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Ry D. R. BHATTACHARYA. 

This paper deals \\'ith early stages in the life history of (;obilts ostreicola, Chaudhuri, 
Pdroscirtes hhattachllYVlle, Challdhuri, and HeJnirhamphHs limbatlts, Cuv. and Val. The 
specilnens were all collected in the Chilka Lake by Inetnbers of the staff of the Indian 
Museum. I worked on the first two above-mentioned species in the months of May 
and June, IQI5, in the Indian Museum at Calcutta. The specimens of the third were 
sent to tne here at Allahabad, and I worked them nut in the Biological laboratory of 
the Muir Central College, during the tnonth of August, 1915. As it was too hot then 
for tuicrotome work, tuany features of the internal anatomy have been neglected, 
and the paper naturally is not supposed to be exhaustive. 

My sincere thanks are clue to Dr. Annandale, Superintendent of the Indian 
Museuln, and to Dr. Chaudhuri, Assistant Superintendent, Indian Museum, for kindly 
allowing Ine to work in the MUSeUtll laboratory, for placing the collections of the 
Chilka Lake Survey at tuy disposal, and for assisting tne in many other ways, 
especially in looking up literature on the subject. 

Go bius ostreicola, Chaudhuri. 

(Plate XVII, figs. 1-7.) 
19Ih. Gobil4S ostreicola, Chaudhuri, Rec. Ind. Mus., XII, p. 105. 

The specilnens were collected on the oyster-beds of Manikpatna in the outer 
channel of the Chilka Lake during the first week of December, 1914. The water at 
that place was then almost fresh owing to the floods at the close of the monsoon , though 
later on in the dry season the water becomes as saline as in the Bay of Bengal. The 
specific gravi'ty of the \vater was found to be 1 ·OIZSO. 

The egg is elongated and oval in shape \vith a bunch of filaments at the distal 
extrenlity whiCh serves as a lneans of attachment to foreign bodies. In this case the 
eggs were found attached to the concave side of a dead oyster shell measuring about 
31 inches in length and z! inches in breadth. On a rough calculation about 400 eggs 
were found covering a surface of one sq. Cln. The method of attachment of the eggs 
to the shell is very ~haracteristic There springs from the pedicle of the egg a hyaline 
structure which spreads out like an umbrella and ends in viscid thread-like filaments 
which adhere to the shell or to the filaments of the adjacent ova. This hyaline 
structure is traversed by alternate rows of oval apertures which gradually become 
bigger in size distally. Three or four such concentric ro\vs of apertures may he made 
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out under the high po\ver of the microscope. The apertures in the last row (distally) 
do not keep an exactly oval shape, but are generally slightly curved or bent and 
luuch luore elongated than broad. 

The egg sho,vn in pI. xvii, fig. I was the slnallest of the lot I came across and 
ll1easures '5 lnln. in length. It is in one of the early stages of developlnent. 
NUl11E'rous small globules, very likely oil globules, may be seen in the yolk-luass. The 
egg~membrane is l1l0re or less closely attached to the developing egg. The exam­
ination of the contents of the egg seems to show, however, that it is really a 
degenerate egg. 

The egg in pI. xvii, fig. 2 measures 1'6 mm. in length. Intermediate stages 
between figures I and 2 could not be found. At this stage the embryo is fairly well 
developed. In a lateral view the eye, ear and heart may be seen to have begun to 
develop. The eye has not yet acquired pigrnents and is consequently colourless. The 
ear is a simple pit-like depression. The heart is represented by a very Inillute sac-like 
dilatation. The yolk-mass lies in a yolk-sac on the ventral surface of the body. 
Immediately above the yolk-mass we see the beginning of the notochord which 
gradually tapers towards the tail end, though it has not yet reached its extrelnity. 
On .the dorsal surface of the elnbryo frotn the anterior end to about the middle of the 
body a thickening like that of the neural plate is observable. It marks the beginning 
of the development of the nervous system. A continuous fin-fold all over the body, 
except for a slnall portion of the head-end of the enlbryo, forms one of the most 
characteristic features of the embryo at this stage. 

Plate xvii, fig. 3 shows an empty egg-membrane from which the embryo has been 
extruded. The wavy line at the upper end marks the point of rupture during extrusion. 

The specimen in pI. xvii, fig. 4 measures 2 mm. At this stage we find the 
nervous system fairly ,veIl developed. The notochord reaches the extremity of the 
tail and is slightly curved upwards (heterocercal), and the caudal fin-fold acquires a 
corresponding shape. The epichordal lobe becomes reduced in size and the hypo­
chordal lobe becomes comparatively enlarged. The continuity of the fin-fold is more 
or less broken near the middle of the body by its extreme narrowness, and we get 
anteriorly a dorsal fin-fold, posteriorly a caudal fin-fold, and ventrally a pre-anal fin­
fold. The transition from fig. 2 to fig. 5 is rather abrupt. A truly heterocercal stage 
is not visible and we apparently get a homo cereal (fig. 7) from a diphycercal (fig. 2) 

type. Fig. 5, however, approaches the heterocercal stage to some extent. Black 
stellate chromatophores lie in streaks both above and below the notochord, but do 
not reach the caudal extremity. The anus lies near the midrlle of the body, but the 
anterior portion of the alimentary canal is either undeveloped or indistinct. The 
heart acquires a coiled shape. 

Plate xvii, fig. 6 shows a slightly more advanced stage. It has a curved tail, 
which is of course not a characteristic feature of this stage, for many specimens of 
earlier stages possess coiled or curved tails. This stage marks the development of 
pectoral fins and of another stucture-probably the gas-bladder which lies just in front 
of the yolk-mass. 
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Plate xvii, fig. 7 is the lllust developed of the specil11ens which I have seen. It is 
not yet hatched, but in all likelihood is just ready to be hatched. Of course, 
hatched specimens leave the colony and lead independent lives and that is why I 
have not come across them. At this stage the eyes becolne quite prolninent and 
acquire pigments. 'fhe pupil looks yellowish-grey \vith a brownish spot in the middle, 
and the bulk of the eye looks brownish-black under the high power of the microscope. 
The yolk-tnass gradually decreases in size. Two streaks of black (in places brownish) 
resembling stellate chromatophores may be seen lying dorso-Iaterally, one 011 either side 
of the notochord. A big chrolnatophore lies just in front of the yolk-luass. El11bry­
ODic fin-rays Inay be seen under the high po\ver in the hOl11ocercal (not yet true hOlno­
cercy) caudal fin. The embryonic dorsal fin also becolnes well developed. No pigluents 
have been found to occur in the embryonic fins. The pelvic fin has not as yet Inade 
its appearance. The pectoral fins are well developed and beconle fan-shaped. The 
transparency of the body is lost and every preparation to reach the adult fonn is 
more or less begun. 

Petroscirtes bhattacharyae, Chaudhuri. 
(Plate XVII, figs. 8-1!.) 

1916. Pdroscirtt:s bhattacharyae, Chaudhuri, Rec. Ind .• 'flts., XII, p. 107. 

This species is believed to be a new one and no description of its larval stages 
seems to exist. Some specimens were obtained off Balugaon on 6-iii-I914, and others 
near Barkuda 1. on 19-xi-I914. The specific gravity of the water (corrected to a 
standard tetnperature of 15°C) was about 1'007 on the fonner occasion and about 
1'006 on the latter, showing a low salinity on both. 

Only three distinct stages are available. The smallest specimen found measured 
~'25 mm. in length and the largest specimen 15'9 mm. (including the middle caudal fin­
rays). The following table gives the measurements in mm. of (r) the smallest, (2) the 
aext higher stage-I shall call it medium for the sake of convenience, and (3) the 
largest specimens available. - ------ --- --- - ------- ----- -- - - -- - - --

Stage. 'fotal 

j 
length. 

I 
.\ 3'25 
I 

Depth of II Length of i Length of ' Length of Length of I J,ength of 
body. caudal fin. Ipectoral fin spine, head. I pelvic fin. 

I I 
i I I -- -~--!- --- ---

No distinct!'5 '3 I '8 I Not yet 
caudal fin. I I developed. 

'6 1. Smallest 

II. Mediulll 13'25 2'25 1'8 2'5 1'25 2'5 1'75 

III. Largest 15'9 2'7 2'1 3'25 1'8 3 2'25 

The specimen shown in pI. xvii, fig. 8 measures 3'25 nUll. in length (stage I). 
The nluscle segtnents are fairly well developed and are about 34 in nUlnber> out of 
which about 24 can be distinctly lllade out, the mYOCOlnlnas of the 1110st anterior 
and the lllost posterior segluents being rather indistinct. The Inyotolues have 
not yet quite acquired the shape of the adult and are slightly wavy in chalact{:f. 
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The" concentration" of the body seglnents has not yet taken place except at the 
an terior end. 

The dorsal, caudal, and anal fin-folds are continuous (a prinlitive character). 
Furthennore, the skeletal supports of the fin-folds are either not yet developed or if 
developed (there are faint indications of the developtnent of the fin-rays towards the 
caudal end) are not visible even under the high power of the microscope. The pelvic 
or ventral fins are not yet developed. The pectorals are short and contain 9 fin-rays. 

The pigments are a characteristic feature of the larva. There are eleven fairly 
big black stellate chromatophores in the anal fin-fold frotn about the middle of the 
body to the base of the caudal fin-fold. There are also scattered but rare small brown 
(or in places blue black) pigment spots both in the dorsal and anal fin-folds. The 
caudal fin-fold is practically free fronl pigments. At the distal extretuity of the 
pectoral fin beginning from about the middle, pigments of a deep blue black colour 
are very densely situated. 

The posterior region of the alimentary canal and anus are visible. A short 
opercular spine and a frontal protuberance are developed. The notochord is well 
developed and extends to the tip of the tail end. 

Slightly older stages than these are available. They show a slightly heterocercal 
tail fin. The caudal fin-rays in these have just begun to develop, but are not yet 
segtnented. In the anal fin-fold the number of chrotnatophores varies from 12-15 in 
number. 

Plate xvii, fig. 9 (stage II) measures I3 '25 mm. in length (including the middle 
caudal fin-rays). This is a much more advanced stage than fig. 8. The myotomes 
are well developed, and the mYOCOlnmas are quite distinct. The longitudinal 
horizontal septum separates the epiaxial from the hypaxial portion of muscle segments. 

The fin-folds have become discontinuous and we get a long dorsal, a caudal, and 
a long anal fin. The diphycercal and heterocercal stages have been passed through, 
and we get the homocercal type of fin characteristic of the adult. The caudal fin 
consists of 22 jointed fin-rays and is practically free from pigments. The ventral fin is 
short and slender and lies anterior to the pectorals on the ventral side of the body. 
It consists of 2 fin-rays only. The pectorals are cOtnposed of 13 fin-rays, and are 
deeply pigmented (blue black) towards the distal end. The dorsal and anal fins are 
composed of spinous rays which will be described in detail in the next stage. On 
each side of the dorsal and anal fins, and closely attached to them is a tuembranous 
fin-fold in which lie a row of pigments or chromatophores (fig. 9 i). The stellate 
chrolnatophores of fig. 8 are lost at this stage. 

The frontal prominence and narial tentacles are developed. The eyes are well 
developed and acquire deep pigments. Two (only) opercular spines, one on each side 
of the body, are developed, their extremities having a curiously bent shape. Whether 
this is their natural condition or is due to injury (which seems more likely), I cannot 
say, but all the available medium-sized and large specimens (6 only in number) showed 
this bent condition. The pigments of the brain are visible dorsally through the 
cartilaginous craniunl and the various elenlents which conlpose the adult skull are as 
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yet ituperfectly developed. The opercuhllli is fairly well developed and the gills nlay 
be easily Inade out under the Blicroscope. The lllouth is anned with sharp pointed 
teeth. 

Plate xvii, fig. I () (stage II I) nlea Sll res 1:)'9 BUll. ill total length (inclusive of the 
middle caudal rays). The lllyotoilles are well developed. .\s far as could be luade out 
under the Inicroscope there are about 42 luyotolnes on each side of the hody. The 
.. l'ODcentratioll " of nluscle segillents lllllst have taken place in the region of the paired 
fins t and in the tllost anterior and posterior regions of the body, but throughout its 
greater length the correspondence behveen tl1usc1e seglnents, radial1l1usdes, unjointed 
fins or spines I and the superficially segmented dorso-Iateral and ventro-Iateral dorsal 
and anal fin-folds respectively-as I propose to call them-is very rell1arkable A 
reference to figures 9, 10 and I I \vill show that on each side of the dorsal and anal fins 
there is a tnetubranous superficially segluented fin-fold containing towards the distal end 
a nUlllber of black pigillellt spots or chroluatophores. These ll1embranous fin-folds are 
devoid of spines (fig. lIt'), and their segmented portions or processes are very short, flat 
and blunt. The dorsal fin consists of the conical muscle processes at the base, £rolu the 
apex of which (I could not see any close connection between the two) arise unjointed 
rays or spines (fig. II). .A luuscle segment or myotoille corresponds with a radial 
nluscle process, a spine, and a seglllent of the dorso-lateralilleinbranous fin-fold on each 
side. This correspondence even in the post-larval stage lends support to the theory 
of segmentation in vertebrates. Certainly later on during development this arrange­
ment undergoes a great deal of 111odification so essential to keep up the rigidity of the 
body in order to keep pace with the growingly active movelnents of the animal. The 
conical 111uscle protuinences, \vhich in all probability are radial fin luuscles, seem to 
hide from vie,v the corresponding radialia or somactidia, for they are not visible any­
~here even under the high power of the microscope. These conical proluinences are 
not yet separated from the myotolnes frolu which they are developed. 

A comparison with the Petroscirtes species juv. described by Max Weber in Die 
Fische der Siboga Expedition, published in Leiden, 1913, will show certain striking 
differences. Max Weber describes in his specituens the dorso-Iateral folds as being 
provided with elongated spine-like processes, but in my specimens the processes are very 
short, flat and blunt. .Again he shows only one pigment spot (which is comparatively 
bigger) in each segment of the anal fin close to the base of the spine, but in my 
specinlens a number of cOluparatively smaller pigment spots lie more or less in a row 
not at the base of the anal fin, but at the apex of each dorso-Iateral and ventro­
lateral fin-fold segment. Again he shows the pigluents only in the anal fin, but in 
Illy specimens they occur both in the dorso-Iateral and ventro-Iateral fin-folds in the 
same positions. He also shows a number of smaller spines in the operculum, which 
are absent frotll my specinlens. These differences provide ample evidence to prove 
that nly specitllens belong to a different species to that described by Max Weber. 

The caudal fin is corllposed of 24 jointed fin-rays. The pectoral and ventral fins 
are fairly well developed, the fonner being deeply pigluented to\vards the distal end. 
The opercular spine, eyes, and 1110Uth are well developed. A short, blunt and flat 
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protuberance lies in front of the head above the nlouth which I have called the frontal 
prominence. The nlouth is provided with fairly well developed pointed teeth. Later 
post-larval stages would have shown interesting developnlents but unfortunately we 
ha ve not got them. 

Hemirhamphus limbatus, Cuv, and Val. 

(Plate X\TIII, figs. 1-6.) 

Young stages of this species were taken in all parts of the Chilka Lake in fresh as 
well as in brackish water. 

Some of the specimens in this collection do not seem to have been well preserved. 
However, a fairly gradual series of lar val stages have been found, and the collection 
therefore is interesting. I have sorted out the specimens and divided theln into 13 
distinct stages. Some of the specimens were staine~ with Borax Carmine, and others 
with methylene blue. The latter brings certain structures, e.g., cartilaginous skeleton 
and chromatophores, prominently into view and allows them to be traced for greater 
dista:nces than the former does. But, on the whole, I found specilnens stained with 
Borax Carmine more suitable for descriptive purposes. The accolnpanying table 
snows the length in mlll. of body, snout and gas-bladder of the 13 larval stages I am 
going to describe. 

Stage. 

I 

II 

III 

IV 

v 

VI 

VII 

VIII 

IX 

x 

XI 

XII 

XIII 

I 

I 
f Length of body 

I
I including snout and Length of snout, 

tail fin. ! 

2'5 1-- '084~ 
2'75 

3 

3'75 

6 

10 

10'5 

II 

12 

' 1069 

' 1187 

'I300 

'1544 

'178I 

'19°° 

' 21°9 

'2375 

'20I2 

'3444 

I 

Length of gas- I 

bladder. i 
REMAH.KS, 

I 
I 

? --- -1-s-p-eC-in-l-e-n-n-o-t -w-el-I-p-re-s-er-v-e-d. 

'1662 

'2375 

'577° 

3 

3'125 

3'5 

3'75 

4 

4'5 

5 

5'75 

j 

Fin-fold still continuous, but 
slightly constricted towards 
tail. 

More or less distinct tail fin : 
fin-fold still slightly conti­
nuous, 

A young fish, 

-------------- ------
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STAGE I. This is the stnallest specimen I have come across. It measures 2'5 

mm. in length. I have not sketched it, as the poor fixation of this specimen Blakes 
it difficult to detenuine the details of internal anatoluy with any degree of accuracy. 
The eye and the gas-bladder is alrea(ly fOrtlled. The lower jaw is prolonged into a 
slender heak. On the ventral surface a hig chrotnatophore is present (see pI. xviii, 
fig. I). The dorsal surface of the gas-bladder is pigmented. The tail is proto­
cereal. 

STAGE II. This specitnen tlleaSUres 2'75 t11m. in length. The beak or snout 
becomes slightly lllore elongated and distinctly pronounced at this stage. The same 
chromatophore is present on the ventral surface. The tail begins to assunle the 
heteroc~rcal type, and the notochord and nlyotomes becoll1e fairly distinct. The 
cartilaginous developluent of the skull and visceral arch has begun. The cartilage 
cells are quite distinct. 

STAGE III (pl. xviii, figs. I and 2). The eye is well developed and looks like an 
opaque black Ina.;;s. Dorso-ventrally it is longer than laterally. The beak is curiously 
shaped, being bent in front like that of some birds. The visceral arches are well 
developed. Under the high power of the microscope. the visceral arches are seen to 
be lined by tuore or less parallel rows of cartilage cells. The heart lies just below and 
behind the basibranchial cartilage, and is in a fairly advanced stage of development. 
The various chambers are ho\vever just fonned, and their connections and the various 
blood vessels which they give rise to are quite indistinct. The gas-bladder has an oval 
shape and is invested dorsally with pigment bodies. It is continued anteriorly into a 
hollow tube-like structure which seems to open just at the junction of the pharynx with 
the oesophagus. The notochord is well developed, and bends sharply upwards at the 
caudal end to form the beginning of the heterocercal type of tail fin. The myotomes 
and lnyocomnlas are developed, but the body is still tnore or less transparent. The 
alimentary canal is formed, but its different regions are rather indistinct. It lies close­
beneath the gas-bladder. Posteriorly it opens by the anal aperture. The glandular 
epithelium lining the internal cavity of the stomach is visible under the high power 
of the microscope, but the cavity of the stomach is very narrow. The spinal cord 
lies just above the notochord. The brain is also formed, but its various regions are 
indistinct. The liver is also formed and lies beneath the oesophagus and the anterior 
region of the stomach. It becomes more distinct in the next stage. The big stellate 
chromatophore still persists on the ventral side of the body. Except for this one, and 
those in the gas-bladder, no other chromatophores are to be seen in the body. The 
dorsal ventral and caudal fin-folds are still continuous and quite distinct. , , 

STAGE IV (pI. xviii, fig. 3). The specimen has been sketched exactly as it ,vas 
found with the mouth wide open. It gives a good idea of the relation of the upper 
and lower jaws The cartilage cells are very numerous and prolninent at this stage. 
The nlandibular, hyoid. and branchial arches are all 'well developed. The last 
hranchial arch is rather indistinct. Rows of papilla-like outgrowths appear on the 
first 4 branchial arches, those of the first 3 being quite proluinent. These seem to be 
the rudinlents of the branchiae. The opercular membrane also makes its appearance. 
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The hyoid arch has a curved shape, and the arches of both sides meet ventrally. 
At their point of junction is to be seen a stnall cartilaginous piece (probably 
basihyal) projected forwards, -its hinder portion tlleeting the anterior prolongation 
of the basibranchial. The various divisions of the arches are not yet differentiated. 
The cartilaginous craniUlTl is fonned and is still more or less transparent. The heart 
tnay be faintly made out, as before, beneath and behind the basibranchial cartilage. 
The gas-bladder takes an elongated shape, and its dorsal surface is deeply pigmented 
black. Its anterior prolongation becolnes indistinct, but its posterior prolongation is 
quite distinct, and it seems to open just behind the anus by a distinct slit. The noto­
chord is well developed, and is constricted off into a number of pieces, to form the 
beginning of the future vertebral column. The skeletogenous layer has started its 
\vork, and the skeletogenous cells may be seen in large nUlnbers just at the base and 
above the notochord. In the latter place they are quite abundant, and may be seen 
to enclose the spinal cord. The heterocercal tail is fairly well developed, but the 
fin-rays have not yet made their appearance. The tnyotomes are well developed, 
and the transparency of the body is still to a large extent retained. The alimentary 
canal seems in some places to consist of a solid cord of cells, and the cavity is 
obliterated, but this may be due to external causes. 

The liver maybe seen as a thick mass of cells, in front of the stomach. The 
big stellate chromatophore still persists, though it is now much reduced in size. In 
addition to it, a number of small chromatophores (about r6) make their appearance 
on the ventral side of the body. The fin-folds are still continuous, though luuch 
norrowed towards the caudal end. 

STAGE V (pl. xviii, fig. 4). This stage is much more advanced than stage IV 
The intermediate stages which would have been very interesting are missing. The 
snout or beak does not seem to have kept pace with the enormous increase in the 
length of the body. In fact, I tried to establish a ratio between the length of increase 
of the body, the gas-bladder and the beak, but failed hopelessly. The above table 
(p. 388) will show that the increase in the length of the beak has no relation whatsoever 
with the development of the body. 

The operculum is well developed and the branchial arches can only be indistinctly 
nlade out. The papilla-like outgrowths have reached a considerable size and are quite 
a characteristic feature of this stage. The cranium is fairly well developed, and its 
transparency is lost. The gas-bladder has kept pace with the increase in length of the 
body and the same is the case with the alimentary cana1. The position of the gas­
bladder in the body is now denoted only by a long series of deeply pigmented bodie8 
close beneath the notochord. On a careful examination under the high power of the 
Inicroscope a dense network of capillaries tnay be seen lining the walls of the gas­
bladder. These capillaries probably form the " retia Inirabilia " or "red bodies" 
of the adult. They are arranged in fan-like tufts over almost the whole extent of the 
inner surface of the gas-bladder. Owing to the opacity of the body the notochord is 
not distinctly visible, but it is being gradually enveloped by the skeletogenous cells 
to fonn the future vertebral cohUlln. The condition of the tail is midway betweeu 
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the heterocercal and hotnocercal type-a rather nearer approach to the latter. The 
caudal fin-rays are quite distinct. 

The gradual growth of the Inyotolnes has increased the opacity of the body. 
The chromatophores of the last stage ha ve all disappeared, except of course those of 
the gas-bladder. In their place we find a paired ventral row of chronlatophores, 
which probably becotne attached together and fonn a continuous streak between the 
anus and the caudal fin. A tuiddle paired row (one on either side of the body) consisting 
of about 24 chromatophores, occurs on the sides of the body and in a lateral view 
seems to lie over the notochord. A dorsal paired ro\v lies on the dorsal surface of the 
body. Each ro\v consists of r6 distinct anteriorly situated chrotnatophores, and a 
continuous streak posteriorly consisting of about 9 chromatophores. Pigment spots 
also make their appearance in the upper jaw. Large irregular piglnent bodies are to be 
seen on the dorsal and lateral sides of the head. They are irregular in their distribu­
tion (not shown in the figure). Ventrally in the anterior region of the trunk close 
behind the head, a line of stnall black pigment spots make their appearance. The 
dorsal and ventral fin-folds still exist, though in a much lnore modified form. The 
dorsal and anal fins are developed, but their skeletal structures are not yet 
visible. 

STAGE VI (pI. xviii, fig. 5). There is not much difference between this stage and 
the previous one. The snout in particular shows very little increase, while the general 
increase in length is '75 mm. The bony framework of the skull is developing fast and 
the head region has become quite opaque except on the ventro-Iateral edge, where 
the branchiae are just visible through the operculum. The gas-bladder becomes more 
densely pigmented, All the 3 paired rows of pigments described in the previous 
stage are present. The pigments in the head region are repeated again as in the 
previous stage, except that now the beak also acquires pigments. 

The tail acquires true homocercy. The caudal fin-rays are well developed, and 
faint traces of segmentation are visible in it. The myotomes have considerably grown 
in thickness and nearly completely hide the notochord from view. There are about 
4S myotomes of which 40 are quite distinct. The dorsal and anal fins are fairly well 
developed and their skeletal structures are also visible. Very faint traces of them 
were really found in the previous stage. A careful examination under the high power 
of the microscope reveals the presence of pterygiophores (Parker) or radial eletnents 
(Bridge). Corresponding to each fin-ray there is a baseost and an axonost (Cope), the 
fonner lying between the heads of two adjacent axonosts as a small round body. 
The ventral fin-fold still persists, though the dorsal fin-fold disappears. Another 
striking feature is the appearance of the pectoral fin close behind the operculum. 

STAGE VII. The general pigmentation of the body is the same as in the previous 
~tage. The pigments in both the upper and lower jaws and the head are better 
developed than in stage VI. The fins are pigmented. 

STAG ES VIII, IX, X, XI, and XII. These stages are marked by the gradual 
growth of the body beak, and gas-bladder. The pigmentation is practically the same 
as in stage VII. A. gradual gro\vth of the gills, the bones of the skull, and the 
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skeletal structures of the pectoral, caudal, dorsal, and ventral fins takes place. The 
ventral fin-fold persists, and the pelvic fin has not yet made its appearance. 

STAGE XIII (pI. xviii, fig. 6). The specimen measures 12 mm. in length. The 
myotomes are fully developed, and more or less completely hide from view the organs 
inside the body. The prolongation. of the lower jaw as snout or beak becomes 
quite a prominent feature, being just over ! of a mm. in length. The pelvic fin 
makes its appearance for the first time. The dorsal and anal fin-rays are well 
developed. The dorsal fin contains II distinct and 2 or 3 indistinct fin-rays. The 
anal fin contains 14 distinct fin-rays. The ventral fin-fold still persists though faintly, 
but seems to be interrupted or folded up in the region of the pelvic or ventral fin. 
The animal is now really a young fish in nearly all respects, and thus marks the 
termination of the larval stage. 


