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. Introduction

The carp, Cyprinus carpio (L.), cosmopolitan in its distribution is able
to thrive in different water conditions varying from clear to dirty.
In Japan the artificial propagation of this fish in different hatcheries
has been conducted for nearly two centuries and forms one of the
most important fresh-water fishes both from food and ornamental
point of view. The reason for its wide propagation seems to lie in
its omnivorous habits, in the production of immeasurable eggs and
healthy development of eggs and larvae to the marketable size. How-
ever, the product development of the carp as protein for domestic
or industrial application depends largely upon ample availability,
which is conditioned by the agreeable knowledge of its life history.

1) A Japanese Government Scholarship Holder from Pakistan, at present teaching
in Basrah University, College of Science, Basrah, Iraqg.
2) Fisheries Laboratory, Faculty of Agriculture, Kyushu University, Fukuoka, Japan.



Kuntz and Radcliff (1918) reasonably stated ‘Adequate measures for
conversion of our fisheries resources and the production of maximum
guantity of food with minimum expenditure through propagation me-
thods require as their basis a reasonably complete knowledge of their
life histories and habits of fishes.’

A search in the literatures dealing with the various aspects of carp
life explores the names of Pictet (1909), Smallwood and Smallwood
(1929, 1931), Smallwood and Derrickson (1933), Curry (1939), Uchida
(1939), Klust (1940), Hamai (1941), Suyehiro (1942), English (1952),
Eberl-Rothe (1952), Hikita (1956), Rheder (1959) and McCrimmon (1968).
These works are related with the outlines or descriptions of develop-
ment, rate of growth, the age and maturity and anatomy of the
alimentary canal, which appear in some aspects inadequate and demand
a detailed knowledge of its embryology and general growth.

Gill shows marked anatomical correlation to the feeding mechanism
in fishes and the papers dealing with the gross and minute struc-
tures are of Duvernoy (1839), Biétrix (1895), Goodrich (1930), Bijtel
(1943, 1949), Iwai (1964), Dutta Munshi (1960, 1966), etc. However,
these literatures are sufficiently exhaustive in treatment so as to give
us a full picture of the anatomy and histology and therefore a scar-
city is felt in the availability of the account at various stages of
growth, which forms an important part in the study of the life of a
fish.

The epidermal layer of the integument is the foremost part of the
body exposed to particular ecological conditions ; its main function
being protection from changing environments and the preservation of
the constant milieu interieur. Under the circumstances, the chemical
and tactile senses distributed over the skin and its derivatives serve
to acquaint the fish with the nature of the environment, the edibility
of food, the approach of enemies, etc. Therefore a histological ex-
amination of the head skin, the barbels, the nasal flaps, the operculus,
the conjunctiva of the eye, and the caudal fin of the carp was made
with a particular emphasis on the distribution of sense organs which
are so important in fulfilling the requirements of life.

In the life history of an animal the study of its growth in rela-
tion to its various organs becomes essential because it indicates in
some way the equilibrium between the growing organs and the body
length. Unfortunately, the same in the carp remained almost untouch-
ed till now except for a few references on the weight-length rela-
tionship.

Under the conditions mentioned above, a detailed study was under-
taken from March, 1967 to October, 1969 to get a clear picture of the
following subjects :
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1. Observations on the spawning activities.
2. Development of eggs and larvae.
3. Development of the alimentary canal.

4. Minute anatomy of the head skin, the barbels, the nasal flaps,
the conjunctiva of eye and the caudal fin.

5. Relative growth.

An attempt has been made to clarify the above-mentioned aspects
of life of the carp with an aim to correlate the morphological and
histological differentiations of organs and their relative growth with
the culture and propagation methods. Although many related ques-
tions still remain to be answered satisfactorily, it is hoped that this
report will throw light on the path of the commercial as well as bio-
logical problems of Cyprinus carpio (L.).

The authors extend their heartfelt thanks to Mr. Teruo Honda of
the Fisheries Laboratory, Kyushu University, for his kind cooperation
in the study of the spawning behaviour of the carp. Thanks are also
due to Professor Tasuku Hanaoka of the Fisheries Laboratory and
Professor Sadayoshi Miyake of the Zoological Laboratory for their
kind reading of the manuscript and assistance in the publication of
the same.

II. Materidls and methods

The ripe carp were brought from a pond of ‘Nakayanagi’, a Japanese
restaurant, Fukuoka, in April-July, 1967 to the experimental pond of
the Fisheries Laboratory, Kyushu University. The prepared spawning
pond measured 2x2x0.7 m. The ‘slang net’ was spread over the bot-
tom of the pond for the attachment of the eggs. Long ribbons cut
from ‘Hyzex' sheets (chemically synthesized from polyethylene) measur-
ing 65 x5 cm represented vegetation and were bound together to a
small bag containing pieces of stones heavy enough to dip to the bot-
tom of the pond. Such bags in groups of five were placed close to the
corners and the middle of the pond containing water to a depth of
nearly 50 cm. Thus the simulated natural spawning ground was pre-
pared. Five series of spawning carp in the various ratios (2 &:19,
23:2%, 33:32,43:2%,13:12) were employed. In some
cases after the start of the spawning, the individuals were stripped
(dry method) for marking out different stages. Occasionally, the fer-
tilized eggs spread over the hyzex ribbons were put into small aqua-
ria measuring 60 x 30 x 30 cm or into the 5 litre round-bottomed

flask.
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The observations made on the various stages of embryos and larvae
were either photomicrographed or sketched with the help of camera
lucida. The eggs at intervals of 15-30 minutes were fixed either in
10 % neutral formalin or Bouin’s solution. As to the various organs, the
materials were usually fixed in Bouin’'s fixative but occasionally
Zenker’s or Helly's fluid or Heidenhain's ‘Susa’ were also used. The
sections were cut at 5-8 2. Both the double and the triple stains were
employed. For the gross anatomical examinations the fry and the
young were fixed and preserved in 10 9% neutral formalin.

The fish were fed till about one month after hatching on daphnia
and after this they were fed on a mixed diet containing vitamins and
minerals in various proportions.

The ossification or skeletal structures of the teeth and the gill ap-
paratus were revealed by Alizarine Red. Victoria blue or Wijh's to-
luidine blue were used for the cartilage. All the sketches were drawn
with the camera lucida. The length of the carp used in this paper
is total length unless otherwise specified. However, a relationship of
the standard length and the fork length to the total length is calculat-
ed by simple least square method so that it may be helpful for re-
f erence.

Standard length(mm) = 0.825 x Total length (mm)— 0.277
Fork length(mm) =0.903 x Total length(mm)— 0.088

1. Spawning activities

The carp is so extensively domesticated everywhere that it can be
induced to spawn under entirely artificial conditions. Recently Swee
and McCrimmon (1966) published an account on its reproductive biology
in Lake St. Lawrence, Ontario. In order to understand its spawning
activities more clearly an observation was made in the experiment-
al pond from April 4 to July 26, 1967.

Observation

Ovulating females were easily distinguished by their distended ap-
pearance of the soft abdomen (Fig. 1 A). The males developed pearl
organs on the head. Before introduction into the experimental pond
the abdomen of both the sexes were pressed to see the discharge of the
gonadal products and hence to confirm their readiness for spawning.

The temperature appeared to play a dramatic role in the spawning
behaviour of the carp. In series A (Table 1), the fish did not spawn
at 15-18°C but they did at 19-20°C after keeping them in the water
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stabilized by the thermostat at that temperature for about 10-12
hours. In series B the carp did not spawn at 18-20°C but they did one
hour,after being transferred into the water controlled at 28-29°C and
in series C they did not spawn for two days even at a temperature
variation from 22°C to 27°C, but spawning was noticed on the third
day at a lower temperature of 22-23°C.

Table 1. Length and weight of the carp, spawning time, and the
temperature in the experimental pond.

Weight (kg) Time of experiment (1967) Number:|Temper-
Serie:s L((;r:glt)h Before | After Date Of Spavyn(;ng of ature
spawn- | pawn- Date sspawn- perio : .
74ping ing ing observed mating | (°C)
590 ¢ 4.9 50071 17 \ 7
:00-7:17 a.m.
530 ¢ 2.2
Apr. 5-7 7 31 15-20
A 505 30 pr. 5 8:30-9:34am.
18:2¢2
600 2 6 3.8
B 490 & 1.9 L6 May 2-4 4 |5:40-6:46a.m. 61 18-29
510 & 2.3 2
23:1¢%
590 ¢ | 40 3 7:36-9:50 am. 145
3 . M 24-26 26 22-27
¢ 490 & 2152 & 10:48-11:26 a.m. 42
13:1¢ 187

Pre-spawning phase It is noticed, 30-60 minutes after introduction of
the fish into the pond, that the male swims with the female for about
8-15 seconds and then either the female runs forward or the male lags
behind the males (Fig. 1 C). The female is followed by another male or
by the same male after a few seconds. Occasionally the male touches
the female’s genital part, lateral flank and cheek in succession with
his snout and then passes forward (Fig. 1 E). The approach is also
marked in the reverse order (Fig. 1 D), but it is more frequent from
the posterior end than the anterior one. A particular male was
never found to be trying to run the sexual race over another or to be
approaching a female or showing more propensity than others for a
particular one. Such activities without the actual spawning may be
correlated with the pre-spawning phase of the teleost.

Spawning phase A few minutes before the actual spawning, the
activities of the pre-spawnig phase are frequently repeated. The
male nudges the female genital part, the lateral flank of the body and
the cheek in succession for about 3-4 seconds, or swims very slowly
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Fig. 1. Photographs of the ripe carp, spawning behaviour, and the spawned eggs.
Ripe female, 490 mm in total length and 2.5 kg in body weight.
B. Ripe male, 470 mm in total length and 2 kg in body weight.
C.
D

Association of two females and three males in the experimental pond.
A male gliding the female from the anterior side.
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(Fig. 1, continued)
E. A male gliding the female from the posterior side.

F. Actual spawning.
G. Spawned eggs attached to the hyzex ribbon.
Hr. Hyzex ribbon: Eg. Egg: Ab. Air bubble.
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along the side of the female lying almost parallel to her for about 2-3
seconds, about 5-8 cm below the water level ; they balance each other
with pectoral fins stretched, dorsal fins erect and the genital regions
approximated to each other, beat up simultaneously and quikly their
caudal regions producing a splashing sound in the water with the in-
stant discharge of the milt and the ova (Fig. 1 F), run together for
about 30-50 cm and then separate. The fluttering sound can be heard
from a distance of about 4-6 m. These spawning acts are frequently
exercised near, above or below the hyzex ribbons, thus enabling the
emitted eggs to stick to them. The shedding of ova is distinctly ob-
served sinking from the sight of splashing down to the hyzex ribbons
or slang net on the bottom, but the issuing milt was never visible from
the same distance of about 2-3 m. The spawning is accomplished with
continuing change of the males with the female, as there is no pair-
ing and no particular orientation of individuals between them.

Neither electric light (60 Watt) from a distance of about 8-10 m
nor torch light (4.5 V) used for recording the water temperature in
the pond at night caused any marked disturbance in their sexual
activities. The peak of the spawning generally occurred at dawn.
The movement and the loud sound of the persons around the spawn-
ing pond was also observed not to affect the sexual play.

In the series of May 26, 1967, the spawning continued from 6 : 45 a.
m. to 11 : 41 a. m,, and at 12 : 15 p. m., i. e., 34 minutes later, finger
pressure over the abdomen of the spent individuals caused emission of
ova (about 400-600 in number) and the milt. Fertilization took place
and the divisions of the cells were clearly observed under a binocular
microscope.

It may be stated that during the course of spawning, occasional-
ly the carp emitted their generative products 40-46 cm below the
water surface and a little farther away from the hyzex ribbons. Of
course, the lashing of the peduncle and the tail was there and ob-
served distinctly.

Reference to Fig. 2 shows that there is an irregular short or long
period of rest after a certain number of spawning acts. The interval
is longer in the beginning than in the middle or late period.

Post-spawning phase In this phase, their behaviour is to some ex-
tent lethargic. They seem to rest at the bottom of the pond, and af-
ter 30-90 minutes of rest they hover aimlessly with slow movement.
They (particularly the male ones) appear to eat the eggs, thus ex-
hibiting ‘appetitive behaviour’ at the post-spawning phase.

The number of the spawned eggs from a female, 590 mm in total
length and 4.9 kg in body weight, was estimated to be nearly 765,000.
Their number in a single act of spawning is roughly 1,500-1,600. In
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passing it may be mentioned that the water in the said pond becomes
turbid and bubbled during the spawning which may be due to mucila-
ginous matters coming along with the milt and the eggs.

50

FREQUENCY OF SPAWNING

Fig. 2.
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A, B and C indicate series of experiments.

IV. Embryology

Four series as tabulated below were prepared for the study of the
embryos within the eggs of the carp.

Table 2. Experimental series, time of fertilization, water temper-
ature, and incubation period of the embryos of the carp.

: Time of Method of |Temperature Incubation
Series Date fertilization | fertilization ('C)  period (hrs)

A Apr. 7 6 a.m. Natural 13-17 90

B May 4 8 am. Artificial 18-19 38

C May 26 9: 43 a.m. do. 22-23 GO

D Jun. 21 8 a.m. do. 24-25 70

The fertilized eggs were subjected to natural temperature through-
out the incubation period and therefore a wide range of temper-
ature caused marked fluctuations in the relative development of the
consecutive stages. However, in the present paper maximum attempt
has been made to distinguish various stages of embryos by criteria
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easily visible with morphological changes supported by histological
studies based upon both preserved and living materials. The follow-
ing descriptions are based upon the eggs developing at 13-17°C.

Morphology of egg Microscopic study of the fully matured ovarian
eggs ready for spawning reveals a double-layered perivitelline mem-
brane on the outside (Fig. 3 B) with a nucleus near the periphery of
the yolky cytoplasm in which the globules are irregularly dispersed.
The micropyle is seen as a depression on one side of the egg (Fig.
3 C). The centrally situated nucleus, irregular in shape, in a ripe ovum
moves towards the periphery before ovulation. The newly spawned
eggs are soft and are firmly fixed to the object (i. e., hyzex ribbons)
by their mucilaginous vitelline membrane. They become waterharden-
ed within 10-20 minutes. They are demersal, rounded in shape, pale
yellow in colour and a little transparent. The transparency increases
with the development of embryos which is probably due to absorp-
tion of the yolk granules and the enlarged space between the egg
membrane and the yolk (Fig. 4 B). They are telolecithal and devoid
of oil globules like so many eggs of cyprinid fishes.

Fertilization At fertilization dramatic changes follow ; the chorion
is separated from the plasma membrane of the egg by the perivitel-
line space, filled up with a fluid. Within a few minutes after fertili-
zation the separation of the perivitelline space is completed. The di-
ameter of the yolk is 1.04-1.48 mm in eggs of 1.4-2.04 mm in diameter.
The side of the chorion by which it is attached to the object becomes
a little flattened.

One-celled stage At nearly 10 minutes after fertilization the proto-
plasm flows to heap at the animal pole and forms a raised blastodisc
continuous with its margin with a plasma membrane confining the
yolk (Fig. 5 A). Within 30-45 minutes the bulging of the cap-like
structure into the space is completed and thus a well-defined cell is
distinguished (Fig. 4 C).

Abbreviation for Figs. 3-5. An. anus ; AV. auditory vesicle ; Bc. blastocoel ; BC.
blastula cell ; BF. branchial fold; BR. brain: Cp. central periblast; DGT. cylin-
derical thickening for gut ; Ed. endoderm ; Es. epidermal stratum ; Ecp. ectodermal
cap; Et. ectoderm; ET. endodermal thickening for future gut; Ey. eye; GA. gill
arch ; Gt. gut ; Hd. head; HT. heart ; IN. intestinal cavity; Kd. pronephric tubule;
kv. kupffer's vesicle ; LHD. left hepatic duct ; LL. left liver ; LV. liver; Lp. lens pla-
code ; LO. lateral line organ ; mv. maxillary valve ; Mf. median fin fold ; MD, me-
sodermal plate ; Mp. micropyle ; Mr. myomeres ; MS. mesodermal somites; NC.
nucleus ; nt. notochord ; PB. periblast ; pN. periblast nuclei ; pdn. dividing periblast
nuclei ; PH. hypoblast ; Prf. pre-anal fold ; RL. right liver ; SB. swim bladder ; SC.
secretory cell; SG. segmentation cavity; Yk. yolk.
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3. Photomicrographs of ovarian eggs.

A. Section through the ovarian eggs. X 50.

B. Section through ripe ovarian egg. X 100.
C. Section of egg showing micropyle. X 100.
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Fig. 4. Photomicrographs of living eggs and embryos.
Unfertilized egg.

Fertilized egg.

I-celled stage.

2-celled stage.

8-celled stage.

16-celled stage.

mmoow»



(Fig. 4, continued)

G. 64-celled stage.
H. Morula stage.
. Blastula stage.
J. Gastrula stage.
K. Late gastrula stage.
L. Head fold formation.
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(Fig. 4, continued)
M. 6-myomere embryo.
N. 13-myomere embryo.
0. 24-myomere embryo.
P. Lateral aspect of 0.
Q. Hatched larva.
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Fig. 5. Photomicrographs of the histological structures of eggs and embryos.
Section through I-celled egg. X 80.

Section through 2-celled egg. X 50.

Cross section through 8-celled egg. X 80.

Vertical section through 32- or 64-celled egg. X 80.

Vertical section through before-morula. X 50.

Vertical section through morula. X 50.

A part of F enlarged. X 200.

Vertical section through blastula. X 80.

IOTMoUo®my
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(Fig. 5, continued)
Vertical section through the periblast at blastula. X 200.
Vertical section through gastrula. X 20.

Transverse section through embryo. X 50.

Sagittal section through the posterior region of embryo. X 200.
Sagittal section through the embryo. X 100.

Transverse section through eye of embryo. X 50.

Sagittal section through embryo. X 50.

Transverse section through the trunk of embryo. X ZOO.

vezIrx—r-



403

(Fig. 5, continued)
Transverse section through auditory region of embryo. X 200.
Transverse section through trunk of embryo. X 100.
Sagittal section through anterior end of embryo. X 200.
Transverse section through anterior gut of embryo. X 200.
Longitudinal section through bucco-pharyngeal cavity of embryo. X 100.
Posterior part of U. X 100.
Transverse section through anterior gut of embryo. X 200.
A part of yolk sac before hatching. X 120.

X2 <cHw;
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Two-celled stage The first cleavage, which is about 4 hours after
fertilization, is meroblastic or discoidal due to heavy yolk distribution,
and results in two cells of equal size (Fig. 4 D). In the serial sec-
tions examined the cleavage furrow is a barely perceptible depression
at the centre of the one-celled disc and the two dividing cells are
joined by a layer of the protoplasm (Fig. 5 B).

Four-celled stage After about 5 hours 30 minutes the second seg-
mentation, which is also meridional but at right angles to the first,
results in a rosette of 4 cells or blastomeres of equal size, nearly
330 u each in diameter and shows bilateral type of cleavage, charac-
teristic of the teleost. The next succeeding divisions of cells begin
before the completion of the cell membrane.

Eight-celled stage Third cleavage plane is oriented parallel to plane
one and at right angle to plane two, separating the germinal disc
of the 4-celled stage into eight blastomeres of equal size, arranged
four by four in two lines, and this condition is attained by 6 hours
after fertilization (Fig. 4 E). The disc is now considerably raised
above the yolk. Serial sections in various planes indicate complete
divisions of cells enclosed by the cell membrane (Fig. 5 C).

Sixteen-celled stage The fourth cleavage plane, which is attained
at about 8 hours after fertilization, double and parallel to the second,
divides the blastoderm into sixteen cells, arranged into four rows,
measuring about 180 x in diameter (Fig. 4 F). In histological prepara-
tions metaphase and telophase stage of mitotic divisions are frequently
met with under the microscope.

Thirty two-celled stage  The fifth segmentation results in the pro-
duction of 32 cells measuring 170 # in diameter, at about 10 hours
after fertilization. As cell divisions proceed the blastoderm becomes
distinct due to increase in size.

Sixty four-celled stage With the advance of the successive and com-
plex cleavages, there is progressive increase in the number of the
cells followed by decrease in their size, measuring nearly 150 g in
diameter (Figs. 4G, 5D) 15 hours after fertilization. The blastodisc
has increased so much so as to envelop the yolk on the upper side.
After this stage the fate of complex planes of segmentations are no
longer traced out and the symmetry is also lost. The periblasts, both
the marginal and the central ones, are clearly established with dis-
tinct nuclei (Fig. 5 E). In serial sections the cells are seen 3-4 layers
deep and at the superficial layer the cells are being flattened out which
is the first indication of the future epidermal stratum.

Morula stage The morula is the outcome of the continued rapid
multiplication of the blastomeres formed at about 17 hours after ferti-
lization. It looks like a solid mass of cells, spherical in shape, bearing
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over the yolk like a cap (Fig 4 H). The size of the cells is reduced
to about 60 4 in diameter (Fig. 5 F). The marginal periblast is thicker
than the central one and the nuclei of the various sizes, about 8-20 u
in diamater, are scattered irregulary in the granular mass (Fig. 5G).
The epidermal stratum with flattened cells is clearly definable at
this stage.

Blastula stage  The blastula is disinguished at about 20 hours after
fertilization (Figs. 4 1, 5 H). With the development the cells become
smaller and smaller in size until the blastodisc is flattened down to
form a lenticular cap over a greater portion of the yolk surface
(Fig. 4 1). The periblast layer containing nuclei about 20-25 x in
diameter forms the floor on which the embryo rests. The dividing
nuclei are marked in the periblastic mass (Fig. 5 1). The blastocoel
is present (Fig. 5 H).

Gastrula stage This stage is achieved by 24 hours after fertiliza-
tion. With the continuation of the expansion of the blastoderm its
peripheral rim is thickened by piling up of the cells while the central
area is thinned out (Figs. 4 J, 5 J). The thickened rim is designated
as the ‘germ ring’ (Fig. 4 J) and is an ingrowing under-layer. The
thickening at one end is more pronounced than the other one and this
marks the posterior end of the germ ring referred to as the ‘em-
bryonic shield’ in teleosts and it is here that the gastrulation com-
mences (Fig. 5 J). By this time the blastodisc has covered about 60-
65 % of the yolk, and the undersurface has definitely assumed a con-
cave shape and the ectoderm is differentiated. It consists of epidermal
stratum and the stratified layer below this, consisting of 3-5 layers
of polygonal cells (Fig. 5 J). The primitive hypoblast is distinguished
from the ectoderm (polygonal cells) at the posterior pole, where the
region of the dorsal lip of the growing blastoderm is marked. The
epidermal stratum does not seem to take part in the invagination
process and at no point has it been marked to be continuous with the
ingrowing layer of the germ ring. At about 28 hours after fertili-
zation (late gastrula) the anterior pole of the blastoderm has grown
forward approaching the dorsal lip and forms the ventral lip of the
developing embryo.

Embryo stage

Head fold As the gastrula proceeds the blastopore is closed and
the compact cells of the ectoderm is thickened at the anterior end
differentiating the primordium of the brain which becomes slightly
raised above the yolk (Fig. 4 L). By this time the embryo has reach-
ed a point about 30 hours after fertilization. The neural plate is dif-
feretiated from the ectodermal layer and the notochordal area is
marked out. The process of endodermal differentiation from the hy-
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poblast has already started but is scattered. By 32 hours after ferti-
lization the endodermal cells become arranged into a single layer of
flattened cells with their nuclei situated afar (Fig. 5 K). The mes-
odermal-endodermal differentiation is first marked at the posterior
region of the developing embryo which passes on gradually towards
the anterior end. The mesoderm throughout the trunk region con-
sists of 3-6 layers of lateral masses of polygonal cells, which form
mesodermal plates thinning out at lateral sides, but in the head re-
gion they are replaced by only mesodermal cells. No differentiation
of the somatopleur or splanchnopleur was marked. A rudiment of the
eye has already appeared as ectodermal thickening at the lateral
sides of the mid-brain.

Optic vesicles At 37 hours after fertilization the optic vesicles
become conspicuous and 4-6 myomeres have developed in the middle
region of the body (Fig. 4 M). The embryo lies without torsion or
twisting and its outline is distinct over the curvature of the yolk.
Ventricles are marked in the brain. Kupffer's vesicle appears at a
little anterior to the caudal tip of the embryo on the ventral side at
the 8-16 myomere stage at 38 hours after fertilization. It is an oval
structure enclosing a cavity measuring nearly 38x72 u in diameter in
mid-longitudinal section (Fig. 5 L). The wall consists of columnar
cells, 18-25 in number which seem to be derived from endoderm.

At 40 hours after fertilization the lens placode is formed from the
ectodermal thickening (Fig. 5 N) and the cavity in the optic vesicle
has appeared. The embryo when looked at from the dorsal side ex-
hibits three distinct primary divisions, i. e.. prosencephalon, mesen-
cephalon and rhombencephalon, and mesodermal somites have increased
to fourteen. The auditory vesicle arises as a solid mass of cells and
later on becomes an enclosed sac, the wall of which consists of sim-
ple columnar cells. Superficially it appears as an oval-shaped structure
anterior to the tip of the notochord, and otoliths have not appeared
as yet.

The notochord is a cylindrical structure tapering to a point on both
ends, and consisting of vacuolated cells, 12-18 in number in the trans-
verse section, with the diameter of 20-25 x at the anterior end. The
embryo is intimately attached to the yolk and encircles about 3/4 of
the yolk (Fig. 4 N). Endodermal cells are enlarged below the noto-
chord, which appears to represent the primordium of the band of cells
destined to form the gut (Fig. 5 P).

Pigmentation in the eye At 45 hours after fertilization the lens is
detached from the ectodermal layer and becomes surrounded by
cuboidal cells (Fig. 5 0). At about 48 hours after fertilization the
pigmentation appears in the eye which can be seen under 120X. The
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heart is visible at 200x as a short tubular structure pulsating above
the yolk and a little posterior to the lower end of the head (Fig. 5 0).
Blood vessels with circulating corpuscles are also marked on either side
of the yolk. The endodermal cells in the auditory region is being
thickened and elevated on either side of the notochord marking the
primordium of the pharyngeal fold, which extends laterally and dorsal-
ly to meet the ectodermal cells.

The tail of the embryo has been elongated considerably to reach
near the head. The head region remains closely adhered to the yolk
while the posterior extremity is being lifted away from it. With the
elongation of the tail the yolk is also elongated. Kupff er's vesicle
has disappeared. Two otoliths are marked in the otic vesicles.

At about 52 hours after fertilization pharyngeal folds become con-
siderably broadened at the tip, though still remaining a solid mass
of cells. The ectodermal cells (polygonal cells) are thickened to
form a cap-like structure on the tip of the growing endodermal gill
or pharyngeal fold (Fig. 5 Q). At 53-55 hours after fertilization the
endodermal thickening for gut marked earlier has increased so much
as to form a cylinderical band of cells (Fig. 5 R) which lie very close
to the periblast wall. Nephric tubules are completely established at
the dorso-lateral position to it (Fig. 5 R).

At about 55 hours after fertilization, on one side, a shallow in-
vagination of the ectodermal cells is being formed behind the audi-
tory vesicles, and on the other side, the endodermal cells of pharynge-
al fold move outward to fuse to the ectodermal cap for the formation
of the pharyngeal cleft. The lateral line organ is observed as a con-
centration of nerve cells at the mid-lateral sides of the body (Fig.
5 R). By 56 hours after fertilization melanophores are increased in
the eye. The heart is easily distinguishable into atrium and ventricle
and situated at the dorso-anterior side of the yolk. The onset of
blood circulation is marked with a regular systole and diastole. If
the embryos are punctured out of the chorion at a stage of 25-30
mesodermal somite (Fig. 4 0, P), blood vessels are observed on either
side of and above the yolk, below the notochord and among the
myomeres (segmental circulation) with the corpuscles moving slowly
in scattered clumps through them. They course above the gut caudal-
ly to form a glomerulus of it below the tail. The cerebellum is in-
creased considerably. The pectoral fin appears as a small acuminate
projection on the horizon of the eggs as viewed along the body axis.
The eye measures 194x 278 u in diameter in an embryo of 2.91 mm.
At the 32-myomere stage the yolk extends until 25.

Gill cleft By 57 hours after fertilization the apex of the pharyn-
geal fold becomes merged with the ectodermal layer to such an ex-
tent that no line of demarcation stands between the two and a slight
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invagination of the epidermal stratum causes formation of branchial
cleft. Thus the flattened epidermal cells pass inwards through pharyn-
geal clefts or slits. Five pharyngeal pouches are counted. The first
pouch is at the level of the tip of the notochord. The mode of ex-
tending laterally to fuse with the ectodermal cells seems to be the
same in all the cases. Twisting and lashing movement of the body
and the tail are marked.

By 70 hours after fertilization irridescent colourations are marked
with plenty of black pigments in the eye. The movement of the eye
is also observed. Pigmentations on the head and yolk are more nu-
merous than other parts of the body and ray-like streaks are faintly
seen on the caudal fin. The pectoral fins show weak fluttering move-
ments between irregular periods of quiescence when examined after
removal of chorion. No sign of a swim bladder is noted. The fin
fold or embryonic fold passes over the tail and ends anteriorly on
the ventral side near the anal opening. The pre-anal fold is also
marked. Saprolegnia frequently attacks the eggs.

Intestinal cavity = By 72 hours after fertilization, undoubtedly ac-
tive organo-differentiation is going on. In the anterior region the
double-layered endodermal cells of the gut run forward via pharynx
and is bifurcated at the sight between the head and the yolk to pass
dorsally and ventrally (Fig. 5 S). No sign of stomodaeum is marked.
Later on, a break occurs at the angle of the head and the yolk form-
ing the mouth which becomes continuous with a cleft in the fore-gut
already formed by the retreat of the upper and lower layer of cells.

By 78 hours after fertilization, the liver appears as two ventro-
lateral evaginations from the anterior part of the intestinal canal
(Fig. 5 T). The evagination of the right liver is anterior to the left
one. No sign of gall bladder is noticed. The pneumatic duct origi-
nates from the dorsal wall of the gut in a 4.6 mm embryo and ap-
pears to consist of the same type of cells as the intestine (Fig. 5 W).
Patches of rounded cells, marked on the yolk and the head of the
embryo (Fig. 5 X), are the secretory cells, the secretion of which
help the hatched larvae in attaching to the substratum.

Hatching larva stage In the embryo at 90 hours after fertilization, all
the organs necessary for survival outside the egg membrane have
developed moderately. Vigorous body movement towards the approach
of hatching time is increased. During the process of the actual
emergence of the inactive larva from the membrane, it regularly
gives a twitching, twisting and lashing movement of the tail in con-
sequence of which the whole body is thrown out into motion. By
such repeated action it always tries to force its way out of membrane
by rupturing it with its tail. Finally it succeeds and the tail comes
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out first. An infrequent lashing movement forces its body completely
out of the membrane within one to five minutes. The hatched larva
(Fig. 4 Q) remains attached to either hyzex ribbons or a substratum
or falls to the bottom and then, flickering its pectoral fins, moves a
few millimeters. The attachment is helped by the secretory cells.
The fry measures 3.9-5.6 mm in total length. Hatching continues
for 2.5 or 3.5 days.

V. Larval and post-larval development

The knowledge of developmental structure of an animal is essen-
tial to understand the mode of life. =~ With this aim the anatomical
changes right from hatching to the adult stage of carp are described.
The temperature ranged from 16 to 27°C during the culture period.

39-5.6 mm newly hatched larva (Fig. 6 A, B). It is transparent and
internal structures are easily visible under a binocular microscope.
It is curved over the antero-dorsal end of the yolk and the number
of the myomeres oscillates from 34 to 36. The pectoral fin behind
the auditory vesicle measures 0.3 mm in a 4.8 mm larva and is a small
elongated structure rounded at the margin. A median membranous
fin fold is continued anteriorly as a pre-anal of it and the notch marks
the position of the anus and also tho posterior limit of the exten-
sion of the yolk sac. The fold at the posterior region forms a pro-
tocercal type of fin as the notochord passes straight into it. A small
mouth opening is present and measures 269-273x 180-134 u in diameter.
In the lateral view it is not so clear due to deflection of the head
over the yolk. Black pigments are not present in general and if pre-
sent they are distributed irregularly on the head, dorsal surface of
the body, and along the yolk. Occasionally yellow tints are marked
along the mid-dorsal surface of the body.

The yolk sac is large and heavy and the anterior end is swollen
and the posterior one is elongated. The time of absorption is gener-
rally 4-7 days. In histological preparations the yolk granules are cut in
various shapes and sizes and the peripheral ones remain attached to
the sac (Fig. 7 B, E). They become deeply yellow-coloured with
Mallory’'s triple stain. Eyes are large, globular in shape, and are
highly pigmented. Heart beat is counted to be 118-120 times per min-
ute at 20°C and the dorsal aorta, sub-intestinal vein, the tuft of
capillaries below the caudal tip of the notochord, the branchial ves-
sels, the segmental blood vessels and the vitelline vessels on the yolk
are clearly distinguished. The blood is yellow in colour.

Large and oval-shaped ear vesicles poster-o-dorsal to each eye mea-
sure 0.2x0.3 mm approximately in diameter (Fig. 6 B) and are lined
by elongated cells (Fig. 7 B). A shallow, nearly semi-circular pit of
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olfactory organ situated on the snout dorso-anterior to each eye is
clearly marked as in the embryo and is lined by ciliated cells.

The larva is covered with a thin layer of squamous cells 2-3 strata
thick measuring about 100 2 at the head region and this forms the
epidermis. The epidermal cells are modified into secretory cells which
cover head and yolk sac (Fig. 16 A). Well developed neuromasts are
irregularly scattered around the head (Fig. 7 A) indicating the de-
velopment of extroceptive organs for chemical and physical senses.
Pronephric tubules marked earlier extend from the posterior end of
the oesophagus to the end of the intestine on its dorso-lateral posi-
tion. They are lined by cuboidal cells and 8-10 such cells with large
spheroidal nuclei seem to encircle the tubule in a section cut at 7 u
from a 4.5 mm newly hatched larva. The diameter of the tubule is
about 13-22 x 15-25 g, enclosing a cavity 4-6 x 5-7 g in diameter.

Brain is well developed. The vagal lobes on either side of medulla
oblongata are enlarged and prominently bulged out. The notochord
extends from the posterior end of the ear vesicle to near the tail
fin and is unsegmented. It consists of chondroid tissues.

The mouth opens into a large spacious buccal cavity and at the
entrance of the mouth there is a thin membranous structure of oral
valve consisting of 2-3 layers of large flattened cells with elongated
nuclei. No mucous cells or taste buds are found on the oral valve.
The cavity itself is covered by squamous cells, 2-3 layers thick, and
is supported by a network of loose connective tissues (Fig. 7 A) ;
a few mucous cells are present. The same layer of cells pass im-
perceptibly the pharyngeal region (Fig. 7 B). Muscularis mandibul-
aris is present and seems to be responsible for the movement of the
jaws in the following stages. A very thin integumental process (Fig.
7 B) projecting out from the lateral sides of the head (i. e., operculum)
extends till the 2-3 gill arches. It is covered with flattened cells ar-
ranged in 3-4 layers. Beneath these cells there are endodermal cells
enclosing mesodermal cells with large oval nuclei inside.

The cells at the dorsal region of the posterior pharynx multiply
rapidly to form polyhedral cells which are of the sight of the horny
pad. The enamel and the dentine of the teeth is formed in larva 5.5
mm in total length. They lie embedded in the foliceous tissues and ap-
pear to be functionless (Fig. 7 M).

The oesophagus is short and measures about 100« in length in a
4.5 mm larva. The cavity appears to be lined by low cuboidal-type
cells outside of which is a single layer of connective tissue sheath.
The intestine is a long and straight tube extending till 22-23 myo-
mere, and the first part of it is a little enlarged in diameter. The
cavity is lined by a- single layer of columnar cells (Fig. 7 D) and
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Fig. 6. Development of larvae of carp.

. 4.8 mm newly hatched larva
. 5.1 mm larva (2 days after hatching).
. 6.6 mm larva (3 days after hatching).
. 7 mm larva (7 days after hatching).
. 9.5 mm larva (9 days after hatching).
16 mm post-larva (2 weeks after hatching).
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the lumen is usually circular except the anterior part which becomes
to some extent dorso-ventrally compressed in cross sections, most
probably because of the yolk beneath. The anterior part does not
seem to run straight backward. Outside the columnar cells there is
a single layer of connective tissue continuous with that of the oesoph-
agus. The anterior part has a greater number of cells and is taller
than the posterior one. Twenty to 30 cells encompass a transverse sec-
tion of a 4.2 mm larva (Table 14) and the number increases rapidly
with size of the larva (Fig. 8). Intestinal and liver cells are usually
found at various stages of leavage, particularly metaphase and telo-
phase. The cell membrane of the adjacent cells is faintly distinguish-
able. Occasionally granular cells of unidentified character are mark-
ed (Fig. 7 D). The periblast wall below the intestine is markedly
depressed. The liver cells start arranging themselves into lobular
forms in a 4.2 mm larva, which are distinctly observed in a 5.3 mm
larva and the blood vessels penetrate into them (Fig. 7 E, F). The
gall bladder appears to be formed in a 5.3 mm larva (Fig. 7 E). The
pancreas is differentiated along the left dorsal side of the intestine
as a mass of cells deeply stained with Delafield’'s haematoxylin or
Mallory’s stain (Fig. 7 H), and stands out among the liver cells by
6.3 mm in total length.

Examination of the intestinal contents reveals that the larvae feed
upon green algae from the pond after 24-36 hours from the time of
hatching.

5.1-6.8 mm larva (Fig. 6 C). The yolk is considerably decreased
which is indicated by thinning out of the anterior broadened end

of the yolk and the reduced one presents a rod-like structure broader
at the anterior part. The head is being straightened out and mouth

opening is being shifted towards the anterior end. The gape measures
nearly 800 # in a 5.6 mm larva. The shoulder girdle has already ap-
peared behind the operculum and now it is prominently marked.

Fig. 7. Photomicrographs of the histological structures of digestive system of
the carp.
A. Horizontal section through the buccal region and the heart of 4.1 mm newly
hatched larva. X 50.
B. Transverse section through the pharyngeal cavity at the level of auditory
region of 4.1 mm newly hatched larva. X 100.

C. Gill arch of B, enlarged. X 400.

D. Longitudinal section through the intestine of 4.4 mm newly hatched larva.
X 500.

E. Transverse section through intestine of 5.3 mm larva. X 100.

F. Transverse section through intestine of 5.3 mm larva. X 100.

G. Longitudinal section through the intestine of 6 mm larva. X ZOO.

H. Transverse section through the anterior part of the intestine of 6.3 mm larva
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Posterior air bladder shines as a silvery speck at the anterodorsal
position of the intestine below the notochord at 6 mm. It is an al-
most oval-shaped structure slightly broader at the anterior end than
the posterior one and is inflated with air. The larva can swim freely
and occasionally it takes rest, attaching itself with the mouth region
to the wall or the bottom of the pond.

Melanophores have increased and do not show any particular arrange-
ment along the lateral line. Radial streaks are marked in the caudal
fin. Operculum moves rhythmically. The pectoral fins have increased
about 0.8 mm in length in a 6.8 mm larva.

The lining of the mouth cavity is 4-5 strata thick and consists of
stratified squamous cells. The mucous cells are now prominent. Taste
buds, which appeared at an earlier stage, about 10-12 hours after
hatching (Fig. 29 A), are now quite prominently marked on the mu-
cosal papillae (Fig. 7 J) in a 6.8 mm larva.

The pharyngeal wall is also thickened, measuring about 10 -17 x« and
consists of stratified squamous cells impregnated with mucous cells and
taste buds (Fig. 7 K). The mucous cells measure about 10-15x12-18
p in diameter. Dense papillae cover the mucosal lining. The pharyge-
al teeth fixed in the foliaceous mass of tissues project into the cavity,
and consist of an outer layer, the enamel (which takes up slight
haematoxylin colour), below which is the cement covering the pulp
cavity. The cement and the enamel are formed of odontoblasts. Re-
sides these there are doveloping replacement teeth lying deep among
the tissues.

Hornified cells of the horny pad are clearly distinguishable on the
pharyngeal roof opposite to the teeth (Fig. 7 K). The oesophagus
measures about 118-300 # in length in a 6.8 mm larva. The pneumatic
duct is short and of narrow calibre (Fig. 7 0).

(Fig. 7, contimed)
Transverse section through the anterior part of intestine of 6.6 mm larva.

]

J, K, L. Longitudinal sections through bucco-pharyngeal, oesophageal and
intestinal regions of 6.8 mm larva. X100.

M. Longitudinal section through the pharyngeal teeth of 6 mm larva. < 200.

N. Transverse section through pancreas of 8.2 mm larva. X 100.

0. Transverse section through the posterior oesophagus of 6.8 mm larva. X 100.

P. Transverse section through the liver of 16.5 mm larva. X 500.

Q. Transverse section through spleen, liver and pancreas of 17.5 mm juvenile.

AB. air bladder; Bc. buccal cavity; BV. blood vessel; CI. columnar cell;
Dt. dentine ; FO. fold ; GA. gill arch ; Gb. gall bladder; Gc. granular cell; Gd.
gall bladder duct; Gt. intestine; hp. horny pad; Kd. pronephric tubule; Lc. liver
cells ; Llv. hepatic lobue ; LV. liver; mv. maxillary valve ; NT. notochord ; OB.
odontoblast ; OC. optic or auditory cavity: Op. operculum ; pd. pneumatic duct ;
Pnc. pancreatic cells ; Pn. pancreas ; SP. spleen; Tb. taste bud: YK. yolk.
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The anterior part of the intestine appears to be downwardly pushed
by the growing air bladder by larva 6 mm in total length (Fig. 7 G).
The mucosal folds, high and low, are many in the anterior region but
decrease gradually towards the posterior end (Fig. 7 K, L). The long
intestine behind the swollen part or the enlarged part appears to be
almost uniform in diameter. Micro-anatomically four tunics (mucosa,
submucosa, muscularis and serosa) are recognized in the intestine
from inside to outward and their detailed descriptions follow in the the
next chapter. The lumen of the gall bladder has considerably increas-
ed by larva 6 mm in total length. The spleen is distinguished as a small
mass of cells on the left dorso-lateral side of the intestine by larva
6.6 mm in total length (Fig. 7 ).

The larva by 6.8 mm in total length feeds freely on diatoms and
small daphnia. Green algae fill up the first part of the intestine and
seem to be broken into cell-sized pieces and they appear to be slowly
decreasing in quantity while passing along and being absorbed into
the posterior region. Green algae cause green coloration to the diges-
tive tube.

7-7.7 mm larva (Fig. 6 D). Remnants of fin fold are still present
but the caudal fin has become more prominent than before. Streaks
of caudal rays are becoming distinct and number 12-15 at this
stage. The melanophores together with yellow tints at various re-
gions are more enhanced than before on the head and along the mid-
dorsal surface of the body. They even prevail on the pharyngo-oeso-
phagus and air bladder, which has increased in size. The yolk is
almost completely absorbed by 8 mm in total length (Fig. 9). Swim-
ming activity has increased but their habit of attaching themselves
to the substratum is still noticed. When disturbed they swim for a
few seonds and then rest.

Heart beat varies from 85 to 130 per minute at 24” C in 7.2-7.7 mm
larvae. The blood has developed a red tint. The posterior end of
the notochord is begining to turn upward in 7.5-7.7 mm larvae. Hetero-
cercal type of caudal fin is being formed after recapitulating its
former protocercal type.

The epidermis is so much thickened (about 6 ) that it can be easi-
ly peeled off by fine forceps or needle and it consists of multilayered
(2-3) epidermal cells underneath which is the connective tissue of the
dermis. ‘Transparent hairs’ (Hikita, 1956), when viewed from dorsal
side, are clearly marked on the head and either side of the body.
They measure about 0.12-0.14 mm in length and their function seems
to be sensitive.

Hepato-pancreas, reddish yellow in colour is distinctly visible in
the transparent larva as a triangular mass below the enlarged part
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of the intestine and behind the heart. The pancreas extends beyond
the liver caudally. Further, it is interesting to note that the pan-
creatic cells lie along the left dorso-lateral side of the intestine (Fig.
7H Q.

Three or four segments of the already segmented notochord appear
to be ossified as indicated by their affinity for Alizarine Ked.

7.8-9.5 mm larva (Fig. 6 E). This stage begins after the absorption
of the yolk. Though it is already absorbed, in some cases yolk
substances are present which are represented by a small mass of
yolk granules below the anterior part of the intestine to be observ-
ed only in histological preparations (Fig. 9).

The dorsal fin is being distinguished. Caudal fin is differentiated
due to the constriction or notch at the caudal peduncle region. Anal tins
make their appearnce as a small bud of mesenchymatous tissue at
nearly 7.8-8 mm in total length. Pelvic fins become evidenced as a
small protuberance on either side of the pre-anal fin nearly at the level
of the origin of the dorsal fin by 9.5 mm larva. Ear vesicles seem
to be as large as eyes. Pancreatic tissues assume alveolus forms
(Fig. 7 N). Ossification of Weberian ossicles observed by 9-9.5 mm
(Fig. 11 A) to be described in the following lines. Congregation and
schooling behaviour of the fry are marked but it does not seem to be
very significant.
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9.6-10.5mm larva A hump is distictly formed behind the head.
Bifurcation of the caudal fin is becoming evident and 15-18 caudal
rays are counted. Seven hypural bones arranged in a fan-like manner
below the upturned part of the notochord (posterior end) are enumer-
ated (Fig. 10) in a 9.6 mm larva.

Fig. 10. Ossification of caudal skeletons of carp.
CR. caudal rays ; HS. haemal spine ; UL. urostyle ;
UN. uroneural; 1-7. number of hypurals.

Air bladder develops another chamber at the anterior end. A chain
of Weberian ossicles marked earlier is seen connecting the spinal me-
dulla anteriorly and the air bladder posteriorly. They are named from
anterior to posterior claustrum, scaphium, incus and tripus (Fig. 11).
The claustrum (hinlage) is an almost saucer-shaped structure attached
to the ear cartilage. The scaphium (stapes, steigbiil,deckl) consists of
two processes with a concavity for claustrum. The interclarium (in-
cus, ambos, lenker) is a tri-radiate bone. The tripus (malleus, ham-
mer, hebel) is the largest bone, the posterior ramus (transformator
process) of which is attached to the air bladder. Hcpatic cells assume
the young condition (Fig. 7 P).

The larvae feed on green algae, daphnia (Fig. 12 A, B) and the paste
of the mixed diet in the experimental pond.

11-16 mm larva (Fig. 6 F). Dorsal fin rays are counted to be 8-14
and five soft rays are observed in the anal fin. Pelvic fins are evident-
ly clear.
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Mouth opening measures nearly 1 mm and lips are fleshy and pa-
pillated. Anterior part of the air bladder becomes more evident by 11
mm larva than before. Adipose tissues are marked to invade the liver
the pancreas by 13 mm larva. Spleen is surrounded by the increasing
hepatopancreas (Fig. 7 0).

The intestine is being filled up more and more with daphnia (Fig.
12 B-F) and diatoms, and 13-20 daphnia are recorded only from the
first part of the intestine, while 4-10 are found in the posterior region.
The shells are not digested, rather defecated.

Fig. 11. Weberian ossicles of carp.
A. Weberian ossicles from 9.5 mm larva. X 50.

B. Weberian ossicles from 18 mm juvenile. X 20.

C. Same as B enlarged. X 50.
Ab. air bladder ; Ar. anterior ramus; Cl. claustrum ; Bt. body of tri-
pus ; In. incus ;Inl, connecting ligament ; Lg. longitudinal groove ;
Mp. median process ; Pr. posterior ramus; Sc. scaphium; Tp. trans-
formator process ; Tr. tripus.

18-25 mm larva (Fig. 13 A). Pelvic fins show 2-3 soft rays. Pectoral
fins have developed 6-7 rays in 16-18 mm juvenile. The fin rays reach
the adult condition by about 25 mm.

Scales appear at 17-18 mm. Six to scales arranged in 2-3 rows are

marked along and below the lateral line behind the operculum in 17mm
juvenile and about 3-5 are also observed along the lateral line at the
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Fig. 12. Photomicrgraph of food substances in the intestine of carp.
A. Intestine of 9 mm larva filled with green algae.
B. Intestine of 12 mm larva filled with daphnia.
C, D. Intestinal contents (diatoms, algae and daphnia) from 11 mm larva
E. A daphnia from just behind first limb of intestine of 11 mm larva.
F. Spirogyra from the first limb of intestine of 11 mm larva.
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caudal peduncle of 17.5-18.8 mm juvenile. They appear to be increas-
ing posteriorly with the growth of the fish and by 24-30 mm cov-
er the whole surface of the body. The number of scales along the
lateral line is nearly 31-39.

Nasal cavities have developed 3-5 mucosal folds by 17-18 mm juvenile.
Mandibular barbels make their appearance in 18.5-19 mm juvenile
and maxillary ones at about 22 mm. Their histological feature are
described in the next chapter.

Spleen appears to be covered completely laterally by the hepato-
pancreas, ventrally by the intestine, and dorsally by the air bladder.
The tripus of the Weberian ossicles is provided with the longitudinal
grooves and fenestrations by 17-18 mm (Fig. 11 C).

Young over 30 mm (Fig. 13 B). The body is compressed behind the

occipital and coloration greatly varies. Belly is more lightly coloured
than the back. Operculum exhibits many radial streaks. Scales become

Fig. 13. Young carp.
A. Young (one month old) measuring 25 mm in total length.
B. Young (one year and eight months old) measuring 210 mm in
total length.
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large and fringed posteriorly with black dots. Dorsal fin, I111-1V, most-
ly 18-21. Anal fin, II-111, 5-6, mostly IIl, 5 rarely IIl, 6 or Il, 5 but
in one case Ill, 3 was recorded from a specimen 134 mm in standard

length. Caudal rays, 10-10. Further growth includes the gonadal de-
velopment leading to the adult condition. However, the growth of
the carp is briefly stated as follows : 24-35 mm by 1 month, 25-50mm by
2 months, 68-85 mm by 3 months, 80-100 mm by 4 months, 190-200 mm
by 1 year, 250-280 mm by 2 years.

If the mixed diet is put into the pond they move quickly to eat it
up and then move away. They were not found to take up the food
substances full to the stomach at a stretch. The minute food sub-
stances such as algae are caught on the gill rakers. They eat in the
day time or at dusk. Small pieces of potatoes or carrots are easily
taken up by the fry or the young. Substances like onions or radish
proved to be a little repulsive. They take up every suitable food ac-
cording to the size of the mouth. During the course of pouring the
food into the pond the carp become so much accustomed to the food
quality that only at the foot steps of persons nearby at feeding time
did they approach the appointed feeding post and awaited enthusias-
tically the expected daily food. They jump and flutter on the food,
eat and move away.

VI. Structure of integument and its derivatives

Multifarious approaches have been made to the study of skin and
its associated structures in fishes. Wright (1884), Herrick (1903),
Miyadi (1929). Sato (1937), Islam (1951), Jakubowski (1961, 1963), Sing
and Kapoor (1967), etc. have made worthy contributions in this field.
In this short note the materials marked in figures were examined
histologically with a hope to enhance our knowledge on fish integu-
ments.

Head skin The skin of the head consists of epidermis and dermis
intermixed by a thin basement membrane and stratum compacturn.

Epidermis Its thickness varies according to the position whether
situated on the dorsal, lateral or ventral sides of the head. The in-
tegument from the mid-dorsal region of a newly hatched larva con-
sists of a single layer of squamous cells each containing a large nu-
cleus and deeply stained chromatin granules and a nucleolus. These
cells are flattened and elongated along the surface (Fig. 15A). The
intra-cellular bridges are clearly marked. Along the dorso-lateral
side the integument becomes thickened and double layered, the outer
one being squamous and the inner one being cuboidal to columnar. It
appears to be thickest on the ventral side. The outer flattened cells
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skin (1)

Nasal flapgﬁ) ) ¢audal f£in(6)
Conjunctlva(5 ‘

-« \!.

Maxillary and
mandi bular- Operculum(4)

bar bel s( 2)

Fig. 14. The examined parts are marked in 1-6.

are disturbed due to large secretory cells which are more abundantly
distributed along the ventral regions of the head and yolk than else-
where, measuring about 6-15x7-20 u in diameter (Fig. 16 A; Table 3).

They are either oval or rounded in form with almost rounded or flat-
tened nuclei and occasionally tend to become stratified. Their con-
tents are granular positive to Alcian blue which is a histo-chemical
test for polysaccharide. They are absent from yolk-free larvae and
their secretions appear to be adhesive helping the yolk-laden larvae
to stick to the substratum.

By 6 mm larva the head skin appears to be slightly corrugated
when observed under high power. In histological preparations they

INTRACELLULAR BRIDGE.

CYTOPLASH PROCESS
| BASEMENT wpmpany

Fig. 15. A. Sketch of transverse section of dorso-lateral head skin of

5 mm larva.
B. Sketch of section of dorsal head skin of 6 mm larva.
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Table 3. Measurements (p) of large secretory
cells of head skin of carp.

Trimlg' Length (L) Breadth (B) Average (LxB)
33 | 1015 713 12.0 2 9.0
43 10-17 9-13 15.6” 9.0
5.4 13-17 10-13 15.8 1< 10.0
6.0 20-25 15- 21.6 . 15.0
7.0 13-17 10- 5.0 10.0
74 5-10 5-7 15.0 < 6.0

appear to be cytoplasmic extensions or processes (Fig. 15B) and scem
to disappear by 12-14 mm larva. The cells become gradually stratified
and are progressively differentiated into a basal elongated cell layer
and a superficial flattened layer between which licseveral layers of
rounded or polygonal cells containing rounded or oval nuclei. Sharply
stained basophilic nuclei are marked along the basal layer.

Mucous cells of various sizes and forms (rounded or oval or slight-
ly elongated) occur either opening outside the surface or lying near
to it in epidermis (Fig. 16 D, F ; Table 4).

Table 4. Measurements () of mucous cells and club
cells of head skin of the carp.

Tk Mueowscele Mucous cells Club cell
7-8 d-10 < 2-7 5-9 < 5-8

9-11 6-15 x 5-10 T- X 10-

12-15 6-15 > 5-13 lo- ‘< 5-10 5-10 .. 5-5
16-18 7-15 X 5-13 13-20 < 7-13
19-22 7-15 » 5-13 10-15 < 5-10 7-25 X 6-20
23-26 7-25 X 4-13 7-13 X G-13 10-25 > 10-13
27-30 7-27 < 4-13 lo- 7. 10-20
31-34 7-27 > 4-13 10-25 < 10-20
39-43 7-27 X 7-15 13-40 < 10-27

The club cells (Kolbenzellen), also of various sizes and shapes,
rounded, oval or elongated or cone-shaped tapering at one end, and
about 3-4 times longer than their breadth are usually seen dispersed
among the middle region of the epidermis (Fig. 16 D). They are first
marked at larva about 11-12 mm in total length behind the nasal cavity.
By this stage they are rounded or oval with rounded nuclei embed-
ded in the secretory mass. By larva 18 mm in total length vacuoles
are observed and their size and number are greater than those of mu-
cous cells, sometimes so much so that they disturb the arrangement
of the mid-epidermal cell (Fig. 16 D, F).



Photomicrographs of the structures of the head skin of carp.
Transverse section through the ventral skin of 4.4 mm newly hatched
larva. X 500.

Tangential section through the ventral skin of 5.6 mm larva. X 500.

Transverse section through the lateral skin of 6.1 mm larva. X 500.

Longitudinal section through the skin of 18.5 mm juvenile. X 200.
Transverse section through the skin of 130 mm carp. X 1000.
Transverse section through the skin of 200 mm carp. X 100.
Section of F, enlarged. X 1000.

Bm. basement membrane; Cc. club cells; CL. compact layer of
dermis ; cp. copula ; Dm. dermis: EC. elongated cells; Ep. epider-
mis; Gl. giant club cells; LL. loose layer of dermis; Ms. mucous
cells; nm. neuromast; nV. nerve cells; SC. secretory cells; SC. Sup-
porting cells ; Th. taste buds.
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Besides these, there are giant multinucleate cells (Fig. 16 E) resem-
bling club cells in form and with staining reactions distributed more
along the dorsal sides of the head than the ventral ones. They may
be designated as ‘giant club cells’. Their exact function is unkonwn.
The nuclei are more deeply stained than the ordinary club cells. Large
rounded promucous cells with fine granlues are also occasionally no-
ticed in the middle region of the epidermis of skin from near the
nasal cavity.

Well developed taste buds are first marked at larva about 18 mm in
total length when the epidermal thickness measures about 53 z. They
appear to be smaller in size than those of the barbels or buccal cavity
or even the nasal flaps. The pit organs (neuromasts) form a broad
dome resting in the epidermis and consist of lower supporting cells
and upper nerve cells the processes of which extend out the surface
to which a transparent and somewhat triangular ‘copula’ is attached
(Fig. 16 C). The copulae are very delicate and can not withstand the
mechanical action and their number on the head exceeds those on the
trunk or tail regions. Their measurements are given in Table 5.

Basement membrane This is a thin membrane which sends fibrillar
sinusities on its inner sides, and is first marked by 12 mm larva.
It is brilliantly stained blue by the ammoniacal silver technique.
Among these processes a row of columnar cells or elongated cells
with rounded nuclei are lodged (Fig. 16 F, G). Pigments are pres-
ent.

Table 5. Measurements (#) and counts per mm? of taste buds and
measurements of pit organs from sections of head skin of carp.

T. L. ' Taste buds Pit organs
(mm> | Numbe:r Heg'ght Dtéarrr[\;a- A\ﬁ_rgge HeLght [ ]I?éermg)e Av;rgge
7- 8 20-25 17-25 18.5-22.5
9-11 20-25 19-28 19.0-27.5
11-15 25-40 | 26-37 25.5-36.0
16-18 | 25-40 | 32-37 | 2227 34.5-26.0 20-37 | 32-50 31.3-43.0
19-22 32-37 | 22-27 35.5-25.5 37-42 | 37-42 39.7-40.0
23-26 | 28-50 | 35- 20- 36.0-20.0
27-30 37-50 | 20-37 45.0-28.5 40-50 | 37-45 44.5-40.0
31-34 [100-208| 37-50 | 20-37 45.0-28.0 50- 37-45 50.0-40.0
39-43 80-100| 36-45 | 25- 45.0-25.0
49 [114-208| 37- 25- 45.0-25.0
61 250-306 | 37-50 25-37 44.5-25.3
79 200-320 | 37-52 | 25-37 44.5-27.7
107-130 |200-350 | 45-65 | 37-42 58.6-37.0




Dermis  This consists of loose connective tissue fibres intermingled
with blood vessels and nerves. It is irregularly thicker than the
epidermis, and seems to bc either absent or very thin in the yolk-sac
region. When the thickness is increased (in about 30-40 mm speci-
mens) two divisions are recognizable, a compact layer below the
membrane consisting of dense collagenous Gbres deeply stained by a
triple stain, and a loose connective tissue layer (Fig. 16 E). The col-
lagenous fibres occasionally penetrate into it.

Barbel Barbels are the most conspicuous cutaneous extensions
around the mouth of fish and are designated as feelers for searching
and testing the quality of food. In carp two pairs of barbels, are
present, the mandibular and maxillary ones. The former situated at
each angle of the mouth and the later on the snout, and both can be
seen in lateral view. The maxillary barbel is smaller than the mandib-
ular one, i. e., nearly less than half the size of the mandibular one.

The barbel is an elongated structure, broadest at the base and ta-
pering gradually towards the tip (Fig. 17 A). The maxillary barbel is
rarely found to become bifurcated at distal end. Mandibular barbels
are the first to become cvident as small bud-like protuberances of the
dermal layer of the skin enveloped by the epidermis at 18.5 mm juve-
nile and measuring about 2174 (Fig. 18 A). The maxillary ones are vis-
ible at larva 22 mm and the taste buds appear. The histological
preparations expose the following structures : the epiderims, basement
membrane and dermis.

Epidermis This consists of stratified layer of different types of
cells of unequal thickness and is slightly thicker at the proximal
end than the distal one (Figs. 17 A, 18 E). The cell layers are dis-
tinguishable into three regions according- to the kind and position of
cells. The outermost layer is mainly composed of 2-3 layers of flat-
tened cells. A very thin layer of squamous epithclium is marked
above it which occasionally shows desquamation. Below this layer is
the middle layer comprising 3-6 strata of rounded or oval cells and
elongated cells. The innermost or basal layer lies above the base-
ment membrane and consists of a single layer of elongated cells with
elongated nuclei lying perpendicular to the membrane. They contain
sharply stained 1-2 nucleoli and fine granules. Large number of deep-
ly stained basophilic nuclei are distributed more in number at the
proximal end than the distal part of the barbel.

Occuring either in the outer layer or the middle one, there are
many mucous cells which are more frequently detected in the basal
region than the middle one, but rarely marked from distal one, and
they are PAS-positive (Figs. 17 B ;18 E, F). They are rounded, flask-
shaped, or elongated with flattened nuclei thrust to the basal end of
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Fig. 17. A. Sketch from longitudinal section of left mandibular barbel
(8 mm long) of 201 mm carp.
B. Various sizes of mucous cells from sections of barbel. X 600.
C. Various sizes of club cells from sections of barbel. X 600,

the cell, and measure about 3-5x13-17 ¢ in diameter.

The club cells like the mucous cells are moure in number at the
proximal region than the middle one (Figs. 17 C ;18 E, F). They are
of various sizes and contain one or two almost centrally situated nu-
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Fig. 18. Photomicrographs of the structures of barbel.

A. Section through the head skin of 18.5 mm juvenile. X 200.

B. Tangential section through the maxillary marbel of 24 mm carp. X 500.

C. Tangential section through the distal region of the mandibular barbel
of 200 mm carp. x 200.

D. Transverse section through the distal region of the mandibular barbel
of 183 mm carp. x 200.

E. Transverse section through the proximal region of D. X 200.

F. Section through the proximal region of the mandibular barbel of 183 mm
carp. x 500.
bD. bud of mandibular barbel; bV. blood vessel ; bn. nerve cells ; Cc. club
cells; Dm. dermis: Ep. epidermis: Ms. mucous cells; Th. taste buds.

clei and two to four vacuolations measuring 20-30x42-75 u in diame-
ter. They are PAS-negative but occasionally their secretions are
stained greenish like mucous cells by Masson’s trichrome.

Lying among or peeping out or retracting from the epidermal cells
are the taste organs standing on the evaginations of the dermal con-
nective tissues. Lymphocytes are rarely present at the proximal re-
gion adove the basal cells. Their apices are rounded and protruding
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out, or truncated (Fig. 29 F), or flush with the surface (Fig. 29 1) or
depressed. The depressed apices are very few while the protruding
ones are predominating. They measure nearly 27-50 x 60-82 x4 in di-
ameter and their density is greatest towards the distal region (Fig.
18 C, D). ‘Included cells’ of Olmsted (1920) are rarely present
(Fig. 29 F, J).

Basement membrane Very thin and supported by a thin band of stra-
tum compactum.

Dermis This forms the central core of the barbels and consists
of loose connective tissue fibres in which blood vessels and bundles
of nerves are present and black pigments lie below the membrane.

Nasal flap Nasal apparatus shows wide varieties of adaptations
among fishes. Multfarious experiments have pointed out the sensitiv-
ity and the significance of the sense of smell of fishes in procur-
ing food and in orientation. The names of researchers in this area
include Aronsolni (1884), Steiner (1888), Bateson (1890), Herrick (1906),
Parker (1910), Sato (1937).

The carp possesses at the anterior end of the snout a pair of nasal
cavities, a small anterior one and a large posterior one. Standing
above the cavities and moving freely in various directions are leaf-
like cutaneous extensions, the nasal flaps (Fig. 19 B). They protect
the cavities from injuries and control the passage of water. In early
stages the cavities are a single chamber and probably the flap appears
by larva 18.5 mm in total length (Fig. 19 A). It divides the cavity into
two chambers by about 22-25 mm. Being an extension of the skin the
flap consists of essentially the same histological elements, i. e., epi-
dermis, basement membrane, and dermis. Epidermal thickness is great-
er on the anterior side than the posterior one (Fig. 19 C). Desquama-
tions are occasionally marked.

Mucous cells are more numerous towards the basal region than the
farther middle or post-middle ones, but their number appears to be
greater on the anterior side than the posterior one, and measure
about 5-10x10-15 2 in diameter. Promucous cells, almost rounded in
form and filled up with fine granules, measuring nearly 7-15x10-20 u
in diameter are occasionally marked among the mid-epidermal cells
along the proximal end of the flap. Their dense population hampers
the regular arrangement of the epidermal cells (Fig. 19 D). Club cells
are absent.

One or two typical taste buds are found on each dermal papilla
and are more densely studded on the distal and anterior end of the
flap than the proximal or post-proximal and posterior ones. A lympho-
cyte is rarely marked in the basal region of the bud (Fig. 29 G). The
apices of the buds are either protrudiag or truncated or conically de-
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Fig. 19. Photomicrographs of the structures of the nasal flap.

Transverse section through the nasal cavity of 18.5 mm juvenile. X 200.
Longitudinal section through the flap of 167 mm carp. X 100.
Longitudinal section through the middle part of the flap. X ZOO.
Section from the middle region of the flap, enlarged. X 500.

AN. anterior end ; Ms. mucous cell ; Nf. nasal flap ; Pg. pigment cell ;
Pm. promucous cells; PT. posterior end; St. stratum compactum;
Tb. taste bud.

Sow>
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pressed (Fig. 29 F H).

Dermis forms the core of the flap and is thicker at the proximal
ends than the middle or distal ones and tapers distally. On either
side below the basement membrane are thick hyalin bands of the stra-
tum compactum deeply stained green by Masson’s trichrome, and its
thickness measures about 20-25u at the proximal region.  Thin col-
lagenous fibres extend transversely towards the centre of the dermis.
Entangled within their meshes are sharply stained nuclei, nearly 2x
5 ¢ in diameter. Melanophores lie below the compact layer.

Operculum  This is covered on either side by similar integument-
al structures as the head. The epidermis on the outer side appears
to be thicker than the inner one (Fig. 20 A). Club cells are more
densely populated than the head. Small taste buds standing on the
dermal papillae are very few and measure about 30x 25, in diameter
in 82 mm carp (Fig. 20 B). Patches of neuromasts are frequently
seen in sections. The inner side differs from the outer one in certain
respects, i. e., mucous cells are slightly smaller than those on the
outer side, club cells are few, taste buds and pit organs seem to be
absent and smooth muscles are present in the matrix.

Conjunctiva of the eye  This is a membranous structure covering
or protecting the eye and is thinner on the outer and distal end than
the inner and proximal one. Small black pigments are frequently met
below the basement membrane. Tactile organs with rounded apex
or slightly elongated ones often lie embedded in the epidermis and
are born by the dermal elevations (Fig. 20 D). Taste buds are present
(Fig. 20 C). Occasionally a few mucous cells are marked, but club
cells are absent.

Caudal fin The general plan of the arrangement of epidermal
cells is the same as of the skin. A few millimater of length at the
tipis devoid of any sensory or club cells, and mucous cells are rarely
marked. Near the middle or the proximal ends both are present, but
the club cells prevail in number and contain as many as 2-8 nuclei
(Fig. 20 F). However, they are absent from the dorsal or ventral
margins. Taste organs are observed on either margins (Fig. 20 E).

VIl Structure of aimentary cana
A. Bucco-pharynx

Mouth

Lips By 7.9 mm larva, the lips become considerably thickened due
to increased stratification of epidermal cells which are infused with
taste buds (Fig. 27 A) ; their density is great as well as their height



Fig.

momo oOwm »

20. Photomicrographs of the structures of the operculum, conjunctiva
of the eye, and caudal fin.

Transverse section through the distal end of the operculum of 82 mm
carp. X 100.

Same as A from another section. X 500.

Transverse section through the inner side of the conjunctiva of the eye
of 82 mm carp. x 490.

Another section through the conjunctiva. X 200.

Vertical section through the posterior end of the caudal fin of 150 mm
carp. X 100.

Section through the middle region of caudal fin. x 200.

Cc. club cells ; Ms. mucous cells ; St. stratum compactum ; Th. taste
bud
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(Table 6). Mature buds were first marked on the upper lips at about
48 hours after hatching. In sections passing tangentially through
the marginal portions of the lips, they exhibit a flower-like arrange-
ment (Fig. 27 H) ; the outer side of the lip has similar histological
structues to the inner one. From outside inward, the epithelial layer
consists of squamous cells, several layers of polygonal cells or oval
cells, and a single layer of elongated cells lying above the stratum
compactum (Fig. 27 L). The elongated cells measure neary 5-7x7-10
¢ in diameter containing large and oval nuclei, about 4 x 6 zin 7.9
mm larva. Lying below this layer is areolar connective tissue of
dermis or submucosa containing blood vessels and nerves. The super-
ficial cells are flattened. Hornified denticles resting on thick mem-
brane are marked below and inner side of either lips (Fig. 27 C, D,

Table 6. Measurements (z) and counts per mm? of taste
buds in the upper lip and roof of buccal cavity of the
carp. Mesurements were made from sections.

Upper Lip
T. L. (mm) Height| Average | Diameter | Average
Number | Average D 1) () 1)
5 -6 40 20 20
6.1- 6.9 264 23-28.5 24.7 18.5-23.5 22.3
7 -7.8 184 -368 276 23-29.7 26.7 18.6-24 23
8 -10 272 -378 317.8 32-40.3 36.9 20.5-28.5 24.9
10.1-14 415 -531 474 50-63 55 22 -27 24.8
16 -17 473.5-553 511.3 51-63 55.1 23.5-26 24.9
23 -24
31 -39
73 -79
152
210
Roof of Buccal Cavity
T. L. (mm:) Number | Average | Height (4) Av(e;;age[ Dlarln)eter A\éigage
5 -6 %23 -205 179 14 -22 14.9 9 -17 10.8
6.1- 6.9 |142 -201 182 23.5-28.5 25.8 20 -25 22.3
7 -7.8 353 25 -30 25.8 17 -30 23
8 -10 1184 -368 330 22 -36.7 27.8 20 -25.7 22.2
10.1-14 272 -378 372.3 31.6-42.2 37.2 23.4-29.6 26
16 -17 437 33.5-49.5 39.9 18.5-25 24.6
23 -24 258 -465 395 32 -45 40 22 -27 25.6
31 -39 585.5 32.5-45 39.8 21 -28.5 244
73 -79 224.6-345.3 279.2 47.3-56.7 52.2 27 -41.3 32.1
152 149 -230 188 45 -67 56.4 25 -40 33.8
210 126 -276 1963 | 50 -70 60.4 27 -40 35
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L). At the level of maxillae the epidermal cells become continuous
with the same layer covering the maxillary valve. It is interesting
to note that the mucosal linings of the lips are thrown into minute
irregular ridges with shallow grooves among them (Fig. 22), and this
seems to be helpful in straining the minute food substances from
the muddy bottom.

Mouth opening It is a well known fact that the factors that bring
about structural variations in the mouth and its adjacent parts in
fishes are the feeding habits, and here the same is being described
in carp (formalin-fixed materials) at its different stages of growth.

Stage | (Fig. 21 A). A crescentic shaped mouth opening below the
eyes lies between the deflection of the head on the ventral side and
antero-dorsal part of the large yolk mass in newly hatched larva ir-
respective of their sizes. Nasal aperture is prominent.

Stage Il (Fig. 21 B). Specimens measure 5-7.4 mm in total length
when the yolk is decreasing in size and the head is being straighten-
ed out. Mouth which is still directed below, is being shaped out, and
the gape is increased.

Stage Il (Fig. 21 C). Specimens measure 7-9.5 mm in total length
when the yolk is completely absorbed. Mouth opening is widened and
is directed upward. Lower jaw appears smaller than upper one, and
lips are thickening.

Stage IV (Fig. 21 D). Specimens measure nearly 11-12 mm in to
tal length. Lips are thickened and taste papillae are prominent. Nos-
trils are being divided into two chambers. Mouth is still directed
upward and considerably widened. The upper jaw seems to project
a little beyond the lower one.

Stage V (Fig. 21 E). Specimens measure about 20-25 mm in total
length. The lower lip appears to be thicker than the upper one and
the lips have become slightly protrusible. The mouth is a little in-
ferior. Barbels have devoloped and nasal flaps are prominent.

Figures 21 F and G indicate the transitional stages of development
to the omnivorous type of feeding. Mouth, though terminal, is slightly
inferior. A few ridges are al& marked on the lips as stated before
(Fig. 22).

Maxillary valve Maxillary valves (oral valves, velar folds, and flaps
of tissue), as observed in full-grown embryo, are the mucosal exten-
sions towards the ventro-posterior direction originating from just
behind the upper lip and swinging freely into the buccal cavity (Fig.
27 C, E, G). Itis crescent shaped in outline, almost following the
contour of the inner side of the upper lip (Fig. 22). Papillae of
various sizes and numbers are found on its surface decreasing from
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St age Length(mm) Figure Lateral

' Newl y A
hat ched

I 5-7.4 B

1 7-9.5 c

v 11-12 D

Vv 20- 25 E

40- 45 F

100 G

Fig. 21. Sketches of mouth changes of carp.
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Fig. 22. Sketch of maxillary valve.
Mv. maxillary valve; Rg. ridges on the upper lip.

proximal end to distal one, and in arrangement, they follow the con-
tour of the valve.

Histologically, it is covered on its dorsal and ventral sides by the
stratified epithelial cells in the middle of which runs the dermal or
submucosal connective tissue continuous with the same from the up-
per lip and roof of the buccal cavity (Fig. 27 C, G). The stratified
epithelium from outside inward consists of several layers of squa-
mous cells, many layers of polygonal cells, and a single layer of
columnar or elongated cells (Fig. 27 F). The outermost layer of cells
become flattened. Papillae bear organs of taste and mucous cells are
also found but they seem to be limited to the border. They are larg-
er and more numerous on the ventral side than the dorsal one and
the latter one seems to be slightly thinner than the former one.
Larger papillae at the proximal region bear 2-4 taste buds while the
remaining smaller ones carry only I-2 ones. The epidermal thickness
appears to be increasing with the size of the fish. Lying below the
epidermis is a thin layer of stratum compactum which is clearly dis-
tinguishable by larva 16-17 mm in total length (Fig. 27 F, G).

The submucosa consists of blood vessels and nerves scattered in
the connective tissues. A few black pigments are also found. In the
larval stage it is not clearly marked (rather, valves consist of only
squamous cells or flattened cells), but by larva 6-6.8 mm in total length
it is found as a thin layer passing into its proximal regions dividing
the squamous cells into an upper and lower strata.

Bucco-pharyngeal folds The roof of the buccal cavity seems to be
concave and the floor a little convex (Figs. 7 A; 27 J). The former is
strengthened by the base of the cranium while the floor is supported
by the basihyal, which in the earlier stages remains freely movable
due to little musculature.

A few prominent papillary folds, knob-like in outline, are seen as
early as 9-10 mm larva. They seem to be more numerous on the roof
than the floor and the sides, and in the latter case sometimes they
appear to be scanty.
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By 15 mm larva (Fig. 23 A) well developed papillary folds are ar-
ranged more or less in a regular manner. In the centre of the roof
there are 3-4 distinct and broad longitudinal ridges bearing knob like
papillae, 16-19 in number in each row (Fig. 23 B). Just behind the
maxillary valve there are a few large papillae, arranged in 2-3 rows.
These are again followed posteriorly by another 2-3 transverse rows
of smaller sizes which pass diagonally following the shape of the
mouth cavity down the lateral sides. There are only 6-8 diagonal
rows and almost all pass without any demarcation line into the an-
terior part of the roof of the pharynx (palatal organ of Valatour). Here
the apices of the papillae become slightly flattened and the crypts
shallow and become gradually smaller in size laterally and posteriorly.

On the floor the same type of papillae with the same arrangement
are present in front of the basihyal and the latter one is also cov-
ered with the same papillae with the same arrangement. They continue
towards the lateral side following the contour of the cavity and in-
crease in number and height with the size of the fish (Fig. 23 C, D).

The diagonal rows pass imperceptibly into the mucous membrane
at the inner base of the operculum. The palatal organ has more
numerous papillae on its anterior end than the posterior or lateral
ones (Fig. 23 B, D, F). They are irregular in arrangement but are
disposed longitudinally in front of the horny pad. Just behind the lower
lip there are a few transversely arranged folds bearing small papillae,
3-5 in number (Fig. 23 E). Behind these and in front of the rudi-
mentary tongue there is a narrow longitudinal streak which marks
the beginning of the diagonal rows of folds running outwardly and
backwardly (Fig. 23 C, E). Papillae continue till the fourth gill arch,
while Curry (1939) marked their convergence at the third gill arch.
Secondary papillae are very few and occasionally large flattened pa-
pillae are found behind the tongue. Close and behind the horny pad
and pharyngeal teeth a few longitudinal folds are found which continue
into the oesophageal ones.

Pharyngeal teeth The teleosts have usually five pairs of gill arches,
each holding dorso-ventrally four pieces : pharyngo-branchial, epi-bran-
chial, ceratobranchial, hypo-branchial, and a single additional basal
piece the basibranchial. Gill (branchial) arches, or their parts, are
sometimes modified for the attachment of teeth which is usually
recognized as a compensation for the reduction or loss of teeth in
the mouth or jaws. In the carp the cerato-branchials of the fifth
branchial arch are modified into a sickle-shaped structure joined
ventrally by ligament and is named pharyngeal arch and bear teeth
called pharyngeal teeth. Many investigators like Jurine (1821),
Heckel (1842), Edward (1929), Gribb (1930), Chu (1935), Belogurov
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Fig. 23. Sketches of bucco-pharyngeal folds of carp.
A and B. Floor and roof of 15 mm larva. C and D. Floor and roof of 100
mm young. E and F. Floor and roof of 200 mm young.
Bh. basihyal ; FI. longitudinal furrows ;Gl. gill ; Hd. horny pad ; Lc.
cut end of lower lip; Lp. lower lip: Of. oesophageal folds ; Pp. papillae ;
Pt. pharyngeal teth; Rf. longitudinal rows of folds, Rg. ridges of lips;

Rp. roof of pharynx; Tr. transverse ridges; Uc, cut end of upper lip;
Up. upper lip.
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Fig. 24. Sketches of pharyngea teeth of carp.

. Pharyngeal teeth of 10.7 mm larva

. Pharyngeal teeth of 14.3 mm larva

. Pharyngeal teeth of 19 mm larva

. Pharyngeal teeth of 35 mm carp.

Apices of teeth of 17.3 mm larva

. Crown of teeth of 28 mm carp.

Aj-A,, By, B;, C. first, second and third row of teeth; RPT. replacing
tooth ; gr. groove.
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(Fig. 24, continued)

G. Pharyngeal teeth of 43 mm carp.
H. Pharyngeal teeth of 90-100 mm carp.
I. Crown of pharyngeal teeth of 350 mm carp.
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(1940), Hubbs and Hubbs (1945), Trautman and Hubbs (1948), Evans
(1955), Edmund (1960), Horosywicz (1960), Vladykov and Mukerjee
(1961) and Schwartz and Dutcher (1968) have worked on the structure
and function of pharyngeal teeth. However, the present study is aim-
ed to observe the changes in form and shape at different stages of
the carp.

To understand clearly its structure at different stages, it is better
to describe the arrangement of teeth on the pharyngeal arch of the
adult. Three rows of teeth are recognized, namely A, B, and C rows
of Figures 24 | and 28 M-O ; row A consisting of three teeth, row B
containing either one or two, and row C holding only one tooth. The
teeth of each row differ from one another in structure and those of
row A may be designated antero-posteriorly as A,, A,, A,, and A,
(present till young) and row B as B, and B,. The tooth A, (anterior-
most) is stout and has a cylindrical neck bearing an almost helmet-
shaped crown with a pointed elevation towards the cavity of pharynx
(Figs. 24 1 ; 28 M). No groove or furrow is ever marked and the sur-
face is smooth and shining after the preparation. The tooth A, is the
stoutest and has a thick cylindrical neck bearing the largest flat
crown with 2-3 prominent transverse grooves or furrows. The grooves
are arranged along the dorso-ventral direction on the surface of the
crown. A, is the longest tooth and has a cylindrical neck bearing a
flat crown with 1-2 grooves. A small groove extending for first-fourth
of the crown is generally seen in all cases. The vestige of A, is
marked on the posteriormost region attached to A,. Row B has a
single tooth, with the occurance of two considered not unusual (Fig-.
24 G-l1). The tooth B, has a cylindrical neck like those of row A and
a rough flat crown with about 2 grooves. The crown surface is much
smaller than those of A, or A,. The neck of B, is a thin cylindrical
structure bearing a crown of the same size or smaller than B, and
is provided with I-2 grooves (Fig. 24 H). The crown of B, seems to
be weakly attached to the neck and is usually torn out during prepa-
ration. The crown of C has a slender and cylindrical neck bearing a
small crown with 1-2 grooves, this tooth is the smallest. The gener-
al surface of the crowns, beside the grooves (except A,), are rough
and are marked with minute elevations perhaps facilitating the pro-
cess of mastication.

The teeth are arranged in 3-4 rows in the 10-28 mm fish in a ratio
of 3:2:1:10r4:2:1:1 totalling 7-8 (Fig. 24 A--C). In the second
row B, and B, are seen and an extra one lies between A, and B, (Fig.
24 A). The tooth C is a single one lying at the posterior end of sec-
ond row and A, remains attaching to A, (Fig. 24 B). They are sym-
metrical in arrangement, i. e., the number of teeth on one arch is not
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the same as on the other. Alizarine Red does not penetrate into the
outermost enamel substance, while all other parts and teeth are beau-
tifully coloured indicating there degree of ossification. The teeth
are broad at the base and taper at the distal end and their curved
pointed ends project into the pharyngeal cavity (Fig. 24 B, C). The
apices are sharp and are directed backward. They are strongly ser-
rated on the inner margins. Their structures suggest their function-
ing characteristics and seem to help in holding the prey and pass them
into the oesophageal cavity.

The replacing teeth, 3-4 in number, embedded in the pharyngeal
tissues are present, one near the apex of A,, the other at B, and a
small one near the last tooth: the largest one being at A, and the
smallest one at A, in 10.7 mm larva. Their crowns appear to be point-
ed (deeply stained with Alizarine) while the necks are broad and
cylindrical (unstained with Alizarine). The crown grows a certain
extent during a certain time and the neck appears to be formed. It
is the neck which seems to be fused to the pharyngeal arch and
becomes ossified. The neck of the older tooth is resorbed and in
this way the older tooth is being replaced throughout the life of the
fish.

The number and the structure of teeth are not fixed in the larval
or post-larval stages. By 14-16 mm in total length A, A, and B, ap-
pear to be more strongly serrated and curved than before indicating
thereby a strong carnivorous habit, as such conditions are best suited
for preying (Fig. 24 B). The crown of A, is being broadened rather
than pointed. When the young carp reaches 17.3-19 mm in total length
the apices of some teeth (i. e., A,, B,) exhibit their flattened surfaces
though the pointed and curved apices are not uncommonly marked
(Fig. 24 E). Further, the surfaces of A, B, and B, are rough or
covered with minute grain-like elevations. The serrations are evident
till 19-22 mm after which they seem to decrease with the correspond-
ing increase of the flatness of apices or crown. In 26-28 mm young
the flattening of the crown is prominent with the subsequent forma-
tion of grooves or furrows (Fig. 24 F). Only one groove each is mark-
ed on A,, A;, and B,. The rims or outer margins of the crown re-
main to some extent serrated at 45-50 mm in total length. A, appears
to be lost at nearly 28 mm in total length and a remnant is found to be
attached to the basal end of A,. By the time the carp reaches 90 mm,
deep grooves are formed, I-3 in number except A, as in the adult.

The ratio of the length of pharyngeal arch to its breadth is great-
er in the early stages till 30 mm is reached, being 3-4.26, than the
later stages of about 45-50 mm and onward, when it is 2.2-3.46 and
becomes constant at an average of about 2.87 (Fig. 25).
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Fig. 25. Relation of length-breadth ratio of pharyngeal arch to total length.

Horny pad The horny pad (cornified or callous pad) is biconvex and
almost four cornered (Fig. 26 C, D). It lies behind the palatal organ
bounded on the sides by the foliaceous tissues and is firmly fixed on
its dorsal side to the concavity of the basi-occipital bone of the cra-
nium. On its ventral side it is medially ridged or elevated in length
wise direction and faces the dental regions of the pharyngeal arch so
as to meet each other during crushing or macerating the food.

Morphologically the horny pad can be first distinguished by larva
10-13 mm in total length. Histologically the cells are definable by 6-6.8
mm larva as described in chapter VI. They become quite evident by 7-8
mm larva and the adult histological elements are established by 10-13
mm larva. Due to its soft texture till 27-28 mm or even 40-45 mm,
pads can be sectioned after the usual Bouin's fixation, then hardness is
felt and this seems to increase with the size of the carp. However,
it consists of superficial zone (stratum corneum), central zone (stratum
mucosum), basal zone, basament membrane and submucosa.

The superficial zone consists of several layers of degenerating
horny cells and is of irregular thickness as it always undergoes the
process of sloughing. Normally it is thicker in the middle than the
sides (Fig. 26 A) and has affinity for the yellow colour of Mallory’s
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Fig. 26. Photomicrographs of the structures of horny pad.
A. Transverse section through posterior part of pharyngeal cavity of

13.1 mm larva. X 50.
B. An enlarged part of transverse section through horny pad of A.

x 200.
C. D. Ventral and dorsal view of horny pad of 250 mm carp.
E. Taste bud from section of pad of 13.1 mm larva. X 500.

Af. angular fold: Bm. basement membrane; bN. basal nucleus: BZ.
basal zone; CZ. central zone; Hc. horny cells; Hp. horny pad; nF.
nerve fibres ;nC. nerve cells ; Pc. polygonal cells ; Pt. pharyngeal
tooth ; Rt. replacing tooth ; Sm. submucosa ; SZ. superficial zone ; Th.
taste bud.

triple stain.

The central zone comprises multi-layers of polygonal cells and can
be differentiated into an inner and an outer area (Fig. 26 B, E). The
cells of the inner area are in the state of modification into horny
cells towards the superficial zone. They become flattened and are gradu-
ally hornified and disintegrated. Cells of the outer area are in the
normal polygonal conditions and their intracellular bridges are com-
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pactly filled with calcified materials. The cytoplasm takes up eosin
colour strongly and accepts the crimson colour of Mallory's triple stain.
Nuclei are deeply stained and contain a prominant rounded or oval
nucleolus ; a few chromatin granules are also observed. This layer is
thrown into folds, which are first marked in about 7-8 mm larva,
and they are longer in the middle than on the sides. In 16.8 mm larva
a transverse section through the middle region shows nearly 22-24
folds and each one is separated from another one by finger-like pro-
jections of submucosa. The polygonal cells along the basal region
appear to be smaller and denser than those towards the superficial
zone.

The basal zone comprises a single layer of low columnar cells sup-
ported by an indistinct basement membrane. Usually a submucosal
evagination bears a taste bud and their nerve processes pass into in-
tra-cellular spaces of the polygonal cells of the central zone (Fig.
26 B, E). A basal cell is present at the base of the bud. The taste
buds are marked till 30 mm in total length.

All the three histological zones of the pad seem to be the mod-
ified cells of the epithelia of the pharyngeal cavity. The mucous-
secreting cells stop suddenly at the dorsal surface of the posterior
pharynx where the pad is being developed and the cells are gradually
transformed into polygonal forms hardened by heavy calcification.
The submucosa of the anterior pharynx passes into the same layers
of the pad and consists of connective tissue fibres intermingled with
striated muscles.

Bucco-pharyngeal lining The histological descriptoins of the bucco-
pharyngeal lining have been divided into an anterior or buccal cavity
and a posterior or pharyngeal one.

Buccal cavity In regard to histological structures, it can be stated
briefly that the buccal cavity epithelium comprises three regions of
mucosa, stratum compacturn, and submucosa with muscle fibres. The
mucosa is stratified and consists from outside to inside, of several

Fig. 27. Photomicrographs of the structures of buccal cavity.
Transverse section through lips of 7.9 mm larva. X 200.
Transverse section through anterior part of buccal cavity of 7.9 mm larva.
X 200.
Longitudinal section through buccal cavity of 7.9 mm larva. X 200.
Lower lip of C, enlarged. X 400.
Transverse section of maxillary valve of 6 mm larva. X 400.
Distal part of section of maxillary valve of 16 mm larva. X 400.
Longitudinal section through maxillary valve of 16 mm larva. X 200.
Tangential section through upper lip of 250 mm carp. X 100.
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layers of squamous cells, polygonal cells, fusiform or oval cells, and
a single layer of inner basal columnar cells (Fig. 27 J-N). The ar-
rangement of the cells of the middle layer, between outer squamous
and innermost basal cells, is disturbed if there is heavy accumulation
or gathering of secretory cells. Patches of desquamating cells
are usually all stages of the fish both on the roof and floor.

By 7.9 mm larva the mucosa becomes 2 4 layers thick, consisting
of low conical papillae, which are 8-10 in number in the cross section.
Behind each corner of the mouth, a flap of snout-skin is marked (Fig.
27 B) and this structure was evident since the yolk was being ab-
sorbed. It has the same histological structures as the skin but the
taste buds were always marked around the distal end. The following
types of cells are recognized among the epithelial cells : mucous cells,
promucous cells, club cells, taste buds, and basophilic ceils.

The mucous cells interrupt or disorientate the squamous linings of
the cavity (Fig. 27 J, K, M, N) and they are of various sizes depend-
ing upon the thickness of mucosa. They measure about 5-7x4-6 4 in
diameter in 7-8 mm larva and attain about 40x 15 g in diametor in 300
mm in total length. In shape they may be goblet or elongated with
their flattened nuclei pushed to the basal end of cells and they pour
out their secretions from minute pores into the cavity. They have
great affinity for mucicarmine, PAS, and Alcian blue. Their distri-
bution is irregular and abundant, but they seem to be more numerous
along the sides of the crypts than the tops of folds. Promucous cells
are plentiful near the inner or middle layer of epithelium (Fig. 27 M).
They are sharply distinguished by Masson’s trichrome, and PAS also
stains them, though this is slight, whereas the mucous cells are
strongly coloured. They are rounded or slightly oval with fine gran-
ules. The cells in the basal layer are formative or germinative out

(Fig. 27, continued)

Longitudinal section through tongue region of 13.6 mm larva. X 200.
Transverse section through roof of buccal cavity of 16.8 mm larva. X 200.
Transverse section through roof of buccal cavity of 24 mm carp. X 400.
Longitudinal section through lower lip of 250 mm carp. X 100.

Transverse section through buccal cavity of 210 mm carp. X 400.

Transverse section through buccal cavity of 300 mm carp. X 100.

Transverse section through anterior part of buccal cavity of 23 mm carp. X 200.
Bc. basal cell ; BC. buccal cavity; BH. basihyal ; BL. basal layer ; Bm.
bascment membrane ; Cc. club cells; Dm. dermis; Ep. epidermis; FS. fold
of skin ; FP. finger-like projection; HD. horny denticles; Ms. mucous cells;
Mv. maxillary valve ; Mx. matrix of mandible ; Pc. polygonal cells ; Pm. promu
cous cdls; SC. stratum compactum ; Sm. submucosa ; Sq. squamating cells ; Th.
taste buds.
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(Fig. 27, continued)
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of which these promucous cells are formed and appear to migrate
towards the surface gradually. Mucous cells are also marked from
the tongue region (Fig. 27 1).

Club cells elongated, oval, or rounded in form, lie scattered among
the epithelial cells of the roof or floor but seem to be absent from
the tongue region (Fig. 27 M). They occasionaally contain 4-5 nuclei
in their secretory mass, which takes up pinkish (after Delafield's
haematoxylin) or greenish (after Masson’s trichrome) or light brown
(after Humason and Lsusbaugh) colourations. However, they do not
respond to the standard stains of mucuos. Diameter of the cells meas-
ures about 20-40 x 15 -28 uin 78-200 mm specimens.

Taste buds are strikingly abundant and large (Fig. 29 E H, J ;
Table 6) and show a great increase in size from about 25-27.8x20-25
¢ in diameter in 6 8 mm larva to about 92 x 32 x in diameter 300
mm specimen. The nerve cells appear to be spindle-shaped with the mid-
dle part slightly swollen or enlarged to accommodate the oval nuclei.
Supporting or sustentacular cells are slightly elongated and either
cover the nerve cells or lie mixed with them. Each papilla bears
2-4 or even 5 buds. Rarely, lymphocytes are marked either towards
the proximal or distal end of the buds (Fig. 29 G) and small vacuoles
are observed towards the distal ends of the buds (Fig. 29 F). A basal
cell with flattened nucleus lies at the base close to the boundary line
between the bud and submucosal evagination. Regarding their shape,
they are bulb- or flask-shaped (Fig. 29 E) and their apices are either
protruding or rarely depressed (Fig. 29 H). Along the sides of the
cavity both the taste buds and mucous ceils are absent. The inner
layer of the mucosal epithelium contains the elongated cells with
oval nuclei directed perpendicularly upward and they lie among the
sinusities of the thick stratum compactum. Deeply stained basophilic
nlucei are abundant near the inner layer.

Stratum compacturn is a hyalin band of collagenous fibres and meas-
ures about 6, 51, and 20 z in thickness in 31, 210, and 300 mm spe-
cimens, respectively. It is easily discernible in the 20-24 mm juvenile
(Fig. 27 K-N) and has great affinity for the blue and green colour-
ations of Mallory's or Masson’s trichrome stains. Very thin basement
membrane is occasionally marked. Small black pigments are observed
below the substratum compacturn in the anterior part of the cavity.

Submucosa consists of areolar connective tissues with flattened
nuclei mixed with collagenous fibres, which are densely situated near
the stratum compactum. Lying among these tissues are longitudinally
striated muscle fibres distributed irregularly. The thickness of the
muscular coat is not uniform. Adipose tissues are seen towards the
inner side of submucosa, usually at the tongue region.
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Transverse section through roof of pharyngeal cavity of 31 mm carp. X 200.
Transverse section through roof of pharyngeal cavity of 16.8 mm larva. X 200.
Longitudinal section through pharyngeal cavity of 7.7 mm larva. < 200.
Section through roof of pharyngeal cavity of 325 mm carp. X 50.

Transverse section through roof of pharyngeal cavity of 152 mm carp. X 200.
Section through mucosa of pharyngeal arch. X 200.

Section through junctional part of bucco-pharyngeal cavity of 325 mm carp.

x 100.
Submucosa of E, enlarged. X 500.
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Pharyngeal cavity The anterior pharynx consists of the palatal organ
on the dorsal side, the gill on the lateral sides, and the basihyal
on the ventral side. Histologically. lining of the cavity consists of
the same layers of cells as the buccal cavity. In a newly hatched
larva the mucosal lining is 1-2 layers thick, and consists of squa-
mous cells which in crease to about 8-10 layers by 7.7 mm larva
(Fig. 28 C). Outermost cells facing the cavity are flattened with flat-
tened nuclei parallel to the surface and their shedding is occasional-
ly marked.

Intermingled with epithelial cells are mucous cells and taste buds
(Fig. 28 A-E). The former ones interrupt the normal arrangement of
the stratification of the epithelial cells, as a result of which the basal
columnar cells become smaller in size, and where these cells are scanty,
the epithelial cells tend to beome larger. They are oval, rounded, and
sacciform and their nuclei lie at the base usually compressed as in
the buccal cavity. A discharged mass of mucus is ususally marked
along the free surface (Fig. 28 C, D). Alcian blue and PAS give more
than the outer half of the epithelium a continuous sequence of blue
and red colorations, respectively. These cells at the junction of the
buccal and pharyngeal cavity do not form stratified layers, rather
they are distributed haevily along the border (Fig. 28 G).

Lying among the epithelial cells and standing on the submucosal
projections are the taste buds of the same structure and form as in
the buccal cavity. Their number and measurements at various stages
are given in Table 7. They increase in size with the thickness of
the epithelia and their density is observed to be 2-4 on a single
papilla, being more on the roof than floor. In one transverse section
through the roof of 16.8 mm larva, the taste buds were counted to
be 42 in number ; thus the roof appears to be highly gustatory.

Basement membrane is occasionally marked and is very thin. The
stratum compactum is thicker at the anterior region of the cavity

(Fig. 28, continued)

Transverse section through posterior pharynx of 16.8 mm larva. X 200.
Section through replacement tooth of 10.6 mm larva. X 200.

Longitudinal section through second tooth of 16.8 mm larva. < 400.
Pharyngeal arch and teeth of 15 mm larva. X 32.

Pharyngeal arch and teeth of adult carp.

Ventral view of M.

Frontal view of N.
Ai-A;. first, second and third teeth of first row ; B. tooth of second row; Bm.
basement membrane; C. tooth of third row; Cn. canaculi; DN. dentine; FD.
fold; fc. flattened cell ;Gl. gill; Mf. muscle fibres; Ms. mucous cells; nc. nerve
cells ; OB. odontoblasts ; PC. pulp cavity ; PT. pharyngeal tooth ; RT. replacing
tooth; SC. stratum compactum; Sm. submucosa ; Th. taste bud.
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Table 7. Counts and measurements of taste buds per mm?
in the roof of pharynx of the carp. Measurements
were made from sections.

: Average n. Average

(Tmrh) Number ‘ '?,‘]\(J%gg? | H(e:ght he(l%lt lDlameter‘ dlaae)ter
5 -6 132-208 | 215 | 16-22 19.6 1522 17.8
6.1-7 212-405 313 1832 | 225 1425 212
7.1- 8 119-545 . 482 22-32 25.8 18-23 20.8
9 -10 | 614 30-35 32.0 18-24 24.6
1 -14 621 . 35-43 39, 2 22-29 26.8
15 -17 645-1063 | 831 | 3445 40.0 17-22 19.4
23 -24 603-953 750 40-50 45.4 22-28 24.8
31 -39 645-983 852 | 3743 41.0 22-29 25.3
152, 553- 845 695 570  67.0 25-37 28.8
210 553- 968 | 675 | ¢5.72 | 681 30-37 33.2

and thinner and irregular in other regions.

The submucosa consists of areolar connective tissues intermixed with
striated muscles running transversely along the surface. Longitudinal
and obliquely vertical arrangements are also encountered (Fig. 28 E,H).
The muscle fibres even penetrate into the papillae bearing taste buds
and remain closely associated with the stratum compactum as reveal-
ed by the silver technique. They are cut in section in various lengths
and are longer in the middle or central regions then the sides and
floor. Nerve supply is rich and blood vessels are present. Large fat
tissues are found below this layer.

The mucous membrane on the pharyngeal arch is raised into irreg-
ular folds varying in height according to the size of the specimen,
and its features become quite prominent with the naked eye by 30-40
mm in total length. Histologically, it consists of the same constituents
as the pharnx (Fig. 28 F). The density of mucous cells is broken at
the tops of folds. Taste buds, 1-2 in number, are usually born on the
submucosal evaginations and their presence suggests their mechani-
cal help in relation to the feeding mechanism.

In the posterior region of the pharynx the mucosal folds are either
broad or bluntly pointed. In the lateral regions angular folds are
more elongated than others (Fig. 26 A). The replacing tooth, consis-
ting of central pulp cavity, is filled with connective tissue cells, or
mesoblasts, and is surrounded by dentine which in turn is enveloped by
odontoblasts (Fig. 28 J). Figure 28K is a section passing longitudinal-
ly through the second tooth of the first row (i. e., A)). The odonto-
blasts are arranged orderly around the dentine forming a continuous
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29. Taste buds from sections of different organs of carp. A and B. taste
buds (immature) from buccal cavity of 5.6 mm larva, 10-12 hours after
hatching; C. from gill arch of 5.3 mm larva; D. from barbel; E. from buc-
cal cavity; F. from gill arch; G. from nasal cavity; H. from nasal flap ; I.
from barbel; J. from buccal cavity. BC. basal cell ; Cv. cavitation; lc.
included cell ; Lc. lymphocyte ; NC. nerve cell; NF. nerve fibre; SC. sup-
porting cell.
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layer of elongated cells with oval nuclei. The dentine is formed by
the underlying odontoblasts. Freshly formed dentine lies close to the
odontoblasts while the older dentine gives rise to the formation of
enamel ; their cytoplasmic processes lie in the canals or tubules of
dentine.

Gill There are four pairs of gill arches bearing gill rakers and
gill lamellae (gill filaments). Each arch is composed of five bony pieces
arranged dorso-ventrally, known as pharyngo-, epi-, cerato-. hypo-,
and a single basi-branchial lying on the floor of the pharynx ; dorsal-
ly, they are connected to the roof of the skull. Cerato-branchial is
the longest one, and it bears the majority of gill filaments. The size
of lamellae is in decreasing order on the epi- and hypo-branchials.
Dorsally, the pharyngo-branchials are free from lamellae.

For the sake of easy and clear understanding a gill may be divided
into three regions (Fig. 30 J) : (1) brancial head comprising the bony
gill arch and gill rakers ;(2) two primary gill lamellae, the outer
(oral) and the inner (aboral), supported by cartilaginous gill rays
and bearing hemibranchs, which are outer and inner with respect to
the lamellae to which they are attached ; and (3) the interbranchial
septum (diaphragme branchiale of Duvernoy, or gill septum of Good-
rich) consisting of muscles, blood vessels and nerves. The septum
joins the two hemibranchs with the gill arch and reaches about half
the length of the lamellae. The tendons of the abductor muscles lie
outside the efferent branchial vessels and the two sets of adductor
muscles cross obliquely the interbranchial septum to become inserted
on the gill rays of the opposite lamellae (Fig. 30 J).

The joining ends of the epi- and cerato-branchials are cartilagi-
nous which help free movement of the arches during respiration (Fig.
30 I). The gill rays are flattened, being broader at the proximal end
than at the free distal end. They consist of cartilaginous cells en-

Fig. 30. Sketches of gill of carp.

A. Gill of 46 mm larva. X160; B. Gill of 5.3 mm larva. X160; C. Gill of 6.6
mm larva. X80; D. Gill of 10mm larva. X80; E. A part of gill of 7.6 mm larva.
X120; F. Gill of 10 mm larva. X32; G. Gill of 35 mm larva. X32; H. A part
of gill of 17.3 mm larva. X120, black spots mark the extent of ossification; I.
The joining ends of epi- and cerato-branchials ;J. Complete gill cut transversely ;
K. Afferent branchial vessels.

ae. aboral primary gill lamella; av. afferent branchial vessel ; bd. bud of lamella ;
bm. abductor muscles ; cb. cerato-branchials ; dm. adductor muscles ; eb. epibran-
chials; ev. efferent branchial vessels; ga. gill arch; gl. gill ray; gr. gill raker;
ht. heart ; ms. mucous cells ; oe. oral lamella ; pl. primary gill lamella; pp. papilla ;
sl. secondary lamella ; tbh. taste bud.
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Fig. 30.
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Fig. 31.
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Fig. 31. Photomicrographs of structure of gills.

Transverse section through gill of 6 mm larva. ><200.

Transverse section through gill of 7.9 mm larva. X200.

Transverse section through gill arch of 13.6 mm larva. x500.
Longitudinal section through gill of 31 mm young. X<Z200.

Transverse section through gill of 16 mm larva. X200.

Transverse section through distal region of gill arch of 200 mm carp.
x500.

Longitudinal section through primary gill lamella of 200 mm carp.
x500.

Longitudinal section through gill of 200 mm carp. X50.

Tangential section through secondary gill lamelia of 200 mm carp.
x500.

Transverse section through distal region of gill raker of 200 mm carp.
x200.

Gill rakers on three gill arches of 250 mm carp.

L and M. First right gill arch of 250 mm carp.

Ag. aboral gill lamella; av. afferent branchial vessel ; Bc. blood capillary ;
bm. abductor muscle ; Bm. basement membrane ; Dm. dermis ; dm. adductor
muscle ; Ep. epidermis ; ev. efferent branchial vessel ; Fe. flattened epithe-
lium ; Ga gill arch ;Gl. gill ray ; Gr. gill raker ; Lc. large secretory cell ;
Ms. mucous cell ; Mx. matrix of gill raker ; Og. oral primary gill lamella;
Pc. pilaster cells or supporting cells ;Pl. primary gill lamella; Pm. promu-
cous cels ; pp. papilla ; SC. stratum compactum ; Sl. secondary gill lamella ;
Th. taste bud.
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veloped by bony matrix which helps in rigidity and flexibility. The
connection to the arch is strengthened by connective tissues, there
being no special articulating surface between them. The secondary
lamellae are ridges or processes of the primary gill lamellae standing
nearly at right angles to them and contain blood vessels and support-
ing cells strengthened by respiratory epithelium.

Four gill arches separated by very narrow gill slits are counted
in a newly hatched larva. They decrease in size antero-posteriorly,
bending slightly in the middle of the cerato-branchial and are set ob-

Table 8. Measurements and counts of size of gill arch (SA). size of
smaller gill lamellae (SG), size of larger gill lamellae (SL), num-
ber of gill lamellae (NL), number of gill rakers (NR), and num-
ber of taste buds (NB) of carp. Measurements were made in

millimeter.
T. L. ARCH | ARCH 11
(mm) | sA | se|sL | NL| NR [NB| sa | NL| NR | NB
4.6 | 025 302 | 2 025 | 2
5.6 | 034 305 | 3 025 | 2
53| o041|0.01|305| & 2 | 031 4 2
56 | 059/003|010 8 2 | os0| 6
58| 068[003]010 6 3| oes| 6
66 | 075|0.05| 015 8 3| oes| 7 3
70 | 088 005|027 20, 7 | o85| 18 7
74| 090|003|015 25| 15 | 083| 17 15
88| 102/005|017 B 28 | 103| 26 18
96 | 102|009|032 40 20 | 03| 38 30
121 | 1880.13| 044 | 40 32 | 188| 36 28
132 | 156|019| 050 | 56 2% | 156| 36 2
145 | 181 056 | 58 30 | 181| 42 30
152 | 234819069 | 60 14414 219 | 50 | 14113
185 | 250|019 | 056 | 56 13+14 216 | 56
231 | 290 100 | 66 |13+14 2.6C | 60 | 13414
234 | 281|819|078| 72 16+1€ 281 | 72 18118
247 | 297 081 | 66 13+12 281 | 78 | 1617
253 | 2097 100 | 66 | 14417 281 | 66 | 16418
310 | 350 120 | 76| 14417 3.9c | 66 | 1518
385 | 500 2.00 92 | 15417 a.40 | 102 | 20420
420 | 500 88 | 1620 500 | 102 | 20421
540 | 620 270 | 108 | 15-16 6.1 | 104 | 18-+20
620 | 7.00 280 | 128 | 20123 6.7C | 128 | 22423
680 | 850 280 | 146 | 18--19 7.70 | 140 | 20420
850 | 850 320 | 148 | 19426 8.50 | 144 | 26426
900 | 990 154 | 18+-16 9.8 | 170 | 11415
1040 | 1270 370 | 168 | 20425 10.0c | 156 | 26425
1500 | 15550 6.50 | 170 | 16--26 15.5C | 170 | 26427
1630 | 16550 6.50 | 196 | 1819 16.5C | 196 | 19+21
166.0 | 1650 7.00 | 164 | 15--19 1650 | 168 | 21422
172.0 | 16.00 8.00 | 200 | 20426 1550 | 204 | 26427
1820 | 20.00 8.00 | 212 | 16422 1950 | 210 | 25+23
2000 | 20.00 226 | 16-+24 1950 | 212 | 23423
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(Table 8, continued)

T. L. ARCH 111 ARCH IV
(mm) SA NL NR NB SA NL NR : NB
4.6 0.17 0.05
5.6 0.14 0.14 ‘
53 0.31 4 0.26 2
5.6 0.56 4 0.56 4 |
5.8 0.59 5| 3 0.59 5 | 3
6.6 0.59 7 3 0.59 7
7.0 0.85 14 5 0.68 14 4
7.4 0.83 14 15 0.82 14 15
8.8 1.03 26 20 0.96 22 18
9.6 1.03 20 30 0.90 36 20
12.1 1.88 36 21 1.88 31 i 32
13.2 1.25 50 26 1.25 50 2 5
14.5 1.81 46 26 1.63 40
15.2 2.19 40 | 17413 2.03 40 13-i-12
18.5 2.19 56 12411 2.19 44
23.1 2.50 60 | 14--16 2.40 56 15 i-15
23.4 2.66 66 17--17 2.66 66 11-+10
24.7 2.81 62 17417 2.66 58 16417
25.3 2.81 46 144+17 2.19 56 15-4-15 |
31.0 3.20 66 18419 3.00 60 14414 \
38.5 4,20 80 174-16 4,00 60 20-4-20
42.0 4.70 88 | 22421 4.20 88 18116
54.0 6.00 109 18419 5.10 76 184-15
62.0 6.60 120 25--22 6.20 128 23-+20 |
68.0 7.40 132 21420 7.00 124 21-t-18 }
85.0 8.20 168 25-+28 8.00 136 25-4-27 |
90.0 9.20 160 27426 9.20 146 2126 |
104.0 10. 00 164 2829 9.00 158 29424
159.0 14.00 184 26--26 14.00 152 22422
163.0 15.00 204 20--21 14. 50 180 16--16
166.0 15.50 164 2423 12.00 160 2016
172.0 14.50 212 25426 14. 50 180 25422
182.0 19.00 204 27127 16. 50 200 2723
200.0 18.00 220 | 20422 15.50 178 21422 |

liquely in the dorso-ventral position on either side of the pharyngeal
cavity. The first arch is the longest and the fourth arch is the smallest;
gill lamellae are absent (Table 8). Small buds of lamellae, 2-3 in
number, appear first near the middle region of the outer side of the
first and second gill arches 15-16 hours after hatching (about 4.6 mm
larva) (Fig. 30 A). They were not marked on the third and fourth
gill arches. By about 20 hours after hatching (about 5.3 mm in total
length) 5-6 lamellae are counted, in the centre of which run blood
vessels (Fig. 30 B). Irregular small elevations are detected on the
lamellae by 6-6.5 mm in total length ; these mark the stage of the
formation of secondary gill lamellae. Soon they become prominent
and number about 2-4 on either side of the large gill lamellae on the
first arch (Fig. 30 C, D). Large lamellae are born on the cerato-bran-
chials. The outer ones are smaller in size than the inner ones. By
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10 mm larva the number of lamellae is increased to about 28-38 (Fig.
30 F; Table 8). The brannchial septum is marked runnig nearly half
the length of lamellae. In 35 mm young the number of lamellae is
increased to about 70-85 (Fig. 30 G).

Histologically, in a newly hatched larva the gill is covered with a
single layer of flattened epithelium below which are mesenchymal
tissues, in the centre of which is a mass of cartilaginous tissues of
the arch, and blood vessels are present. Mucous cells are not identi-
fied, but dividing cells are usually encountered (Fig. 13 C). Endodermal
cells with large nuclei envelop the arches and the blood vessels.

Small bud-like structures are seen at about 20 hours after hatching
on the inner sides of the arches and by 7.6 mm larva the taste buds
and mucous cells are clearly recognized in either borax carmine or
other histological preparations (Fig. 30 E ; 31 B). Primary lamellae totall-
ing 16-25 arc formed ; these in turn carry about 5-10 secondary ones.
By larva 6 mm in total length the epidermis of the arch consists of 2-3
layers of large squamous cells, 10-12 4 in thickness (Fig. 31 A). Nuclei
are rounded or slightly oval. One to nucleoli and some granules are also
present in the nucleus. The taste buds are marked on the outer and
inner border of the arch and appear to increase in height and number
with the growth of fish (Table 9). Mucous cells are markedly pre-
sent and are rounded, oval or elongated. They contain the flattened
nuclei near the bottom of the cell (Fig. 31 C). Their measurements
are given in Table 10.

Table 9. Measurements and counts per mm? of epidermal
thickness and buds of gill arches of carp. Measurements
were made from sections in sx.

T.L ! Epithelial | Number of taste | Heights of taste | Diameter of
(mm) thickness buds 1 buds taste buds
Average Average)| Average, Average

5-6 | 3.0- 50 40 0.0-0.8 0.4 15.0-? 15.0 | 10.0-15.0 125
7-10 | 3.0- 17.0 8.9 0.8- 6.3 21 12.0-32.0 228 |10.0-22.5 188
11-15 | 25.0- 32.0 29.3 3.9-10.4 8.0 27.0-42.0 329 | 15.0-22.0 215
1620 | 25.0- 52.0 39.5 | 11.1-20.0 134 35.0-42.0 408 | 17.0-25.0 22.1
21-25 | 87.0- 58.0 45.2 | 12.7-21.0 16.8 37.0-47.0 423 | 17.0-25.0 22.1

26-30 37.5-47.0 423 | 22.5-25.0 232
31-35 | 45.0- 70.0 58.3 17.0 37.5-55.0 43.3 | 22.5-25.0 234
36-40 | 45.0- 75.0 69.0 | 14.7-21.5 17.0 ; 40.0-55.0 46.9 | 22.5-27.5 2438
200 | 63.0-163.0 915 58.5-74.0 67.1 | 23.0-39.0 344

Underlying this layer is a thin basement membrane. Below this, there
is the dermis consisting of connective fibres and scattered smooth muscle
fibres. With the increase of fish length no particular change is notic-
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Table 10. Diameters of different mucous cells from gill arch
of carp. Measurements were made from sections in 4.

T. L. Rbunded mucous |  Oval mucous Elongated mucous
(mm) cells ( cells cells

6-7 2-12x3-13 7-10 < 10-15

7-11 7-12X8-13 7-10 x 10-15 5-6 X 14-20
12-18 7-16 X 8-17 1 7-13 X 13-20 : 5-7 X 18-32
19-24 same | 7-13 x 13-22 @ 5-7%x30-35
25-33 same same | same
34-39 | same 7-13 x 15-30 ' same

ed in the epidermis or dermis of the arch other than the thickness
(Table 9). Large cells with large basophilic rounded nuclei in
the empty cytoplasm are occasionally seen at the base of the sec-
ondary gill lamellae (Fig. 31 D). Melanophores are present near the
basement membrane. Leucocytes deeply stained with haematoxylin
are irregularly scattered in the middle and basal area of the epidermis,
and occasionally promucous cells are also observed (Fig. 31 F). Ab-
ductor muscles are first clearly marked in the 6-7 mm larva, between
the arch and the efferent branchial vessel (Fig. 31 B).

The primary gill lamellae have the same structures as the arch
ones. The epidermal cells of the arch become continuous with those
of the primary gill lamellae but reduced in number and size and,

hence, their thickness. The subepidermal connective tissues are also
reduced and the smooth muscle fibres are absent. The mucous cells
on the inner side of the primary gill lamellae are better developed
than those on the outer side. The taste buds of the normal type born
on the subepidermal evaginations of the lamellae are prominently
marked (Fig. 31 G, H). They measure nearly 40-60x 20-40 2 in diameter
in about 200 mm fish. In regard to their distributional pattern the
following points are to be noted. (a) They are more evidently mark-
ed on the outer hemibranchs than the inner ones. (b) They are
greater in number on the lamellae of the first arch than those on the
succeeding posterior ones. (¢) They are more abundantly distributed
on the primary gill lamellae born by the hypo-branchial and the ven-
tral ends of the cerato-branchials than other parts. (d) Their number
is greater at the regions attached to the interbranchial septum than
the unattached or free ends of the lamellae.

The secondary gill lamellae in transverse section appear to consist
of blood capillaries and pilaster or supporting cells of Biétrix (1895)
which are narrow and elongated structures with large oval nuclei
lying between them. The cells are surrounded by collagenous sub-
stances as is evidenced by Masson’s trichrome. In horizontal sections
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scraping through the surfaces of the lamellae the pilaster cells ap-
pear as amoeboid in outline (Fig. 31 1). The lamellae are enveloped
by a thin layer of flattened epithelium (Fig. 31 D).

The gills are permeated by the efferent and afferent branchial ves-
sels ; the former ones lie just outside of the gill arch and send their
branches to the gill lamellae on their outer sides, and the latter ones
lie outside of the efferent ones and send their branches into lamellae
on their inner sides (Fig. 30 J). In passing it may be pointed out
that there are four afferent branchial vessels emerging from either
side of the ventral aorta. The third and fourth branchial vessels are
joined together at the place of origin and soon bifurcate in order to
supply their respective arches (Fig. 30 K).

The gill rakers line the concave pharyngeal margins of the arches
and are arranged in a double series. On the first arch the anterior
ones are long and slender, and the posterior ones are short and nodule,
while on the second, third and fourth ones, they are short and nodule
only (Fig. 31 K-M). They are broad at the base and bluntly pointed
at the distal ends and the free ends of longer rakers on the first arch
are directed downwards. They are arranged alternate to each other
in such a manner that those of one arch fit closely against the same
of the adjacent arch to enhance the filtering mechanism and the re-
taining of small substances (Fig. 31 K). Their appearance on the
arch is doubtful in the early stages but in larva 15-16 mm long they
give a positive test to Alizarine Red and appear in sections (Figs.
30 H, 31 E). In this stage they seem to be of the same form, i. e.,
swollen at the place of attachment to the arch and bluntly tapered dis-
tally. Histologically, the rakers consist of the same constituents as the
arch (Fig. 31 J). Taste buds are born on their papillae. Stratum com-
pactum of irregular thickness is present and becomes thinner towards
the arch and the lamellae.

B. Oesophagus

The oesophagus is a short muscular tube, extending from behind
the pharynx to the intestine, and is limited posteriorly by the trans-
verse septum. It runs dorso-ventrally in an oblique direction above
the pericardial chamber and pierces the septum passing into the
enlarged part of the intestine. Its length and breadth appear to be
of approximately equal size.

Histologically, it consists of the usual layers of tunics found in
teleots, i. e, rnucosa', submucosa, muscularis mucosa, and serosa (Fig.
32 A, B). The mucosa are thrown into longitudinal ridges or folds,
first noted by larva 6.8 mm in total length (Fig. 7 K, 0). Their
number and height are tabulated below.
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Table 11. Number and height of oesophageal folds of
carp. Measurements were made from sections.

T. L. mm 1 Number of folds Height of folds

6.8 ‘ 6- 8 ' 20-63 4
8-10 f 8-10
13.1 ‘ 10-12 150-200 4
245 : 12 -1 4
39.0 " 14-19 160~200
152157 17-24 ‘
200300 24-27 1.04.7mm

The mucosal epithelium is stratified and appears to consist of flat-
tened, oval, fusiform, and a basal layer of low columnar or cuboidal
cells. A thin layer of flattened cells with compressed or flattened
nuclei lies parallel to the surface and shows evidence of having slough-
ed off occasionally. Oval or fusiform cells are prominent only at
those places where mucous cells are scarce.

The stratified epithelium in the posterior part of the oesophagus
passes into a single layer of columnar epithelium of intestinal type,
first seen in 11-12 mm larva ; thus, a mixture of two types of
epithelium is present. The tops and either sides of the folds are
covered by stratified epithelium and crypts are lined with the col-
umnar cells. The latter are long and narrow containing oval nuclei
with a single or rarely double nucleoli and prominently stained leu-
cocytes are marked (Fig. 32C).

Mucous secreting cells are abundant in distribution in the anterior
part like those of the pharynx (Fig. 32 A, B). They measure about
7-13 x 8-20 ¢ in diameter in 6.8 mm larva and 17-20 x 32-55 u in diameter
in 300 mm specimen. They decrease in size and number in the pos-
terior region, particularly where mixed epithelia are found. Taste
buds are observed but not so numerous as in the pharynx and they
decrease posteriorly. They are present on the tops of folds only and
were first marked in 6.8 mm larva. Their measurements are about
25x 20 #,30 x20 g, and 63 x25 2 in diameter in 6.8, 13.1, and 210 mm
specimens, respectively.

Basement membrane is also present and thin stratum compacturn is
marked occasionally. Submucosa consists of areolar connective tis-
sue impregnated with blood vessels and nerves and extends till the
tips of the folds below the basement membrane, and a few striated
longitudinal muscles pass into it. Circular muscles are also not rare.
Collagenous and reticular fibres are also noticed (Fig. 32 D). At the
junction of oesophagus and intestine an oval thickening of unidentified
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Fig. 32. Photomicrographs of structures of oesophagus of carp.
Transverse section through oesophagus of 10.6 mm larva.x200.
Transverse section through anterior oesophagus of 16 mm larva. X200.
Transverse section through posterior oesophagus of 152 mm carp. X200.
Longitudinal section through posterior oesophagus of 152 mm carp. X200.
Longitudinal section through oesophageo-intestinal junction of 152 mm
carp. X200.
Longitudinal section through oesophageo-intestinal junction of 152 mm
carp. X20.

Bm. basement membrane; Cm. circular muscles; Es. oesophagus; le.
intestinal epithelium ; In. intestine ; Lm. longitudinal muscles ; Ms. mu
cous cels ; Ot. oesophageal thickening ; Sm. submucosa ; Sr. serosa ; Th.
taste bud.
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character is observed in the submucosa and measures about 1x2 mm
in diameter in 210 mm specimen (Fig. 32 E, F). Circular and longitu-
dinal muscles constitute the muscularis mucosa, and though irregular
in thickness, the former forms a major thickness mainly in the pos-
terior region. The serosa is a thin layer of connective tissue con-
taining flattened nuclei. The pneumatic duct is narrow and increases
in calibre gradually with the size of fish. It is strengthened by thick
coats of circular and radial muscles from outside and, internally-, it
is lined by the same type of mucosal epithelium as the oesophagus,
but taste buds and mucous cells are absent.

C. Intestine

Intestinal folds Intestinal folds are ridges of mucous membrane
and help to increase the absorptive area of the digestive tract for
food. They are the continuations of the oesophageal ones and their
appearance was noticed almost simultaneously in about 6.0 mm larva.
They run almost longitudinally throughout the whole tract of the
intestine and their number is variable acording to the size of the fish
(Table 12). Their height is greater in the first part of the intestine
than the anal one.

Table 12. Number of the intestinal folds of carp.
Counts were made from transverse sections.

First part of | Posterior part of

T. L. (mm) intestine l intestine
6.0 8-10 [ 6- 7
6.3 10-13 l 6- 8
7.7 10-13 6- 8
9.0 12-15 6- 8
131 15-18 10-14
“O-24 25-30
39 ca 30 10-14
300 network 24-26

By ¢ mm larva the longitudinal folds, high or low, become curved
to an angle on their way to the posterior region (Fig. 33 A). They
converge at the anus where their arrangement is always longitudinal
(Fig. 33 E, F). By larva 20-24 mm in total length the number of the folds
is increased to about 25-30 in the enlarged part of the intestine and
are joined to each other by lateral or side branches (Fig. 33 B). By
24-26 mm specimens the number of the lateral branches joining the
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Fig. 33. Oesophageo-intestinal folds of carp.

Oesophageo-intestinal folds of 9 mm larva.
Oesophageo-intestinal folds of 20 mm juvenile.

Intestinal folds of 31-34 mm carp.

Intestinal folds of 26 mm young.

Anal folds of 15 mm larva.

. Anal folds of 25 mm young.

ALW. intestinal wall; ANF. anal fold; ESF. oesophageal fold;
INF. intestinal fold.

moow)

Tn
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adjacent longitudinal folds has considerably incre ased so as to pro-
duce a network appearance ; such networks are closer in the first part
of intestine than the middle or posterior one (Fig. 33 D). Some spec-
imens of 31-35 mm in total length possess zigzag mucosal folds or
plicae running in antero-posterior direction and are joined together
by lateral branches which also cause network structure (Fig. 33 C).
By 60-80 mm specimens a network of folds of considerable height
(I-1.5 mm) are observed. Two sets of nets, one on the inner side and
another on the outer side are clearly visibleunde r a binocular at young
about 200 mm in total length ; these are denser in the enlarged part
of the intestine (Fig. 37 N).

Intestinal coiling The anterior part of the intestine following the
oesophagus is an elongated sac-like structure and has a gradual dimi-
nution in diameter posteriorly. The intestine runs straight caudally
near the posterior end of the body cavity, from where it sharply turns
forward dorso-sinistrally till about the middle part of it, and then
runs ventrally reaching near behind the ocsophagus. Again it takes an
upward and sinistral course, backs again forming a downward loop
with the right limb dorsoventrally convexed and ends with the anus
(Fig. 34,4). The chole dochal duct unites with the pancreatic duct
and then immediately opens into the intestinal swelling directly at
the ventro-lateral side.

While tracing the development of the intestine at the embryonic
stage it was found to be nearly straight and appears to be of the
same shape and structure also after hatching. This stage has been
regarded as the basis of further development of the coiling. The air
bladder seems to a certain extent to be related to the coiling process
by virtue of its position on the dorsal side of the digestive system.
However, for easy and convenient understanding the developing pro-
cess is divided into the following seven stages (Table 13).

Stage I. (Fig. 34 1). The earliest stage of the developing intestine
is a more or less straight tube running over the yolk sac. The part
behind the oesophagus and the part before the anal opening may be
regarded as the anterior and posterior regions, respectively, and the
part between these two should be considered as the middle one for
further reference, as there is no demarcation line to differentiate them
morphologically.

Stage Il (Fig. 34 Il). By 6 mm larva the development of the air blad-
der and the enlargement of the liver on both sides of the intestine
push or thrust down the anterior end of the intestine, and thus a
slight bend is formed and subsequent enlargement of this part is easily
observed. The downward bend is continued along with growth in
the size of the air bladder and the larva.
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Table 13. Stage, type of intestinal coiling, and total length of carp.

TOTAL LENGTH (mm)
OF CARP

STAGE TYPE OF CO LING FI GURE NUMBER
1 _— 34-1 Newl y hat ched.
1 T 34-11 5-9

(4
1 \Sb\ ‘ 34111 10-12
c
1v N ™~ 34-1V 12-16

a - -
y g‘%\ 34-v 17-26
<

D 34- VI 25.28
V1 & b

Vi1 34-VI 1 28-30

Stage Il (Fig. 34 Ill). This stage is reached at the post-larval
period, the total length being 11-12 mm, and the development of the
anterior chamber of the bladder is observed clearly. The downward
U-shaped pushing is accompanied with raising or lifting up of the
right arm as in the figure, and subsequently conspicuous enlargement
of the anterior end of of the canal ‘a-b’ is marked (Fig. 34 I111).

Stage IV (Fig. 34 1V). The bend at ‘c’ proceeds anteriorly above
the enlarged part of intestine and below the air bladder in horizontal
plane. The part ‘b-c’ either lies dorso-sinistral to the first part ‘a-b’
or simply above it, and the second arm of the bend overlies these
two. Sometimes an upward bend at ‘b’ is marked. Three arms are
distinguished in which the first and the last ones are longer than the
middle one, ‘b-c'.

Stage V (Fig. 34 V). The growth carries the bend ‘c’ more forward
than before and it passes ventro-dextrally to the enlarged part of the
intestine. An extra bend is clearly formed at ‘b’ which passes on the
right side, and after making a turn comes to the left side, runs again
forward dorso-ventrally till near the anterior portion of ‘a-b’ or near
the hind end of the gall bladder, and at length passes to the anal end
dorso-ventrally.

Stage VI (Fig. 34 VI). Growth of the intestine continues and the
first part of it passes caudo-dextrally and bends at ‘b’ and ‘¢’ as in
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Fig. 34. Sketches of development of intestinal coiling of carp.
I. Intestine of 4.5 mm in total length ; Il. 7.3 mm ; I1l. 11.5 mm;
IV. 129 mm ; V. 24 mm ; VI. 27 mm ; VII. 29 mm ; 1. 49 mm ; 2.
127 mm; 3. 231 mm ; 4. 183 mm.
L, R, V and Z represent left, right, ventral aspects and type of
coiling, respectively.
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the previous case, but differing from that by the development of a
bend at ‘d’ anterior to ‘b’ and an almost similar but shallower one at
‘e’ postero-dopsal to ‘c’. The loop of ‘d’ is normally dorsal and dextral
to the first part of intestine while the same of ‘e’ lies only dorsal to
the anterior end. The deeper loop of ‘d’ may be due to the freedom
from pressure by the air bladder and from the increasing volume of
liver at the posterior end.

Stage VII (Fig. 34 VII). The loop of ‘¢’ is surprisingly raised
dorsal to the intestine, deepening the loop of ‘e’ The same of ‘d’is
considerably deepened. In other words the loops of ‘d’ and ‘e’ become
more prominent than the former stage and are directed dorso-ventrally
and ventro-dorsally, respectively. The part of the intestine of ‘d’ pas-
ses antero-sinistrally along the ventral side of ‘a-b’ and the same of
‘e’ runs sinistro-posteriorly along the dorsal side of ‘a-b’. Thus three
siphonal loops are establised at this stage which is the normal loop
structure of the carp, which by this time has reached nearly 28-30
mm in total length (Table 13).

Further development results in the deepening of the loop at ‘d’ and
‘e’ and an increase in length of the intestine. The intestinal arms are
all cemented together by the hepato-pancreatic mass which forms
a shallow concavity above into which the air bladder is fitted. The
position of the enlarged part of the intestine appears to be variable,
sometimes dorso-dextral and sometimes ventro-sinistral depending
perhaps on the growth of the liver and swim bladder with respect
to the space in the body cavity.

Extra bends or loops are also formed at ‘b’ and ‘c’ to keep pace
with the increasing length of intestine. In the larger specimens the
coils become complicated, but maintain the typical pattern of coiling,
differing only in the process of formation of the bends (Fig. 34,1~4).
Such complexity seems to be the outcome of rapid intestinal giowth.
Occasionally the bend of ‘c’ passes ventral to ‘a-b’ near the gall blad-
der, twists on itself and then runs dorso-posteriorly towards ‘e’ (Fig.
34, 3).

Besides the regular forms described above, irregular forms are also
met with and eleven figures of abnormal winding arc illustrated (Fig. 35
A-K). They seem to occur only after the normal stage of VI or VII
is reached by 26-30 mm in total length. In almost all the forms the
intestine, instead of reaching straight to the posterior end of the
coelom, either winds or turns in the middle and forms complicated
coiling. In case it reaches the hind part of coelom, further develop-
ment of winding is in a haphazard manner.

The diameter of the canal varies slightly in different regions, and
appears to be dependent upon the degree of distension by food sub-
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Fig. 35. Sketches of irregular intestinal coiling of carp.
A. Intestine of 29 mm carp; B. 30mm; C. 41lmm; D. 39mm; E. 45mm;

F. 127 mm ; G. 123 mm ; H. 72 mm ; |. 100 mm; J. 200 mm ; K. 163 mm.
L. R, V and Z represent left lateral, right lateral, ventral aspects and
type of coiling, respectively: gb. gall bladder.
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stances. The relative length of the gut (i. e., the ratio of intestinal
length to standard length) appears to be nearly 1.5-2.5 in 30-40 mm
in total length, after which the value becomes constant in 50-60 larv
mm in total length (Fig. 36).

Intestinal lining  Histologically, the intestine consists of mucosa,
submucosa, muscularis, and serosa. The mucosa is thrown into folds
as described before, and a few of them form connecting links which
in cross section appear either circular, oval, elliptical, or elongated

Fig. 37. Photomicrographs of the structures of intestine.

A. Transverse section through the middle intestine of 6 mm larva. X200.

B. Transverse section through first part of intestine of 7.7 mm larva. X200.

C. Transverse section through first part of intestine of 13.6 mm larva. X50.

D. Transverse section through middle part of intestine of 23 mm juvenile. X200.

E. Section of the distal part of mucosal fold of 78 mm carp. X1000.

F. Transverse section of the crypt through first part of intestine of 300 mm carp.
x200.

G. Pear-shaped cell, enlarged. X1000.

H. Transverse section through posterior region of intestine of 82 mm carp. X200.
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(Fig. 37, continued)

l. Section through crypt of first part of intestine of 82 mm carp. X1000.

J. Transverse section through first part of intestine of 210 mm carp. X100.

K. Transverse section through third limb of intestine of 82 mm carp. X200.

L. Transverse section through the anal region of intestine of 320 mm carp. X200.
M and 0. Section through wall of gall bladder. X490, X200.

N. Folds of first part of intestine of 250 mm carp.

AT. adipose tissue; BV. blood vessel; cf. connective tissue fibre; Cf. connecting
folds ; Cl. columnar cells ; cm. cell membrane; CR. circular muscle; Cpt. Crypt;
DH. daphnia; GC. large secretory cell; Gt. intestine: Lc. Leucocyte; LS. large
unidentified cell ; LV. liver ; Ms. mucous cells ; MU. mucosa ; N. nucleus ; OUF. ou-
ter fold of intestine; INF. inner fold on intestine: Pn. pancreas. PZ. pear-shaped
cell; Sm. submucosa ; SR. serosa ; Tp. top plate ; GR. granular cell.



and of different sizes with a cavity lined by a layer of columnar
cells (Fig. 37 D).

The epithelium forming the mucosa consists of columnar cells wider
at the top than the base. The nuclei are oval, measuring nearly 6x2
x in diameter and lying below the centre of the cell with deeply
stained I-2 nucleoli. The height of the cells varies being greatest
in the anterior part and least in the posterior one (Table 14). The
cells at the bottom of the crypt become narrower and more crowded
and their nuclei smaller than ones at the sides and tops of the folds
(Fig. 37 F). The cell membrane at the bottom of the crypts are
not prominent but they are easily marked at the sides and tops of
the folds (Fig. 37E). The cells are covered by a thin border called
‘top plate’ (canal layer, striated border) which is revealed more
prominently by a triple stain than by a simple double stain. The outer
and inner layers are exposed by taking up the light greenish colour-
ation of Masson’s trichrome thus suggesting its collagenous nature
(Fig. 37 G). It is of irregular thickness and elastic thus helping in
the stress and strain due to food substances.

Lying among the cells are goblet cells and they reach almost the
same size as the epithelial cells. The distal part is swollen and the
nucleus is pushed towards the basal end. They are more commonly
available at the sides and the crypts than the tops, and appear to in-
crease in size and number posteriorly. In the anal part they form
stratification, the heavy discharge of which seems to help in facilitat-
ing the defecation. In low and shallow crypts they assume elongated
form rather than goblet one (Fig. 37 H, K, L) and measure about 20
x6 z in diameter in 210 mm specimen. They appear to have permanent
stoma, narrowed or widened, according to presence or absence of
mucus. Fine secretory granules are stained brown by Humason and
Lausbaugh stain.

Other cellular structures which are observed without an order in
the neighbourhood of epithelial cells include leucocytes or lymphocytes,
granular cells, pear-shaped cells (Plehnscezellen), and certain un-
identified cells. Leucocytes are darkly stained rounded structures
with scanty cytoplasm, common either at the base or middle region
of the epithelium and occasionally migrating within a short distance
of free border (Fig. 37 E, F, H). They were counted to be 8-12 in a
section of the fold from the anterior end of the intestine. Large
granular cells with many coarse granules (basophilic) are found among
the epithelial cells (Fig. 37 1). Large cells of unidentified character,
rounded or nearly oval occur among the proximal ends of the cells
close to the basement membrane (Fig. 37 F). Such cells with two
nuclei are occasionally marked from the posterior end of the intestine



Table 14. Measurements and counts of height (H. Cl) and number (N.CI) and their average (Av) of columnar
cells from first, middle, and posterior part of intestine.

Measurements were made from sections in x.

T. L.

(mm)

3.6
3.9
4.2
4.4
5.4
5.8
6.1
6.6
7.0
7.7
8.0
13.6
16.0
31.0
39.0
73.0
152.0
210.0

First part of intestine

[

H.Cl | Av ‘}
14-18 | 160 |
17-20 | 185 |
1527 | 24.7
22-27 | 188 |
17-22 | 18.8 |
20-25 | 22.4
15.0 |
17-25 | 19.0 |
27-30 | 282 |
17-24 | 22.2
27-32 | 29.6
27-45 | 36.0 |
30-47 | 38.0 |
2547 | 38.8
37-50 | 43.0 |
5560 | 56.0
60-65 | 61.6
67-85 | 77.4

Middle part of intestine

N. Cl. Av H. Cl | Av
15- 17 15.5
24- 30 26.8
28- 60 353 17-20 | 12.3
29- 31 26.6 13- 13.0
27- 40 322 10-13 115
49~ 80 63.4 | 18-22 205
100.0 | 20-25 | 224
113- 124 119.8 | 15-27 | 21.8
111- 128 119.0 | 20-22 | 21.2
100~ 180 149.0 | 22-27 | 23.8
120~ 180 163.0
2340-3000 2760.8 | 27-35 | 30.8
1260-1400 1311.8 | 25-35 | 284
3000-4200 3682.0 | 22-32 | 27.6
3200-4000 3570.0 | 32-40 | 37.2
32-60 ' 49.8
37-60 \ 49.4
63-85 71.0

N. CI

23- 26
20~ 24
18- 27
36- 54
59- 130
95- 130
40- 70
120- 180

580~ 800
624~ 840
1880-3100
1000-2600

Posterior part of intestine

Av H. Cl | Av

10-15 | 12.0

13-25 | 18.0

25.0 | 22-25 | 23.0
225

238 | 1314 | 135

42.0 | 20-24 | 23.0

100.0 | 20-22 | 21.4

! 1138 | 13-17 | 156

| 542 | 2225 | 244

| 157.2 | 1624 | 1638

| 666.0 | 15-27 | 21.8

722.0 | 17-20 | 238
2391.0

2000.0 ' 30-50 | 41.4

3550 | 43.2

37-65 | 56.0

4563 | 54.0

N. CI

10- 15
21- 25
30- 34

17- 26
43- 65
55- 68
100- 130
45- 60
42- 80

300- 400
540~ 700

1000-1200

11.8

23.0
30.0

21.8
51.2
62.8
1125
49.4
61.0

360.7
608.8

1106.0

8LY
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and are negative to both PAS and Alcian blue (Fig. 37 H). Pear-shap-
ed cells are opening into the cavity and their number is 2-8 in a
transverse section of a fold. They measure about 15-20x6-7 u in
diameter and are more prominently marked from the middle part
of the intestine than other regions (Fig. 37 G). Their nuclei are
slightly flattened containing chromatin granules and are basal in posi-
tion. They do not respond to a mucous test and their function is
unknown. Basement membrane is prominently present and the flat-
tened nuclei are marked along the basal surface of the columnar
cells (Fig. 37 F). The stratum compacturn seems to be absent or very
thin and not easily differentiated from the membrane.

The submucosa is a layer of connective tissue in which the fibres
of collagenous nature are distributed (Fig. 37 J). It is more extensive
with coarser fibres at the anal regions than other parts of the intes-
tine. It is surrounded by a thick layer of circular muscles outside
of which is a thin layer of longitudinal muscles, the former one ap-
pearing about 2-4 times thicker than the latter one and is consider-
ably decreased in the anal region. However, the muscularis is thicker
in the anterior region than other parts of the intestine. The serosa
consists of a thin layer of flattened cells of nearly equal thickness.
Vascular tissues richly permeate it, cross the muscular area, enter
the submucosa and reach the tipe of the folds (Fig. 37 E). The sub-
serosa is not marked.

The gall bladder is a sac-like structure with a narrow neck con-
nected to the right ventro-lateral side of the enlarged part of intes-
tine behind the oesophagus. Histologically, it has the same type of
layers of cells as the intestine. The mucosa is thrown into a few
folds with broad and rounded tops and consists of tall and narrow
columnar cells interposed between which are goblet cells of intestinal
nature.

VIIl. Relative growth

It is an accepted fact that an organ showing differential growth
with respect to the length of the body maintains a constant differen-
tial growth rate over a considerable period of time. In other words,
if ‘X’ represents the size of the body of an animal and ‘Y’ of an organ
or tissue, then ‘Y’ increases as a constant power of ‘X', i. e., X®? so
that they may be connected by an equation Y=AX" where ‘A’ is an-
other constant (the value of “Y” when ‘X’ is unity). If plotted logarith-
mically it becomes Log Y=b Log X+Log A, which is the equation
to a straight line in the study of relative growth. The growth of
an organ or a part of it is either faster or slower than or is nearly
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inflection points (marked by vertical lines) of organs of carp.
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identical with that of the body size. To denote the same with dif-
ferent rates from that of the body, different terms have been used
by vairous authors. In this report the terms used by Huxley and
Teissier (1936) are followed. When growth coefficient or growth
ratio is greater or less or at exactly 1, the organ in question is
growing faster or slower or exactly at the same rate as body size,
indicating thereby ‘ positive allometry ’or ‘ negative allometry ’or
‘ isometry ’, respectively.

However, the length, diameter, and thickness of parts or organs
(head, snout, eye, mouth, barbel, opercular opening, pectoral fin, snout-
insertion to the dorsal and anal fin, gill arch, gill lamellag, pharynge-
al arch, intestine, columnar cells of intestine, taste buds, head skin,
body width, and body height) are plotted along Y-axis against body
size along X-axis on the logarithmic paper with an aim of establishing
diagonistic morphometric characters at different stages in the life of
the carp. Significant changes are noticed to occur in the body parts
as marked at intersection or inflection points on the growth curve.
Figures 38 and 40 show relative growth equations, coefficient of cor-
relations (r), and inflection points of each organ.

Length of snout (Figs. 38, 39 A). Two apparent growth ratios in
the growth of snout length of the carp from the time of hatching to
325 mm in standard length are observed with an inflection point at 24
mm. Till this length the growth is positive allometry (relative
growth coefficient is 1.569), after which it becomes nearly constant
showing isometry (1.021).

Length of head (Figs. 38, 39 B). In the case of the growth of head
length an inflection point is marked at 21 mm. The first growth
period shows positive allometry (1.274) and the second one nearly iso-
metry (0.884).

Eye diameter (Figs. 38, 39 C). The eye diameter shows one in-
flection point on the growth curve at 20 mm. Before this length the
relative growth co-efficient is 1.290, a case of positive allometry, and
after this it sinks down to 0.618, a case of conspicuous negative
allometry. This is a remarkable reduction by half of that formerly
observed.

Gape of mouth (Figs. 38, 39 D). An inflection point at 17 mm divides
the growth rate of the gape of mouth into two periods, the first one
showing positive allometry (1.632) and the second one showing nega-
tive allometry (0.821).

Operculer opening (Figs. 38, 39 E). The opercular opening shows
two growth phases demarcated by an inflection point at 20 mm ;the
first growth phase ending at this length shows positive allometry
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(1.671) while the second one following this exhibits negative allometry
(0.843). Lo

Depth of body (Figs. 38, 39 F). The depth of body gets the growth
ratio ‘changed at 22 mm before which length a positive allometry
(1.514), and after which a definite isometry (0.945) is evident.

Height of caudal peduncle (Figs. 38, 39 G). One inflection point is ob-
served on the growth curve marking the value of 1.229 in the first
period before 20.5 mm, and the same of 0.984 in the second period
after this length. A shift from positive allometry to isometry in-
dicates that its growth rate is constant after 20.5 mm.

Length from snout to insertion of dorsal jin (Figs. 38, 39 H). Here ‘again
an inflection point is observed at 24 mm and the regression. coefficient
reads as 1.777 showing an apparent positive allometry from the time
of hatching to 24 mm after which it decreases to 0.944 showing
isometry.

Length of pectoral fin (Figs. 38, 39 1). The pectoral fins are develop-
ed in the embryonic stage as stated before. In the early post-em-
bryonic stage the growth rate of the pectoral fin does not seem to be
regular, but soon it shows a regular growth marking a positive al-
lometry (1.698) till 21 mm and after this length assuming nearly
isometry (1.021).

Length of intestine (Figs. 38, 39 J). Two inflection points are prominent
on the growth curve of the intestinal length against the standard length
of carp when they reach 9.5 mm and 22.5 mm, respectively. Until
the fish is 9.5 mm the growth coefficient is 0.642 showing negative al-
lometry, but when they get longer than this the same is increased to
2.220 showing definite positive allometry three times greater than the
former till 22.5 mm ; after this length the growth coefficient falls
down but remains within the range of positive allometry (1.167). The
tendency of positive allometry in the young-adult stage indicates the
increasing length of intestine throughout the life of the carp.

Length of pharyngeal arch (Figs. 38, 39 K). The measurements include
the fish after the satisfactory penetration by Alizarine Red of an
approximate 8.5 mm larva. Two different phases of growth are
separated at an inflection point of 24 mm. Till this stage the coef-
ficient of relative growth is 1.195, a case of positive allometry; which
afterwards nears isometry (0.886) until 190 mm in standard length is
reached.

Length of first gill arch (Figs. 38, 39 L). An inflection point is ap-
parent when the fish reach 10 mm in total length. The growth co-
efficient is 1.791, a positive allometry but the same is changed after
this length to 0.933, which is nearly an isometry.



486

Length of gill lamellae (Figs. 38, 39 M). Two phases of growth rate
are marked in the length of large gill lamellae on the first gill arch,
one from the stage of formation of gill lamellae to 10.6 mm, where
positive allometry is observed (2.437), and the second stage following
this in which the value decreases but still remains within the limit
of positive allometry (1.077).

Number of gill filaments (Figs. 38, 39 N). The growth rate of the
number of gill filaments on the first gill arch also indicates an in-
flection point at 9.5 mm. Before the attainment of this length it
shows a high coefficient value of 3.550, a positive allometry, which
suddenly falls to 0.543, an apparent negative allometry, marking no
remarkable increase in the filament number of the adult condition.

Width of body, length from snout to insertion of anal fin, and length of
barbels (Figs. 38, 39 0, P, Q). Width of body appears to increase with
fish length showing an apparent isometry (1.035) ; the same condition
is also noticed in the growth rate of length from snout to insertion
of anal fin showing isometry (0.999) and no inflection point is observed
on the growth curve (Fig. 39 P). The maxillary and mandible barbels
increase with almost same rate showing positive allometry, the
values of relative growth coefficients being 1.612 and 1.581, respectively.
The regression lines appear running almost parallel to one another
(Fig. 39 Q).

Body weight (Figs. 38, 39 R). Body weight against standard length

TOTAL LENGTH (mm) 5 10 50 100
Thickness of headskin r=1.016 , r=0.821 l'r'=o.684'
(dorsal side) Y=1.468%-0.065 1 1V=0. 126x+1.689
Average height of columnar Y=0(-839X*0-562 r=0.946 3
(i:r?lltlesstfirnoem first part of Y=0 200X+12
Average height of taste £=0.858 | r=0.859 .

buds from roof of buccal y=1,242X+0.314 Y=0,170X+1.381

cavity . £=0.673 | r=0.858
Average height of taste [ I !
buds roof of pharynx Y=0.99X+0.5571 Y=0. 183X+1.3 98
. r=0.828 r=L.011
Average height of taste — —
buds from first gill arch 1 Y=0.259X+1.259

Y=1.429X+0.104

Fig. 40. Relative growth equations, coefficient of correlations (r), and
inflection points of the relative growth of head skin thickness, in-
testinal columnar cells, and taste buds of carp. Vertical lines in-
dicate the inflection points. Measurements were made from sec-
tions.
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Fig. 41. Relation of tissues to total length of carp.
A. Epidermal thickness of snout skin ; B. Height of intestinal columnar
cells; C. Height of taste buds (doted line, from buccal cavity; solid
line, from pharyngeal cavity) ; D. Height of taste buds from gill arch.

is shown by a single growth line, the value being 3.046.

Epidermal thickness of head skin (Figs. 40, 41 A). Two inflection points
are noticed at larvae 12 and 36 mm in total length, respectively. The
regression coefficient till 12 mm is 1.468 (positive allometry) and after
this length the value is reduced to 0.839 (negative allometry). A further
reduction becomes apparent in the relative growth coefficient after
36 mm in total length showing strong negative allometry (0.126). The
epidermal thickness of the snout skin between the upper lip and the
nasal flap does not seem to increase considerably.

Height of columnar cells of intestine (Figs. 40, 41 B). The height of the
columnar cells from the first part of intestine appears to be irregularly
increasing in the early stages but becomes constant only after 12 mm
in total length showing negative allometry (0.290).

Height of taste buds from buccal cavity, pharyngeal cavity, and first gill
arch (Figs. 40 ; 41 C, D). An inflection point is marked in the growth
of the height of taste buds either from the roof of the buccal
cavity or the pharyngeal cavity showing relative growth coefficients
of 1.242 and 0.99 in 9.8 mm and 10.6 mm larvae, respectively, and
after these lengths they become constant showing negative al-
lometry (0.170 and 0.183). However, the height of the buds of pharynx
remains slightly greater than that of those of the buccal cavity (Fig.
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41 C), but in the first phase of growth they appear to be almost
similar. On the other hand the height of buds from the gill arches
changes at 8.6 mm with a value of 1.429 (positive allometry) and after
this length it becomes constant showing a value of 0.259 (negative
allometry).

From the study of the growth of organs and tissues related to
length, it has been found that they usually show different growth co-
efficient values during the growth of carp. An inflection point is
marked at an average standard length of 21.4 mm (17-24 mm) in the
case of snout, head, eye, mouth, opercular opening, body depth, caudal
peduncle, snout-insertion of dorsal fin, and pharyngeal arch. Another
inflection point is noted at an average standard length of 10.3 mm
(9.5-10.6 mm) in the case of gill arch, length and a number of lamellae.
The height of the taste buds of the buccal cavity, phayngeal cavity,
and gill arch show similar inflection points at an average total length
of 9.8 mm (8.5-10.6 mm). The length of the intestine and the thick-
ness of the head skin show two inflection points, the former one at
9.5 mm and 22.5 mm in standard length, and the latter one at 11 mm
and 36 mm in total length, respectively._ All the organs and tissues
except the intestine in their first phase of growth show positive al-
lometry and in the second phase isometry or negative allometry (Figs.
38, 40). By 20-25 mm the protrusibility of the mouth is quite prom-
inent (Fig. 21 E), which might affect the growth of the snout and
hence, an, inflection point is marked at 24 mm with isometry. The
mouth, opercular opening, and head length show a fall in the growth
rate at 17-21 mm in standard length. Slow rate in the eye diameter
is marked at 20 mm in standard length ; mandibular and maxillary
barbels are visible at 18.5 and 22 mm in total length, respectively,
with their taste buds being first observed at 22 mm in total length.
These may be related to the change of feeding habits of the carp at
this stage.

IX. Discussions and conclusions

A characteristic feature of the spawning ground for carp is the
presence of bushes or vegetations, and the same in the spawning pond
was successfully simulated by long hyzex ribbons. The shallowness
was maintained by keeping the water level at nearly 65 cm. This
suggests that anything like grasses or weeds, dense or scattered is
essential for stimulating the spawning activities and attachment of
spawned eggs. Different investigators have marked different optimal
temperatures (i. e., 18-26°C) for spawning of the carp and as per our
observation of the same in confined water the optimal temperature is
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noticed to be 22-24°C. Swee and McCrimmon (1966) stated that the
spawning of the carp ceased at 28°C, whereas we found that the spawn-
ing started at 28°C (Table 1).

The first sign of the formation of epidermal stratum (i. e., the fore
runner of the ectoderm) in the carp is marked before morula stage
when the blastodisc is 3-4 cells deep through the centre (Fig. 5 E) but
Edward (1929) did not mark it before the blastula. The appearance of
the oral valve or maxillary valve in the embryonic stage of the carp
is interesting (Fig. 5 U). This structure, from the bottom-feeding fishes,
has been described by many researchers, but its stage of development
has not been pointed out before.

In a hatching embryo we see that all the necessary structures are
developed to such an extent as to produce a self-supporting, highly
organized and well-coordinated individual organism ; and major changes
which occur after hatching involve further differentiation of tissues,
growth of organs and change of proportion of parts, etc.

Certain differences in the stages of appearances or formations and
differentiations of tissues and organs, i. e., pancreatic tissues, gall
bladder, spleen, etc., have been marked from the previous workers
which may safely be correlated with environmental factors and races
of carp in different locations.

Alikunhi (1953) found that the Indian carp fry fed avidly on zoo-
plankton one hour after hatching ; Klust (1939) and Swee and McCrimmon
(1966) stated that the carp sac-fry had ingested both zoo- and phyto-
plankton. The present evidences on the nature and time of food tak-
ing are consonant with the latter ones but differ from the former
one, as the sac-fry were found to take algae in our experimental ponds
24-32 hours after hatching and not one hour after hatching.

In the study of relative growth it has been found that gill arch length
and number of gill lamellae appear to be related to each other as in-
flection points on the growth curve are indicated (Figs. 38, 39 L-N)
and seem to be affected by the developmental stages of the carp. By
9.5-10.6 mm in total length the larvae pass into the post-larval stage.
It is interesting to note that the inflection point of the height of
taste buds on the gill arches at nearly the same stage (Figs. 40, 41 D).
Though the number of the lamellae at first show apparent positive
allometry, it suddenly sinks to negative allometry after 9.5 mm (Figs.
38, 39N).

Two inflection points at 9.5 and 22.5 mm on the intestinal growth
curve (Figs. 38, 39 J) mark the stages when the right arm of the in-
testine rises above as a beginning for loop formation and the establish-
ment of the three double loops, respectively (Table 13). By 9-10
mm in standard length all the fins have been evidenced. Bifurcation
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of the caudal fin is also marked. The three phases of the intestinal
growth correspond with the larval, post-larval (juvenile), and young-
adult stages, respectively. Further, the first inflection point marks the
time when the carp is strongly carnivorous and the second one in-
dicates tke omnivorous one. The thickness of the head skin showing
inflection po.. ts at 11 mm and 36 mm in total length (Figs. 40, 41 A)
appears to be affected by the integumental changes. Club cells were
first marked at 11-12 mm in total length between the upper lip and
the nasal cavity and the cytoplasmic extensions on the head skin dis-
appear by this time. The scaling which began at 17-18 mm becomes
completed by 24-30 mm, which nearly coincides with the second in-
flection point. The height of taste buds as mentioned before show
inflection points at 8.6-10.6 mm (Figs. 40, 41 C, D), which roughly agree
with the period of rapid growth and differentiation of tissues and
organs. The hepato-pancreas takes the young form by 10.6 mm (Fig.
13 N, P). The spleen becomes to be surrounded by the hepato-pancreatic
mass by 11-12 mm.

The taste buds appear first on the head skin at about 18 mm in total
length and this is the stage when microscopic buds of the mandibular
barbels are noticed; other parts were not investigated. There are
large or giant cells with 3-16 nuclei distributed among the ordinary
club cells (Fig. 16 E) and their function is unknown. No report is
available on such giant cells from the head skin. A row of elongated
cells below the basement membrane separated by collagenous fibres
is marked and such arrangement of cells was not reported before from
the sikn of the teleost (Fig. 16 F. G). Large secretory cells distrib-
uted along the ventral and ventro-lateral sides of the head are signifi-
cant as they seem to help in fixation to the substratum (Figs. 5X,
16 A, B). Such cells have not been recorded before so far as our
knowledge is concerned. They may be correlated with the cement
gland (Nikolsky, 1962).

Miyadi et al (1963) marked the maxillary and mandibular barbels
at 22 and 25 mm in total length but did not mention the time of
occurrence of gustatory organs on them. In the present investigation
the mandibular barbels first appeared as microscopic bud-like protuber-
ances at 18.5 mm (Fig. 18 A) and the maxillary ones at 22 mm in total
length, and the taste buds were first marked on the mandibular bar-
bels at this time. Three types of apices of taste buds from the bar-
bels of the carp, i. e., protruded, truncated, and depressed ones, have
been observed, the former two agree with the findings of Hirata
(1966). It is interesting to point out that the same three types
of apices of the taste buds are also recorded from the nasal flaps.
Thus the nasal flaps may be called distant receptors and they appear
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to play at least a small part in search of food even though it may
not be the reaction of seizing them. Further, this fish carries taste
organs on the caudal fins, opercle and even the conjunctiva of the
eye (Fig. 20C) which may he attributed to its wide adaptability to
various environment.

The changes in the mouth aperture have been marked from the de-
velopmental stand point (Fig. 21) and may be accounted for depending
upon their change of food habits; thus it becomes necessary to take
special care in supplying the rearing pond with necessary food at dif-
ferent stages. The manner of arrangement of the folds or ridges with
papillae, the concavity of the roof, and elevation or convexity of the
floor of the buccal cavity give a clear idea of there fitting into one
another during the feeding process. It may be mentioned that the
epithelia of the lips are studded with dense taste organs (Table 6),
which aim at searching and selecting the food materials, but there
are no mucous cells, whose function is lubrication which is only re-
quired after the food is in the mouth and swallowing has commenced.
Further, it will not be out of place to point out that the presence of
well developed papillae on the bucco-pharyngeal linings (Fig. 23) and
the low ridges on the lips (Fig. 22) appear to be an adaptation to the
bottom feeding habits.

It has been recognized that pointed and recurved teeth are the char-
acteristics of the carnivores and flattened crowns with grooves are
the adaptations for the herbivores. The appearance of the first flatten-
ing of the crown is slightly marked at about 17.3 mm (Fig. 24E) and
with its gradual increase, the formation of grooves or furrows is
evidently seen in about 28 mm carp (Fig. 24 F). Thus a gradual adap-
tation of teeth from the carnivorous to the omnivorous (or rather
herbivorous) type of feeding is seen. In the graph (Figs. 38, 39K)
the change of the growth rate in the length of the pharyngeal arch
occurs at 24 mm in standard length, and this is more or less the stage
at which (i.e., 28 mm in total length), according to the present obser-
vation, A, or the last tooth of the first row becomes degenerate and
small grooves are formed apparently on A A, and B (second row).
In the larval and early young stages the number of teeth on either
arch is not the same ; it varies between 7-8, thereby indicating a bilat-
eral asymmetry. The number of teeth in the advanced stage is always
fixed to be 3 : 1: 1 or occasionally 3 :2: 1. However, Al-Hussaini (1949)
stated that ths teeth in the mirror carp are 2 :1: 1 and their rows
are not sharply defined as in the common carp (3 :1: 1).

The horny pad is palpated as a soft structure by 13.1 mm in total
length and as apparent hardness by 27-30 mm indicating its thickness,
which may be correlated with its herbivorous nature. An interesting
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fact revealed in this study is the finding of taste buds in the horny
pad which hitherto have not been reported from the teleosts. Thus
the pad may be considered not only masticatory but to a certain ex-
tent gustatory, too.

In ascertaining the concluding remarks obtained on the various
aspects of life history, it can be safely stated that the carp is highly
prolific and it can be induced to spawn naturally in a rearing pond.
Rate of fertility is fairly high. Gill slits, liver, anlage of the air
bladder and pectoral fins are formed in the embryonic stage. The gut
is functional, the blood vessels are well spread as a device in a less
favourable condition and the large secretory cells are formed for at-
tachment to an object in a newly hatched larva. The yolk is absorbed
by 8 mm and the larva pass es a free life. In the larval stage all the
fins are formed, which is needed for active swimming habit. The
hepato-pancreas, spleen end gall bladder are formed. The ventral mouth
is shifted to the anterior end. Intestinal loop begins. The larva be-
comes prominently carnivorous. Scales cover the whole body at 24-
30mm and by this time the adult type of intestinal looping is designed.
Barbels are completely formed. The intesine increases and becomes
complicatedly coiling. Food habit changes to an omnivorous one show-
ing a close relation between this adaptive habit and the extensively
developed intestine when compared with the carnivorous feeding larva.
Stomach is absent but the anterior swollen part functions as a storage
of food and consists of higher network folds and columnar cells than
the posterior one. The pharyngeal teeth change from the larval curved
and serrated type suited for carnivores to the crushing and molar type
suited for herbivores. They act against the hard horny pad innervated
by taste buds. In absence of buccal teeth, horny denticles born on the
epithelium add efficiency for holding the food substances. The lips
are thickened and slightly ridged containing dense taste organs which
extend till the oesophagus. Mucous cells are abundant in the bucco-
pharyngeal cavity and in the rectal region, the presence of which
help in facile passing of bolus and faecal matter and is also suited for
voracious eater like the carp. The taste buds spread until the gill
lamellae, the barbels, skin, fins, and even the conjunctiva of the eye
which mark its wide adaptibility. The mortality is considerably low
and the carp is strong enough to cope with wide range of tempera-
ture variation from 4°C to 30°C. The study of relative growth reveals
that all the organs studied (Figs. 38, 39) in their first phase of growth
by 9.5-10.6 mm show positive allometry and in the second phase by 17-
24 mm isometry or negative allometry, which correlate the changes
of structure growth and feeding habit from larva to young The weight
by 300-330 mm carp of two and a half years is increased to the
marketable value of about 1 kg. These appear to be the inferred bio-
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logical properties which enable the carp to be adaptationally well bal-
anced at each stage of growth, possessing the innate potentialities to
meet an environment ; such properties are much desired for the culture
and propagation methods of a fish,

X. Summary

The main object of the present investigations was to work out on
the problems in relation to the culture and the propagation of the
carp. From this point of view a detailed study of the spawning behav-
iour, embryology, larval growth, digestive system, and other organs
of the carp reared in the experimental pond of Fisheries Laboratory,
Kyushu University, was made on the basis of microscopic preparations.
The following distinctive remarks would be noteworthy.

1. The carp spawns on vegetations or like substances at an optimum
water temperature of 22-24°C for nearly 6 hours at any time of the
day, but usually at dawn from April to July at short and irregular
intervals. During the spawning act the male nudges the female from
behind and approximates the genital part, lying almost parallel to her
side. Both lash the caudal region forcibly, discharging simultaneously
the ova and milt, and then separate after swimming together for about
30-50 cm. The total number of eggs in a spawning female, 590 mm
in total length and 4.9 kg in weight, is nearly 765,000, which is a con-
siderably a high number for the production of fry.

2. In the embryonic and the larval stages, the blood vessels form
a network on the yolk sac and fin folds, and are representations of
well developed respiratory devices as an adaptation to less favourable
conditions.

Large secretory cells are marked around the head and the yolk sac
of the embryo and the larvae, and last till the yolk absorption. These
seem to aid the larvae in sticking to the substratum, which is a nat-
ural device of safety against driftng by the current of stagnant

water.

The first sign of the rudiment of the gut is marked as an endoder-
mal thickening by about 40 hours after fertlization, which assumes
a cylindrical form of double layered cells by 70 hours (18 hours be-
fore hatching). By 78 hours after hatching a lumen is formed by the
retreat of cells rather than the evagination as in other vertebrates
(Fig. 5P, R, S, T). The mouth is formed at about 8-10 hours before
hatching (Fig. 5 U, V). The liver is formed on the latero-ventral sides
of the gut (Fig. 5 T). Pharyngeal folds are marked at 41-45 hours
after fertilization as two dorso-lateral endodermal outgrowths which
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proceed to meet an inwardly pushed layer of ectoderm to form gill
slits by 56-57 hours after fertilzation (Fig. 5 Q).

Pectoral fins begin their formation at about 55 hours after fertiliza-
tion and the median fin fold is prominently visible by 70 hours.

3. The period of incubation varies with the temperature (Table 2)
and at 13-17°C the larvae hatch in 90 hours after incubation and mea-
sure 3.9-5.6 mm. Hatching is completed wthin 2.5-3.5 days. The yolk
sac is completely absorbed in 8 mm. All the fins are marked in 10
mm. The posterior end of the notochord is begining to turn upward
in 7.5-7.7 mm larvae. The heterocercal caudal fin starts its formation
at 7.5-7.7 mm. Hypurals number 7 (Fig. 10). Scales first appear behind
the opercle at 17-18 mm, and cover the entire body surface of the carp
by 24-30 mm. Young carp of this length resembles the adult in appear-
ance (Figs. 6, 13).

Liver cells start arranging themselves into lobular forms in 4.2 mm
larva within 10 hours after hatching. The pancreas is differentiated
along the left dorsal side of the intestine as a deeply stained mass of
cells among the liver cells by 5.3 mm larva. The gall bladder is mark-
ed at this stage (Fig. 7 F, H). The hepato-pancreas assumes the
young form by 9.6-10.5 mm.

The anlage of the air bladder is marked a few hours before hatch-
ing (Fig. 5 W) and becomes to be filled with air by 6 mm (Fig. 7 G)
and pushes the first part of intestine. The anterior one is formed in
about 10 mm larva. The newly hatched larva begins its active life
after the absorption of yolk (i. e, 7-8 mm larva). Active preying
habit on the zooplankton is quite prominent by this stage. Schooling
behaviour, though, beginning at 9.5 mm, at this stage or even after
is not so significant. They start feeding 24-36 hours after hatching.
The juvenile and the young prefer to eat at short intervals, which
seems to be advantageous for the absence of stomach. The power
of discriminating eatable substances appears to be intense. Weberian
ossicles are marked by 10.6 mm joining the ear bones anteriorly and
the air bladder posteriorly. The longitudinal grooves and fenestrations
are formed by 17-18 mm (Fig. 11).

4. The club cells appear at about 12mm larva on the head skin be-
tween the upper lip and the nasal cavity and occasionally multinucleate
giant cells are marked more along the dorsal side of the head than the
ventral one (Fig. 16 E). By 6 mm the dorsal skin of the head shows
wrinkles which are the cytoplasmic extensions of the cells. They
seem to disappear at 12-13 mm, which is the time of the appearance
of club cells at that position. Taste buds first appear on the head
skin (between the upper lip and the nasal cavity) at 18 mm. Occasional-
ly, promucous cells like those of the buccal epithelium are observed
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from the head skin epithelium. A girdle of elongated cells intercepted
by collagenous fibres hanging down into the dermis from the basement
membrane is observed : this has not been reportd before (Fig. 16 F,
&.

Mandibular barbels first appear at 18.5 mm in total length and mea-
sure about 217 g, while the maxlilary ones are noticed at 22 mm which
is the stage of the appearance of the taste buds on the barbels. Mu-
cous cells and club cells are evidenced abundantly in the proximal or
post-proximal regions of the barbels.

The epidermis enveloping the anterior side of the nasal flaps is thick-
er than that of the posterior one. Taste buds are marked from the
distal anterior end. Club cells are absent from the middle and the
distal region of the flaps (Fig. 19 A-D). The outer epidermis of the
operculum appears to be thicker than the inner one and a few taste
buds are noted from the outer side only. Conjunctiva of the eye and
the caudal fin also possess taste organs in their epidermis (Fig. 20 A-
F). Their presence on all these organs are suggestive of their wide
adaptability to environments.

5. Lips of the young and the adult are provided with low ridges
and shallow furrows (Fig. 22) which appear to be helpful during the
feeding activity from the bottom. Horny type of dentitions resting
upon the membranous structure are marked on the inner posterior
side of the lips of the larvae, juveniles and the young ones; these
may help in holding the food materials (Fig. 27 C, D).

The maxillary valve is marked with the opening of the mouth in
the embryonic stage. It is a small, almost cresentic membranous
structure hanging freely into the buccal cavity behind the upper lip.
In 6.0-6.8 mm larvae the mucosa of the buccal cavity (roof) is marked
to enter as a thin layer into the proximal of the maxillary valve.
Mucous cells are greater and larger on the ventral sides of the valve
than the dorsal one. One to 3 typical taste buds born on papillae are
recorded only from the ventral surface of the valve, which come in
direct touch with food substances (Fig. 27 C, E-G).

A few prominent papillary folds marked in the mouth cavity as ear-
ly as 9-10 mm become regularly to be arranged by 15 mm in total length
and 3-4 longitudinal folds are marked from the centre of the buccal
cavity (roof). The roof is concave and the floor is slightly convex so
as to fit nicely during the food taking. Papillae on the pharyngeal
roof are more abundant than those of the buccal one and they decrease
posteriorly; on the Aoor, they reach till the fourth gill arch (Fig. 23
A-F). Mucous cells are almost uniformly distributed in the buccal
cavity. Promucous cells and club cells are occasionally marked (Fig.
27 M). Three types of taste buds are recognized from the epithelium
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of the cavity: buds with truncated, protruding, and depressed apices.
Besides lymphocytes, vacuoles or oval cells are occasionally found
towards the middle or distal ends of the buds (Fig. 29 E-J).

Five developmental stages of the mouth are marked (Fig. 21) in this
study which are related to the change of feeding habits. Pharyngeal
teeth are apparent in 6.8 mm in total length. In the larvae and the
juveniles they are arranged asymmetrically in 3-4 rows totalling 7-8
on each arch. They are curved, serrated, and backwardly directed,
which befits the carnivorous feeding habits. They hold the prey tight-
ly and transfer them to the oesophageal cavity. The flatness on the
crowns of teeth on the first and second row become apparent by 28
mm (Fig. 24 F), and furrows are established by 45-50 mm in total
length. This change of teeth formation is in correlation to the change
of food habits from early carnivorous to the omnivorous one. The
relative length and the width of the pharyngel arch appears to be
greater (i.e., 3-4.26) till about 30 mm in total length after which it
nearly becomes on an average of 2.87 (2.2-3.46) by 45-50 mm. The
higher value is a characteristic of the carnivores and the lower one
of the herbivores (Fig. 25).

The horny pad is biconvex and almost four cornered (Fig. 26 C). In
the larval stage it is a soft structure but considerable hardness is felt
by 28 mm, this becoming quite apparent by 45-50 mm in total length.
This appears to be in relation to the development of furrows or groov-
es on the crowns of the pharyngeal teeth. Hardness of the pad is
correlated with more herbivorous habits than carnivorous ones. Well
developed taste buds are recognized on the palatal organs and in the
tissues of the pharyngeal teeth but the finding of the same in the
middle layer of the horny pad seems to be of special significance in
the gustatory sensitiveness during the act of feeding (Fig. 26 B, E).

Mucous cells are absent from the lips. These cells and the taste
buds appear to be related to each other in their distribution in the
pharyngeal and oesophageal cavities. The former increases posteriorly
and the latter vice versa. The anterior part of the oesophagus is pro-
vided with more mucous cells and taste buds than the posterior one
where mixed type of epithelium (oesophago-intestinal epithelium)
is present. Taste buds in the oesophagus are marked in about 6.8 mm
larva much later than the buccal cavity where immature buds are rec-
ognized at about 10-12 hours after hatching (Fig. 29 A). The function
of the lip is essentially gustatory. hence, the taste organs. Once the
food enters the buccal cavity its further passing posteriorly depends
upon the slippery epithelium with simultanous food selection: hence
both the mucous cells and taste buds. The same is true for pharynx
and the oesophagus, too. The presence of gustatory organ in the
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oesophagus is an indication of the extreme delicacy of taste in accept-
ing eatable substances by the carp.

The oesophageal mucosa are stratified like the pharynx and are
thrown into longitudinal folds 6-8 in number at 6.8 mm in total length
In 200-300 mm carp about 24-27 folds are developed (Table 11). An
oval thickening of unidentified character is marked at the oesophago-
intestinal junction but the exact function seems to be obscure.

6. Primary gill lamellae are observed as 2-3 bud-like protuberances
15-16 hours after hatching on the first gill arch and the secondary
gill lamellae are formed in 6.0-6.6 mm in total length (Fig. 30). The
outer gill lamellae are larger in size than the inner ones which aid
in covering the gill openings (Fig. 31 L). The gill rakers are formed in
15-16 mm in total length (Figs. 30 H, 31 E). The papillated gill rakers on
the adjacent gill arches interdigitate with each other so closely over
the narrow gill clefts as to form an accurate straining mechanism,
which appears to be important for bottom feeding. The central cores
of the joining ends of the epi- and cerato-branchials are cartilaginous,
which help in the easy movement of the arches during respiration.
Histologically, the arches, the rakers and the lamellae alike in their
epithelial structures but differ in thickness. Typical taste buds like
those of the arches and the rakers are noticed on the margins of the
primary gill lamellae. A large number of rounded, oval, or elongated
mucous cells are abundantly present on the gills, the secretion of which
helps in entangling the food particles from surrounding water.

The intestinal folds are the continuations of the oesophageal ones ;
they number about 8-13, and measure 25-42 g in height in 6.8 mm
larva. Network of the folds are formed in 20-24 mm larvae. Zigzag
folds are also marked in 31-35 mm young carp. A double network of
the folds are present in the large specimens and is higher and more
complex in the first part of the intestine than the rest. Anal folds
are always longitudinal like the oesophageal ones (Fig. 33).

7. The structure of the carp intestine is similar to that of other
cyprinids. The development of the intestinal coiling is divided into
seven stages in this study (Table 13). The initial step in the coiling
is first marked at about 10-12 mm and is completed by 28-30 mm.
The complication of the coiling seems to depend upon the length of
the intestine. Long intestine is a characteristic of the herbivores
and is marked by 29 mm in total length in the carp. The intestine
may be histologically divided into three regions. The anterior swol-
len part consists of a more complicated network of folds than the
middle one which is almost uniform in diameter. The height of the
columnar cells in the anterior part is greater than the middle one.
The anal part consists of longitudinal folds covered by stratified epithe-
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lium containing mucous cells like those of the pharynx (Fig. 37 H,
I<, L). True stomach is absent but the anterior swollen part may be
regarded as a receptacle for storing the food. In the epithelium 4
or 5 types of cells are identified : mucous cells, wandering cells or
lymphocytes, granular cells, pear-shaped cells, and certain unidentified
large secretory cells. Mucous cells form stratification like those
of the pharynx in the rectal region, while they are few in other parts
of the intestine.

8. Inflection points of regression lines in the relative growth of
snout length, head length, eye diameter, opercular opening, body depth,
caudal peduncle height, snout-insertion of the dorsal fin length, pector-
al fin length, intestine length, and pharyngeal arch length at 20-24
mm in standard length (Figs. 38, 39) are marked. The gill arch length,
the large primary gill length, and the number or gill filaments on
the first left gill arch show an inflection point on the growth curve
at 9.5-10.5 mm which correlate with the differentiation and growth of
tissues and organs i. e., hepato-pancreas, spleen, taste buds in the buc-
cal cavity, pharynx, and the gill arch. The growth line of the intes-
tine is represented by two inflection points which correspond with
the coiling of the alimentary canal, the change of food habits and
the developmental stages of the larva, post-larva and juvenile, young,
and adult.

The epidermal thickness of the head skin (between the upper lip
and the nasal cavity) shows two inflection points at 11 and 36 mm in
total length, which appear to be related to the disappearance of the
cytoplasmic extentions of the superficial cells and the appearance of
the club cells in the epidermis in 12 mm in total length. The height of
taste buds from the roof of the buccal cavity and pharynx to gill arch
shows inflection ponits at 8.6-10.6 mm in total length and the same of
the latter one is higher than the former ones. The coefficient of the
weight-length is calculated to be 3.049 (Fig. 38). The growth of the
organs or tissues may conclusively be represented by two inflection
points (Figs. 38. 40) which are found to correlate with the transition
period of food, developmental stages (larva, juvenile, young and adult)
and other histological and morphological changes discussed.
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