered in the gut
of the species.
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Introduction

Examination of gut-eontents is the only possible method to infer about the feeding
habit of aquatic animals, like fish, in whose case it is not easy to directly observe them
feeding in their natural habitats. Pillay (1952) observed that gut-eontents may
sometimes contain only emergency food items and thus, any conclusion drawn on its
basis, as regard to the natural food of the fish, may be, at times, totally erroneous. He,
thus, suggested the morpho-histological study of the organs concerned with capture
and digestion of food, in addition to the gut-eontents, to overcome this limitation and
to infer conclusively about the feeding habit of any particular fish species.
Thus, while studying the food and feeding habit of the canine catfish-eel, Plotosus
canius Hamilton, it was felt essential to study the structure and function of the
alimentary canal and its associated structures and to correlate the same with the type of
food encountered in the gut (Sinha 1984).
2.

Material and method

Live specimens of P. canius, brought to fish assembly centre at Kakdwip (HooghlyMatlah estuary), were used for this study. For morphological and anatomical studies,
the fishes were dissected along the ventral side of the abdomen. Detailed morphological studies of the buccopharynx, alimentary canal, liver and gall bladder were made
by examining the structures by means of a hand lens. The dispositions of the mucosal
"Part of Ph. D. thesis submitted to University of Calcutta, Calcutta.
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folds of the different regions of the alimentary canal were studied under a binocular
microscope by administering a longitudinal incision on each region, initially, and
mounting the tissue in glycerine subsequently.
For histological studies, small pieces from different regions of the alimentary canal
were removed from live fishes, washed in normal saline and fixed in aqueous Bouin's
fluid for 12-24 hr in separate tubes. The liver was removed and fixed separately.
Transverse paraffin wax sections (5-8/-l thick) were then made, stained in Delafield's
Haemotoxylin, counter stained by Eosin and mounted in DPX, following standard
methods. The histological structures of different organs were studied from these
sections.
For total length-gut length ratio, the total length of the fish and the length of the gut
(oesophagus to rectum) was recorded of 239 fish, ranging in length from 40 to 538 mm,
collected for other biological studies.

3.

Observations

3.1 Morphology and anatomy
The adaptations of the alimentary canal of fishes to their food habits are particularly
evident, amongst others, in relative length of the gut. This ratio, calculated in case of P.
canius individually, showed no marked difference with the increase in the size of the
fish. It did not show any seasonal variation too. Figure I depicts the observed gut
lengths of fishes in relation to their total lengths. The ratio was found to range from
0-78-1'19, with an average of 1·08 and with a coefficient of variation of 7·46 % which is
not significant at 238 d.f.
The alimentary tract of P. canius is not a uniform tube throughout, but is rather
thrown into a number of turns. Except for the mouth and buccopharynx, the other
regions are partially differentiated morphologically but their differentiation is clearly
marked anatomically because of difference in the nature of their mucosal folds. The
regions which can be recognised in the alimentary tract of this species are: mouth,
buccopharynx, oesophagus, stomach, intestine and rectum. The details of the
morphological, anatomical structures of these as well as the associated structures,
are as follows.

3.1.1 Mouth: The mouth of P. canius is comparatively small. The gape of the mouth
is transverse. The upper jaw is slightly longer than the lower, so that mouth opening is
distinctly downwards (figure 2). Upper lip is thicker and cartilaginous.
3.1.2 Buccopharynx: The buccal cavity is narrow anteriorly and wider posteriorly,
whereas, it is vice versa in the pharyngeal cavity (figure 3). The base of the cranium
forms the roof of the buccopharynx, whereas, its side and floor are supported by
branchial arches and median urohyal respectively. The mucosal thickening at the
anterior part of the floor is suggestive of a tongue-like structure. The roof of the
buccopharynx con tains maxillary, vomerine and pharyngeal teeth, whereas, the floor is
provided with mandibular and horny pad teeth. The maxillary teeth are small, conical
in shape and arranged in three rows. They remain outside the buccal cavity when
mouth is closed (figure 2). The vomerine teeth are molar-like, three to four rows in the
middle and one or two rows on sides. The pharyngeal teeth are small. conical in shape
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and are placed in two semi-circular patches, supported by the pharyngo-branchials of
the second and third gill-arches. Mandibular teeth are borne on dentaries and are like
vomerine teeth in shape. They are the largest amongst all buccopharyngeal teeth. The
horny pad teeth are lodged on a pair of horny pads and are nearly as large as the
pharyngeal teeth. The horny pads are fused with the inner surface of the fifth branchial
arch which is reduced to a single strong bone on either side and is without any gillfilament, resembling 'os pharyngeous inferior' of Goodrich (AI-Hussaini 1949).
It is evident from the above that dentition in P. canius is heterodont. All teeth in the
buccopharynx point backwards. They are slightly inclined in such a manner that
vomerine and pharyngeal teeth of the upper side face mandibular and horny pad teeth
of the lower side of the buccopharynx respectively.
The gill-rakers are short, being the longest on the first branchial arch and gradually
reduced thereafter. Their number is 21, 18, 15, 9 and 7 on first, second, third, fourth
and fifth branchial arches respectively. In the case of third, fourth and fifth branchial
arches they give an appearance of conical shaped teeth, set wide apart.
3.1.3 Oesophagus: Buccopharynx leads into oesophagus which is tubular, of a
greater calibre in front, passes dorsal to the pericardial chamber and after getting
through the septum transversum enters into visceral cavity (figure 5a). In the visceral
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Ventral view of the anterior portion of P. canius.

cavity it passes over the lobes of the liver. There is a slight external indication of the
passage of oesophagus into the stomach, but if the oesophageal tube is cut open, the
line of demarcation is well marked because ofdifference in the nature ofmucosal folds.
The mucosa of the oesophagus is of thick reticular longitudinal folds provided with
thin transverse folds in between (figure 5b).
3.1.4 Stomach: P. canius lacks a true sac-like stomach, commonly found in
carnivores. The stomach can only be differentiated from the rest of the alimentary
canal for its being a little wider from the rest (figure 5a) and because of specific
structures ofthe internal mucosal folds. The pyloric region of the stomach is small with
a slight external constriction at its junction with the cardiac stomach. The mucosa of
the cardiac stomach is provided with thick longitudinal folds, with a few transverse
folds in between connecting them (figure 5c).
3.1.5 Intestine: The intestine takes its origin from the pyloric end of the stomach
(figure 5a). It is convoluted and is held in position by the mesentery. The bile duct
enters the intestine close to its origin from stomach. Variations in diameter and
dispositions of the mucosal folds occur in the anterior and posterior portions of the
intestine. The anterior part of the intestine has longitudinal mucosal folds, set wide
apart, with reticular thin mucosal folds in between (figure 5d). The same in the
posterior part is much closer with no reticular connections (figure 5e).
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Bucco-pharyngeal region of P. canius.

3.1.6 Rectum: The rectum is short and cannot be distinguished externally from the
intestine proper (figure 5a). The mucosal folds here are in the form of thick longitudinal
bands (figure 5f).
3.1.7 Associated structures: Liver: The liver is the principal digestive gland in P.
canius. It is reddish brown in colour. convex on its outer surface and surrounds part of
the alimentary canal on its ventral surface. The gland is not divided into distinct lobes.
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Figure 4. The five branchial arches of P. canius.

Gall Bladder : The gall bladder is a small, round. greenish, sac-like structure lying
below the right of the liver. The bile duct is short and opens into intestine , close to its
origin from stomach.
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Figure 5. Alimentary system of P. canius. (a) Nature and disposition of alimentary tract;
(b )--{f) mucosal folds of different regions.

30

M Sinha

3.2 Histology
The alimentary canal of P. canius is made up of several layers which ditTer in various
regions of the tract. The histological details of the alimentary canal are as follows:

3.2.1 Pharynx (figures 6a, b): The wall of the pharynx is made up of three layers, viz.
mucosa, submucosa and muscularis mucosa. The mucosa is composed of stratified
epithelium and gets folded to form villi-like projections. The epithelium is composed of

Ca)

(b)
Figure 6.

T.S. of pharynx of P. canius. (a) x 40: (b) x 100.
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mucous cells, taste buds and undifferentiated cells. The mucous cells are generally
arranged superficially and are located on the side walls of the crypts. They are either
elongated or oval and are arranged with their long axis perpendicular to the surface of
the epithelium. Those that open to the exterior are goblet shaped. The mucous cells are
derived from the undifferentiated cells and as such their different stages could be made
out throughout the thickness of the epithelium. Taste buds are a few in region but are
present both in anterior and posterior part of the pharynx. They are flask-shaped and
consist of elongated cells with their nucleii situated more towards their base than
towards their centre. The free surface of the taste bud is generally sunk, giving the
appearance of a gustatory pore. The undifferentiated cells occupy the remaining space
of the epithelium. They vary in size and shape. Some of them are columnar and others
cubical.
The sub-mucosa of the pharyngeal region of P. canius can be broadly divided into
two parts. The narrow one, immediately next to mucosa, containing compactly
arranged connective tissue, and the broader one, beneath it, having loose areolar
connective tissue. The loose broader region contains in its meshes longitudinal muscle
bands.
The muscularis-mucosa layer of pharynx consists of muscle bands, forming two
coats. The longitudinal muscle bands which are found in the areolar connective tissue
forms the inner coat of the musculature, whereas, the transversely disposed, circular
muscle bundles occupy fairly a good portion of the thickness of the pharyngeal wall
and form the outermost coat. Both these muscles are of striated type.
3.2.2 Oesophagus (figures 7a, b): The oesophageal wall is formed of four layersmucosa, sub-mucosa, muscularis-mucosa and serosa. The mucosa formed of striated
epithelium, is composed of mucous cells and undifferentiated cells. Taste buds are
totally absent in this region. The epithelium of the anterior region is thicker than that of
the posterior region of the oesophagus. The villi of the anterior region which are
longitudinal and uninterrupted are blunt towards their tips and are of uniform size.
The crypts are narrow. In the posterior region, the epithelium is thrown into folds and
bear comparatively sharp edges which on meeting together almost fill up the lumen of
the oesophagus. Mucous cells occur in large numbers in the posterior region of the
oesophagus. Mucous cells of the oesophagus are like those of the pharynx in shape.
The actively dividing undifferentiated cells are found towards the anterior part of the
oesophagus.
The sub-mucosal region of the oesophagus consists of connective tissue fibres,
loosely arranged, so as to form a meshwork. It is well vascularised and innervated. This
tissue forms the central core for the folds of the oesophagus. It also forms a layer all
around the epithelium.
The muscularis-mucosa layer of the anterior region of oesophagus is divisible into an
inner longitudinal layer and an outer circular coat. The circular muscle fibres are
transversely disposed and form a major part of the thickness of the wall ofoesophagus.
The muscle fibres of this region too are of striated variety.
The serosa is a conspicuous layer in this region, consisting of connective tissue fibres
and cells, blood vessels and nerves, covered externally by flattened peritoneal cells.
This coat of the oesophagus is external to circular muscle fibres and is continuous with
the connective tissue found in this region.
Histologically observed structural details of oesophagus are a little different in the
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Figure 7. T.S. of oesophagus of P. canius. (a) x 40; (b) x 100.

posterior portion, where it passes into stomach. The main difference is the transformation of the stratified epithelial layer of mucosa into columnar epithelium. The submucosal layer diminishes in thickness and in the muscularis mucosa layer the position
of the circular and longitudinal muscles are reversed, i.e. the inner layer is of circular
muscle fibres and outer of longitudinal muscle fibres.
3.2.3 Stomach (figures 8 and 9): This part of the digestive tract can be structurally
divided into an anterior cardiac region and a posterior pyloric region. Both the cardiac
and pyloric stomachs are each formed of four usual tissue layers of mucosa , submucosa , muscularis -mucosa and serosa . The histological structure of the cardiac and
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T.S. of cardiac stomach of P. canius. (a) x 40; (b) x !OO; (c) x 400.
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Figure 9.

T.S. pyloric stomach of P. canius. (a) x 40; (b) x 100.

pyloric stomachs are similar in other layers but for the structure of the mucosal layer.
The mucosa of the cardiac stomach contains two types of epithelia, superficial and
glandular. The superficial layer is made up of simple columnar epithelial cells which is
thrown into a number of gastric folds. Each fold is supported by connective tissue
fibres. The glandular layer of mucosa contains gland cells of the gastric glands which
are of simple tubular type. Only one type ofcell is seen amongst gland cells. This region
is divided into compartments or blocks by the connective tissue septa found at regular
intervals which connect the 'tunica propria' on one hand and the connective tissue,
found beneath the gland cells, on the other.
The mucosa of the pyloric stomach form long villi, some of which may give rise to
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secondary foldings. It is made up of only one layer of epithelial cells of columnar type.
Gland cells are absent in this region and so is 'tunica propria'.
The sub-mucosal layer of the stomach consists of sub-epithelial connective tissue. It
is well developed in both the regions of the stomach. Not only does it form the central
core of the gastric glands but also a circular layer internal to circular muscle fibre.
The muscularis-mucosa, in both the regions of the stomach, consist of thick internal
circular muscle fibres and a thin external longitudinal muscle layer. The muscle fibres
of the stomach are of non-striated type except in the region where oesophagus passes
into stomach. The muscularis-mucosa layer of the stomach is thicker than the
oesophageal and pharyngeal regions.
The serosa is of considerable thickness in this region and its structure is very much
like that in the oesophageal region. At various places in the stomach wall the serosa is
connected with the sub-epithelial connective tissue of sub-mucosal layer by connective
tissue fibres.
3.2.4 Intestine (figures 10 and 11): The four usual tissue layers are present in this
region as well. The mucosa is formed of simple, cylindrical columnar cells and is
thrown into a number of folds which branch occasionally. In anterior portion of the
intestine, the villi are longer and branched, whereas, in the posterior region they are
unbranched and short. In addition to columnar cells, mucus-producing cells of the
goblet type are also present in the mucosal layer of the intestine. Their number is much
more in the posterior part of the intestine. The mucosal layer of the anterior intestine is
quite broad and at places invaginated within the villi.
The sub-epithelial connective tissue, forming the sub-mucosal layer, forms the
central core of the intestinal folds, as well as a thin layer internal to circular muscle
fibres. This is richly vascularised and innervated.
The muscle fibres of the muscularis-mucosa layer are smooth and of non-striated
type. These are arranged to form an internal circular muscle layer and an external
longitudinal muscle layer. Longitudinal muscle fibre layer is comparatively thinner
than the circular muscle fibre layer in this region. The circular muscle fibre layer is at
places traversed by connective tissue layer of sub-mucosa. The muscularis-mucosa
layer of the intestinal region is even thicker than that of pyloric stomach region.
The serosal layer is thickest in this region of the alimentary tract and its composition
is much more like that seen covering the stomach region.
3.2.5 Rectum (figure 12): Tissue layers of the rectum are almost similar to that of
intestine. Villi are fewer in number and are short and broad. Mucous cells are
abundant. Muscularis-mucosa layer is comparatively thinner than that of intestine.
Serosa forms a very thin layer in this region.
3.2.6 Liver (figure 13): The liver is enclosed in a thin covering of a fibrous
connective tissue, the capsule, and is made up of characteristic polygonal hepatic cells
with granular cytoplasm and spherical nucleii. Exocrine pancreatic acini lie embedded
between the hepatic cells. Numerous patches of such pancreatic tissue are present. The
exocrine cells are arranged in 1-3 rows, encircling the blood capillaries. The acini lying
in the close proximity of the blood capillaries are columnar, whereas, the rest are
pyramidal in shape. A typical exocrine cell contains a basal homogeneous region and
an apical part, containing numerous zymogen granules.
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Figure 10. T.S. of anterior intestine of P. canius. (a) x 40; (b) x 100.

Islets of langerhans could not be located in the liver of P. canius. Any other
pancreatic tissue, lying outside the liver, was also not found in this species.

4.

4.1

Discussion

Morphology and Anatomy

The ventrally placed mouth of P. canius suggests a bottom feeding habit of the species.
Khanna (1962) recorded a wide protractile mouth opening in the carnivorous fishes
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Figure ll. T.S. of posterior intestine of P. canius. (a) x 40; (b) x 100.

studied by him. The mouth in case of P. canius is transverse, non-protractile and
comparatively small. The buccopharyngeal region bears small, sharp and pointed teeth
on the maxilla and in the pharyngeal region, whereas, the vomerine and mandibular
teeth are molar-like. According to AI-Hussaini (1947), pointed and conical teeth are
commonly present in carnivorous predatory fishes. Several authors have reported the
presence of well developed teeth in the buccopharyngeal region ofcarnivores (Das and
Moitra 1956; Khanna 1962; Khanna and Mehrotra 1970). According to Das and
Moitra (1956), the buccopharyngeal region of carnivorous fishes are provided with
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Figure 12. T.S. of rectum of P. canius. (a) x 40; (b) x 100.

highly specialised teeth for seizing, holding and tearing of ingested prey. The caninelike maxillary teeth of P. canius is suitable for tearing the prey, whereas , the molariform
vomerine and mandibular teeth are probably meant for crushing. The conical teeth of
pharynx and horny pad are so small that they can only perform the function of seizure
of the prey with the help of the conical teeth-like gill-rakers of the third , fourth and fifth
gill-arches. The structure of teeth in P. canius, thus , suggests that the food material
enters the oesophagus after being crushed, unlike what is commonly found in other
carnivore teleosts where the food is swallowed as a whole (Kapoor 1953; Barrington
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T.S. of liver of P. canius. (a) x 40; (b) x 100.
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1957; Mohsin 1961). This inference is also supported by the fact that the food material,
broken up into small fragments, was invariably observed in the stomach ofthis species,
during gut content analysis. An arrangement for crushing the food in case of P. canius
is essential too, as both molluscs and crabs, the most preferred food item of the species
(Sinha 1984), have hard exoskeleton which need to be broken to reach at the animal
proper. Barrington (1957) was of the opinion that the provision of such a crushing
arrangement may have a bearing in the absence of a true stomach in any carnivore.
Al-Hussaini (1947) described the gill-rakers as short or absent in the carnivorous
fishes. Khanna (1962) and Kapoor (1965) believed that in carnivorous fishes the gillrakers have been modified to form pointed teeth-like structures and supplement the
teeth in macerating and preventing the escape of ingested prey. In P. canius it was
observed that the first and second gill arches are provided with small gill-rakers. The
size and number of gill-rakers is greatly reduced in the case of third, fourth and fifth
gill-arches where they give more an appearance ofconical-shaped teeth, set wide apart.
These are, probably, employed for grasping and preventing the escape of the prey in
association with other sets of teeth of the pharyngeal apparatus. It, thus, appears that
the carnivorous nature of this species is responsible for such adaptive modifications in
the structure of gill-rakers,
Venkateswarulu (1962) observed that structurally there is no difference in the nature
of oesophagus of herbivorous and carnivorous fishes. But according to Mehrotra and
Khanna (1969), carnivorous and piscivorous fishes preying on larger organisms, have
generally larger distensible oesophagus. In the present study, it was observed that
P. canius possesses a short oesophagus which has greater calibre in front. A large and
distensible oesophagus is not required in this case too, as the food enters the
oesophagus after being crushed. Sarkar (1959) also observed a short and narrow
oesophagus in the carnivorous fish, Mystus seenqhala.
P. canius lacks a true sac-like stomach, commonly found in carnivores. It is tubular
in nature, being wider than oesophagus and intestine, its preceding and succeeding
portions in the alimentary tract respectively. This type of stomach have been reported
earlier also in many carnivores (Das and Moitra 1956; Venkateswarulu 1962; Moitra
and Ray 1979).
It is generally known that the intestine is the longest in herbivores and shortest in
carnivores with intermediate values in omnivores (Das and Moitra 1956; Sinha 1972;
Kapoor et a/ 1975). The intestine of P. canius though convoluted, is comparatively
short with the gut length-total length of fish ratio ranging between 0-78-H9 (av.
1'08). According to Khanna (1962), the type of food ingested by a fish primarily
influences the length of the gut. Barrington (1957) was, however, of the opinion that
more than one factor is responsible for determining the ratio between the length of the
gut and total length ofthe fish. AI-Hussaini (1949) showed that the shortness of the gut
in a fish may be compensated by the increase in the complexity of its mucosal folds and,
thus, the length of the gut is affected by its average mucosal area. In P. canius the
mucosal folds of the intestine are of complex nature, having longitudinal as well as
reticular bands in the anterior portion, which appear to have probably evolved to
compensate for reduction of intestinal length, so as not to affect the total absorptive
area.
The liver is the principal digestive gland in P. canius. Slipper (1946) classified
the distribution of pancreas in teleosts in five types: pancreas compactum, pancreas diffusum, pancreas disserninatum, pancreas juxtoahepaticum and pancreas
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hepaticum. Pancreatic tissue in P. canius were observed to be present in a primitive
diffused state, lying only within the hepatic tissue in a dispersed condition. No other
type of pancreatic tissue could be recognised in this species. It can, thus, be said that
only 'pancreas hepaticum' of Slipper (1946) was observed in P. canius.
4.2 Histology

Bhimachar (1935) divided fishes into three groups according to their mode of feeding,
viz those feeding by sight only, those feeding by taste and those feeding by both sight
and taste. Khanna (1968) opined that the taste buds are rare or absent in fishes which
fed by sight only and few taste buds are present in those which fed by sight and taste,
while in fishes feeding by taste only, abundant taste buds are present. Pasha (1964)
concluded that carnivorous fishes do not require a well organised sense of gustation.
The buccopharynx which is lined by stratified epithelium and is richly supplied with
mucous cells and often with taste buds, has been assigned the function of seizure,
control and, probably, selection of food by Barrington (1957). Kapoor et al (1975)
regarded the main function of this region to be mucus production and gustation. In
P. canius it has been observed that taste buds are very few, present only upto the
posterior part of the pharynx and are poorly developed. They are entirely absent from
oesophagus downwards. Similar observations have also been made by Mehrotra and
Khanna (1969) and Moitra and Ray (1979) in the carnivores studied by them. This
pattern of distribution of taste buds in P. caniusindicates that this has only a secondary
importance in food selection in this species. This job, probably, being primarily done
through sight and four pairs of barbels encircling the mouth (figure 2).
In P. canius mucous cells are few in buccopharyngeal region, with their concentration gradually increasing posteriorly. They are much more abundant in the
oesophageal region. They are comparatively bigger in size too in this region. The
stomach region is again devoid of mucous cells with their number again increasing in
the intestinal region, posteriorly. The maximum concentration of mucous cells is in the
posterior region of the intestine and the rectum. The mucous cells secrete mucus for
binding together the coarser food particles to form the bolus for onward transmission
along the gastro-intestinal tract (Al-Hussaini 1949)and also for protection of the soft
epithelial lining from mechanical injury (Moitra and Sinha 1972). The mucous cells of
the buccopharyngeal region, as well the oesophagus, of P. canius are, probably,
responsible for mucus production to lubricate the food for easy swallowing into the
stomach, a purpose assigned to mucous cells by Al-Hussaini (1949). The fewer mucous
cells in the anterior intestine of P. canius, is probably because the need for lubrication
of the food is minimised in the anterior intestinal region, as it enters the said region in a
comminuted and semidigested condition. Fewer number of mucous cells in anterior
intestinal region may also be for the fact that excess of mucus in this region would
weaken the digestive juices as well as impair absorption. The posterior intestine has
more number of mucous cells, probably for lubricating the undigested food material
for onward progression into the rectum. The mucous cells attaining maximum
concentration in the rectal mucosa, is obviously to facilitate defaecation (Al-Hussaini
1949).
The mucosal layer of the buccopharynx and oesophagus is made of stratified
epithelium, whereas, stomach downwards is of columnar epithelium. The superficial
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layer ofcolumnar epithelium ofcardiac stomach has been described to be absorptive in
function (Blake 1936). AI-Hussaini (1946), however, considered these cells to be
responsible for secreting mucus too, where no mucous cells are found in this region. In
the present case, it may, thus, be said that columnar epithelial cell of the stomach
region perform dual function of secretion of mucus and absorption of digested food
materials, since no mucous cells are found in this region in this species. An identical
function of the superficial epithelium of the gastric region has also been described by
Mehrotra and Khanna (1969) and Moitra and Ray (1979) in carnivores studied by
them. The columnar epithelium cells of the intestine are only responsible for absorptive
function since the mucus production function here is taken up by specific mucous cells.
A large number ofgastric gland cells which are simple and oftubular type are present
in the glandular epithelium of the cardiac stomach of P. canius. Unlike in higher
vertebrates, only one type ofcell was observed in the gastric gland of this species. Only
one type of gland cell in the gastric region has been reported by Blake (1936), Sarkar
(1959), Pasha (1964), Mehrotra and Khanna (1969) and Moitra and Ray (1979) in
several other species. Hence, it can be inferred that the gastric glands of P. canius show
a more primitive organisation than in higher vertebrates.
In P. canius, the villi of the anterior intestinal region show secondary foldings and
branchings. Khanna and Mehrotra (1971) stated that such foldings may help to
increase the total absorptive surface area of the intestine. Al-Hussaini (1949) was ofthe
opinion that these secondary foldings and branchings are more in fishes with shorter
intestine to ensure optimum absorptive surface.
The wall of the pharynx and oesophagus are comprised of inner longitudinal muscle
fibres and outer circular muscle fibres, whereas, stomach downwards the position is
reversed, in this species. Such an arrangement of the muscle layers appears to be
associated with the carnivorous habit of the species. Whereas, the outer circular and
inner longitudinal muscle layers in the pharynx and oesophagus provide additional
strength to the mucosal folds and increase their elasticity to facilitate the swallowing of
the larger organisms, the reverse arrangement of the muscle layers in stomach and
intestinal regions aids to the elasticity of their walls within specific limits.
Striated muscles are known to be voluntary in nature, whereas non-striated are
involuntary. The presence of striated muscle fibres in the region of pharynx and
oesophagus in P. canius must be to help the fish in regurgitation or voluntary
swallowing of the food. No such function is to be served in the region of stomach
downwards, where the food is to simply move onwards with the peristaltic movement
and thus, the muscles here are of non-striated type.
The pancreas in P. canius occurs in primitive diffused condition and remains
embedded within the intra-hepatic tissue. Similar pancreatic cells have been reported in
other fishes by Moitra and Ray (1979). Islets of Langerhans could not be located in the
pancreas of P. canius, a feature also reported by Moitra and Ray (1979) in fishes
studied by them.
It can, thus, be inferred from the above studies that the digestive system of P. canius
is of a carnivore, with characters of both primitive as well as developed carnivorous
nature. The narrow, non-protractile mouth, lack of true sac-like stomach-a feature
uncommon for a true carnivore, and the total length of the fish-total gut length ratio
of near unity are all suggestive of its primitive carnivorous nature, whereas, the caninelike maxillaries and molariform vomerine and mandibular teeth, very well suited for
tearing and crushing of the prey respectively, are suggestive of a well developed

Morpho-histology of digestive organs of P. canius

43

carnivorous nature. The food preference study of the species (Sinha 1984) also
suggested predatory carnivorous habit of the fish which was evident right from its
fingerling stage. The two studies of food preference and morphology, anatomy and
histology of the alimentary canal and its associated structures, together complement
each other and establish P. canius as a predatory carnivore which preys on aquatic
animals of small size.
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