Proc. Indian natn. Sci. Acad. B56 No. 4 pp 327-334 (1990)

On the Food and Feeding Habits of Puntius vittatus (Day)
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A detailed illustrative account is furnished on the morphological adaptations of the digestive system of
Puntius vittatus in relation to its mode of life in the environment. The food and feeding habits of P. vittatus
have been studied based on an analysis of the gut contents for a period of one year. From the analysis of
food items preferred by the species, it is observed that the fish is a herbivorous feeder, detritus and algae
being the most preferred food items. A shift in the food spectrum has been observed which is very
significant in the adults which mainly feeds on algae and higher aquatic materials. A significant inverse
relationship exists between the feeding intensity and breeding cycle.
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Introduction

Although a good deal of work has been done on the
digestive system and food and feeding habits of
certain cyprinid fishes (Menon & Chacko 1956,
Chakorbathy & Singh 1967, Fernando 1956, Bhat-
nagar 1963, Yusuf Kamal 1967 a, b, and DeSilva &
Kortmulder 1977) not much information is availa-
ble regarding these aspects in P. vittatus. Hence the
present investigation were under taken principally
with a view to examining the gross morphology
and the food and feeding habits in detail.

Materials and Methods

The present study was based on monthly random
samples collected from the chackai canal near
Trivandrum. The specimens were brought to the
laboratory and preserved in 5% formalin. After
carefully examining the gross morphology of the
alimentary tract, the entire guts were taken out for
the analysis of the different food items. Because of
the presence of diatoms, macroplant materials as
well as detritus in the gut of this species, the ‘points
method’ of Swynnerton and Worthington (1940)
as reviewed and modified by Venkataraman (1960)
was followed. The intensity of feeding was recor-

ded based on the state of distens:on of the gut and
the amount of food contained in it. (Kow, 1950).
The components of the stomach contents were
usually identified upto generic level and whereever
possible upto species level with the help of
standard identification keys.

General course of the alimentary canal in
P.vittatus.

The alimenwary canal of P. vittatus can be dema-
rcated into the buccal cavity, pharynx, oeso-
phagus, intestinal bulb, intestinal proper and’
rectal regions (figure 1 & 2).

The buccal cavity is bounded anteriorly by the
mouth. The lips are pronounced and slightly pro-
trusible. When protruded, it is circular in shape
and when retracted it is crescent-shaped. The
mouth is bounded anteriorly by edentate jaws. The
floor of the buccal cavity is more or less flat and has
a muscular prominence. Though it cannot be rega-
rded as a true tong.uc, it conforms to the tongue of
higher vertebrates.

The narrow posterior part of the buccal cavity
passes into the pharynx which has two regions, the
anterior part which is gustatory while the narrow
posterior part has a masticating function. The
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Figure 1 Dissection showing the alimentary canal and
associated structures viewed from the ventral side in
P. vittatus

foldings of the buccal cavity increase in number
and get closely packed in the anterior pharynx for-
ming a prominent cushion like pad. This bears
finger like pappillac which are gustatory in func-
tion. The floor of the pharynx is supported by carti-
lage bone from the sides of which, the gills arise
fringed with gill rakers which are short and uni-
formly spaced and are arranged on alternate rows
on either side. The first gill on its anterior border
bears ten short rakers and 16-17 short ones in the
back row, so that the gill rakers on one side inter-
digitate with those of the opposite side acting as
strainers so that small food items are not lost
through the gap.

The anterior pharynx is follwed by the posterior
pharynx the floor of which bears two sets of phary-
ngeal pad, with each being formed of three rows.
The first row is composed of four large and one
small teeth, second and third having three and two

Figure 2 Bucco-pharyngeal cavity of P. vittatus

smaller hook-shaped teeth and all the remaining
spatulate in shape making a total of ten.

The pharynx continues posteriorly to form a
short and muscular tube the oesophagus, which
opens directly into the intestine. The oesophagus
at the distal part slightly dilates to form a bulb
termed the intestinal bulb (Rogick 1931). A true
stomach comparable to that present in the major-
ity of bony fishes is absent in Puntius vittatus but its
place is taken up by the enlargement of the anterior
part of the intestine - Intestinal bulb, which is a
special feature of cyprinids. The intestinal bulb is
broader in the anterior one third of its length and
passes imperceptibly into the intestinal proper
which is an elongated and coiled structure which
forms by far the greater length of the gut. After



emerging from the intestinal bulb, the intestine
turns forward and runs anteriorly for a short dist-
ance and on reaching about the middle of the intes-
tinal bulb, it turns leftward and after extending for
some distance it takes a broad curve to the front
and reaching the anterior end of intestinal bulb it
gently curves backwards and runs parallel to the
first arm beyond the posterior limit of the intestinal
bulb, opening out at the anne through a short
tubular caudally tapering rectum which is not
demarcated externally.

Liver surrounds most of the intestinal bulb. An
elongated asymmetrically bilobed structure it
extends from the middle of the oesophagus to the
anterior part of the intestine. The two lobes are not
completely separated from each other, but remain
united with one another, of the two lobes, the left
one is smaller in size than the right. The lobes of the
liver are thickest in the middle and tapers especially
towards the posterior end. The gall bladder is
embedded in the liver. The bile is somewhat green-
ish liquid which imparts the characteristic colour-
ation to the gall bladder.

Qualitative and quantitative analysis of the gut
contents of P. vittatus.

The percentage composition of food and its
monthly variations for the different length groups
are presented in table 1. An examination of the gut
contents of Puntius vittatus revealed the presence
of the following:
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Chlorophyceae formed the major component of
the food, with a mean percentage composition of
27.9% and occurred through out the year.

Myxophyceae occurred during all, the months
in the gut and ranked second in importance among
the algal components (21.3%). Six species of
Myxophyceae were observed.

Bacillariophyceae formed about 20.4%. This
item of food were represented by eight species.

Four species of Desmidaceae werg represented
and formed about 3.1% among all the other items
of food.

Crysophyceae was represented only by the
genus Nitzhia spp (4.7%).

Detritus was most commonly noticed with a
mean percentage value of 22.0. They were of com-
mon occurrence in the gut contents of P. vittatus.

(i) Fluctuations in the composition of the food
items for the length group 26-35mm.
Specimens ranging in between 26-35mm were
used for the present study and the guts were about
half-full. Bacillariphyceae formed the most
important item of food of this length group with a
mean percentage composition of 20.1%. Chloro-
phyceae ranked second in importance with an
average percentage composition of 14.8%. Myxo-
phyceae (13.7%) and Crysophyceae (13.5%) were
of equal importance in the gut contents of this
length group. Desmidaceae also formed a part of

Table 1 The nature of food items in the three length groups and in the total population of P. vittatus

Food items in % 1 11 1 Total
Length group  Length group  Length group Population
26-35mm 36-45mm 45-55mm
Chlorophyceae 14.8 29.9 26.0 27.9
Myxophyceae 13.7 21.2 19.5 213
Bacillariophyceae 20.1 20.6 17.4 20.4
Crysophyceae 13.5 37 — 47
Desmidaceae 11.0 4.0 — 3.1
Detritus — 20.1 26.3 220
Dinophyceae — — 1.2 0.24
Rotifer — — 0.76 0.20
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the diet with an average percentage composition of
all in there size groups of specimens. Higher plant
matter and detritus were conspicious by their abse-
nce in these size groups (table 1).

(ii) Fluctuations in the composition of the food
items for the length group 36-45mm. Fishes of this
length group had recognizable food remains in the
gut and were about three quarter full. Chloro
phyceae (29.9%) dominated the gut contents of
this length group, throughout the year. Myxo
phyceae ranked second in importance forming a
mean percentage of 21.2% occurring throughout
the year. Bacillariophyceae with a mean percent-
age composition of 20.6% were of common occur-
rence along with myxophyceae. Detritiform mate-
rials formed a substantial part of the diet along
with the algal components forming as much as
20.1% while crysophyceae (3.7%) and desmidac-
cae (4.0%) formed only a minor component in the
gut contents of this length groups. (table 1).
(iit) Fluctuations in the composition of the food
items for the léngth groups 46-55mm. The mean
percentage composition of the various food items
of this length group is presented in table 1. From
the table it is evident that algal components domi-
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nated the gut contents of this size group. Among
the algal components chlorophyceae (26%) was
observed as the chief item of the food of these speci-
mens followed by myxophyceae (19.5%) and Baci-
Hlariophyceae (17.4%). Detritus which formed
about 26.3% of the gut contents occurred almost
throughout the year and constituted a major item
of the diet with the algal componerits. Crysophy-
ceae (2.4%) was observed only very rarely in the
adults. Desmidaceae was absent in this size group
throughout the year. Dinophyceae was repre
sented as a minor item forming only about 1.2%.
Rotifers were observed once or twice only in these
size groups of specimens (0.76%) showing no regu-
larity in its representation in the gut contents of
these specimens.

From the above observation it would appear
that diatoms formed the most favourite item of
food of small sized fishes, while algae and detritus
were most preferred by larger size groups.

(iv) Seasonal variation in the rate of feeding.
The data on the monthly variation in the feeding
intensity of the total population is presented in
figure 3. From the figure it is evident that feeding
records its high value in December (35.0%) and
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Figure 3 Relationship between empty guts and feeding intensity



thereafter a decreasing trend is observed till Febru-
ary (16.6%). The feeding rate showed an increase
from February till April (30%). Thereafter the fee-
ding rate was poor till August (11.1%). The rate of
feeding was again found to increase during Septe-
mber (22.2%), showing the peak value in Decem-
ber (35%) while minimum value of 7.4% was obse-
rved in November.

Empty guts occurred in greater numbers in
adults than in juveniles. The percentage of empty
guts in younger specimens had been considerably
low and showed very little seasonal fluctuations
and hence the occurrence of empty guts in younger
size groups has not been dealt with here. In the total
population a high percentage of empty guts had
been observed during the period from April to
June (46.6, 53.3, 63.3%) and low percentage was
observed in September (11.1%) and December
(10.0%). In the total population the percentage of
empty guts showed an inverse relationship with the
feeding intensity (figure 3).

Discussion

There exists an inter-relationship between the
nature of the diet, structure of the teeth and alimen-
tary canal. The range of dietary specialization can
be traced from the diverse structural modification
of the organs concerned with the capture of food,
feeding, digestion and absorption. In the present
study on P. vittatus, the structure of the mouth
shows modifications in relation toits feeding hab-
its. The semi-circular mouth of this speciesisenti-
rely different from that of carnivorous or omnivor-
ous fishes. This is due to the fact that the food cap-
ture mechanism of herbivore is more complex than
that of the other groups. They have to nibble or
scrape algae from a hard substrate and crush hard
plant cells or strain an enormous volume of water
to retain a small quantity of plankton. Another
feature that is associated with feeding is protrusibi-
lity. According to Alexander (1967) protrusibility
is an adaptation to pick up food buried in the soil or
under crevices in the case of herbivores or for hand-
ling the prey in carnivores, Generally speaking, in
herbivores, the small mouth is not highly protrusi-
ble or not at all. This is due to the fact that the
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objects of which it takes hold is small & stationary.
P. vittatus being a herbivore uses its slightly protr-
usible mouth to nip off algae attached to rocks.

The presence of lips is another specific adaptat-
ion for feeding (Fange & Grove 1979). In P. virtat-
us, the lips are covered with thick flaps of skin
which form the boundary of the mouth aperture.
The functional significance of this thickening is not
fully understood, possibly it serves in the sucking
out of prey from their holes or as a shock absorber
when the fish forces its mouth against the rock.
(Greenwood 1974).

In P. virtatus, the floor of the buccal cavity is
more or less flat and has a muscular prominence.
Though it cannot be regarded as a tongue, it con-
form to the tongue of higher vertebrates. This may
be due to the fact that this species feeds on sluggish
food material which does not make effort to escape
from the buccal cavity. No teeth are observed in the
tongue of this species. Considering denitition, as
found by Hyatt (1979) in fishes generally, the struc-
ture and arrangement of the teeth are intimately
related with the type of food and feeding. It is gene-
rally accepted that the more active predators like
T. jarbas, A. lineatus possess strong jaws with
sharp teeth serving to bite & catch the prey; the
inward curvature of the teeth also helps to prevent
the escape of prey from the mouth after ingestion as
has been observed by Suyehiro (1942) in a number
of fishes. However, in P. vittarus, the premaxillae,
maxillae, mandibles and vomer are edentulous. As
aresult a high degree of specialization is observed
in this fish where only the pharyngeal teeth are pre-
sent which help in the disintegrate of vegetable
food (figure 2). Absence of teeth on the jaws acco-
unts for the fact that the fish feeds mainly on in-
active food such as algae and plant materials for
which there is no need for active chasing and chew-
ing, and the feeding method in P. vitrarus is facili-
tated by the pharyngeal teeth which is an adapta-
tion to.the nature of the diet of this species.

Regarding the pharyngeal region, one of the
most characteristic striking feature is the presence
of specialized gill rakers. In plankton feeders, the
gill-rakers are closely set structures used for
straining planktonic food from the incurrent
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water, while those forms where the gll rakers app-
ear as blunt teeth are carnivorous. (Fange & Gro-
ve 1979). In P. vittatus also the gill rakers are clos-
ely spaced on the gill arch, acting as an efficient
seiving mechanism.

The pharynx leads into the oesophagus, which
shows marked difference in structure in different
species of fishes. The presence of a short and nar-
row oesophagus has been observed in Tor torand a
long and wide one in Harpodon nehereus, llisha
filigera, Muraenesox teleban and Channa striatus
(Mehrotra & Khanna 1969). In P. vittatus studied,
the oesophagus is a short, narrow cylindrical tube,
which confirms to the condition described by
Kamal Pasha (1964 a,b,c) for herbivorous fishes.
The oesophagus join the stomach which assumes
different forms in different species of fishes.
Although generally in fishes, the stomach is well
developed the stomachless conditions have been
reported in various species of several families such
as Blennidae, Cyprinidae, Cyprinodontidae,
Gobidae, Scaridae, Mugilidae and Labridae
(Rita 1977 & Sheela 1981). Just as in other cypri-
nids, P. vittatus also has a notable feature in that,
the stomach is totally absent and the oesophagus is
followed by a swelling at the anterior part of the
intestine, the intestinal bulb, which aids in the stor-
age of food. In cyprinidae and catastomidae,
where the stomach is totally absent, the anterior
part of the intestine acts as its morphological anal-
og. As Suyehiro (1942) and Lagleret al. 1962 have
pointed out fishes with well develolped masticat-
ing proceéss for grinding food may not possess a
well developed stomach and this seems to be true of
P. virtatus being possessed with well developed
masticatory processes and thecorresponding lack
of stomach.

The laborious process of foraging in herbivores
and detritivores is followed by an equally labori-
ous digestive process which necessitates, the mor-
phological adaptations of the intestine. The length
varies from 1/5 th to 20 times the body length in the
different species (Fange & Grove 1979). The coil-
ing of the intestine is another specific feature of
fishes. According to Suyehiro (1942) the winding
of the intestine results from lack of space in the

peritoneal cavity for the full length intestinal
coils.

However in P. vittatus, the intestine is long and
highly coiled as in the case of herbivorous and
planktivorous fishes. With regard to the rectum, in
many fishes the terminal part of the intestine is
differentiated as a wider rectum although it is not
morphologically distinct externally (Fange &
Grove 1979). In P. vittatus studied, the intestine
opens out at the anus through a short tubular caud-
ally tapering rectum which is not demarcated
externally. Thus the alimentary canal shows adap-
tation which confirm its herbivorous feeding
nature. Observations on the food and feeding hab-
its of P. vittatus have revealed that this fish is a
herbivore feeding mainly on algae and diatoms.
Absence of sand grains in the gut contents suggest
that this species is not a bottom feeder. Observa-
tions on the gut contents of the different size groups
reveal that the young ones prefer mainly diatoms,
whereas the adults feed mainly on algae and detri-
tus which constitute the major portion of the diet.
As the aquatic vegetation on which this species
feeds is available throughout the year, there are no
significant variation in the percentage composit-
ion of the food items. Das and Moitra (1963) have
also observed that in herbivorous fishes, the seaso-
nal fluctuation in the dietary components are not
very marked due to the fact that the aquatic plants
which usually dominate the diet of fishes always
abound in the environment. According to Varley
(1967) most cyprinids show a change in diet as they
grow older. In Puntius sarana subnasutus, Sobhana
& Nair (1980) have noted a gradual change of pre-
ference from detritus and filamentous algae to hig-
her aquatic plants, molluses and insects, similar
change of preference from diatoms to filamentous
algae and detritus has been observed in the present
study on P. vittatus also. Variation in the feeding
intensity is found to be influenced by growth and
maturation in many fishes. This variation was stu-
died by finding out the food index (Kow 1950).
There was notable variation in the rate of feeding in
P.vitratus. A low rate of feeding has been observed
during the breeding season and this can be attribu-
ted to the fact that when the oocyutes are fully



mature and thus largest in size, the ovary becomes
considerably voluminous thus exerting pressure
on the gut thereby preventing the passage of food
through the alimentary canal.

Occurrence of empty guts is high in adults than
in Juveniles. Carr (1909) observed a high percent-
age of empty guts during winter and this he attribu-
ted to low temperature. In the present study on P.
vittatus, the presence of empty guts in gravid fema-
les may be attributed to reduced feeding activity
during the breeding season.
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