XVIL.—A CONTRIBUTION TO THE EMBRYOGRAPHY OF OSSEOUS
FISHES, WITH SPECIAL REFERENCE TO THE DEVELOPMENT
. OF THE ¢OD (GADUS MORRHUA).

By Jous A. RYDER.

1.—~INTRODUCTORY.

The following paper, as far as it relates to the codfish, is mainly the
result of studies carried on at Wood’s Holl, Mass., during the month of
January, 1881, and at Fulton Market, New York, in February, 1682
At Wood’s Holl, the writer, as investigator, was associated with Col.
M. McDonald and Capt. . C. Chester, the latter having been previously
engaged, together with Mr. R. E. Barll and Mr, F. N. Clark, in an at-
tempt to propagate the cod artificially at Gloucester, Mass,, in 1880,
It is now claimed by the fishermen in the vicinity of Gloucester and
Wood’s Holl that the results of the work of the U. S. Fish Commission,
in placing artificially reared embryos of this species into the waters of
these localities, have already shown themselves as shoals of young fish,
the presence of which it is not possible to account for on avy other the-
ory than that they are the survivors of those partially reared Ly. the two
barties whieh have been alluded to above as being sent out by the U,
S. Fish Commissioner. The fullest measure of success, notwithstanding
the gratifying result claimed for us by the fishermen, it has not yet been
our lot to attain. The mortality of the artificially fertilized ova is still
very preat under apparently the best conditions, though this fact
need not hinder us in further endeavors to multiply this exceedingly
valuable food-fish of our northern coasts. If the annual destruction of
Ova which accompanies the marketing of the adult fish in New York
City alone could in any way be abated, the future of the race of codfish
Would in a great measure be assured. Inasmuch as a very large pro-
Dortion of the fish brought to New York are alive and preserved for
days in large floating cars in the harbor, the artificial fertilization of
many hundreds of millions of ova annually would be a matter of no
Ereat difficulty. Such a plan has in fact been already proposed by
Professor Baird. The ova after fertilization are to e transported in
lanuches some distance from the filthy aud too slightly saline water of
New York Harbor, and poured into the waters of the open sound or
bay, to undergo further development under natural conditions with-
out farther eare from the hand of man. This plan seems feasible, and
One whicly will demand but comparatively small outlay in its execution.
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The waters of New York Harbor were found to have less than half
the normal average specific gravity of those of the open sea, a difficulty
which was overcome in some measure by the use of artificial sea water
of a specific gravity of 1.024°. Ova fertilized in the artificial sea water
pot only developed as well as could be expected under the other condi-
tions in which they were placed, but were also ghipped frora New York
to Washington sealed up in one-quart glass jars, packed in cracked ice,
and also upon trays covered with dampened cloths. The former metbod
of transportation, however, scemed to give the best results.

Almost all of the observations on the embryo codfish here recorded
were made at Wood’s Holl in January, 1881, and relate mainly to what
could be observed of the development of the living eggs, without further
preparation, under the microscope, the small dimensions of the ova and
hatched embryos being at the time a great DLar to the more thorough
jnvestigation whieh 1 have since made with other forms with somewhat
larger ova. What has been learned by means of sections in other types
has been used only in so far as was evidently applicable on general prin-
ciples. Taken as a whole, thesc studies must be regarded as dealing
with the eggs and embryos of Gadus morrhua as living transparent ob-
jects, and notasa final monography, such as would be possible had series
of sections and other preparations been employed in addition. The out-
lines of the figures I believe to be approximately correct, all of them hav-
ing been drawn with care with the aid of the camera lucida. The work
of Sars on the same species was unfortunately not illustrated, and is
therefore not as valuable as it might have been. If it had been accom-
panied by figures, T should probably hesitate to publish several of the
accompanying sketches, because the deft pencil of the Norwegian nat-
uralist would have portrayed with much greater skill most of the stages
Lere discussed. Mr. Barll’s valuable contribution* to our knowledge
of this fish, its habits, and ‘its development, cannot be passed over in
silence, as a good many new facts are brought to light not elsewhere
recorded. Unfortunately, the observations here placed upon record re-
late only to a period of about thirty days in all. The later changes be-
yond the oldest stage here discussed would without doubt be of as much
intercst and importance to fish culturists as the earlier ones.

The observationsrecorded throughout thetext relating to other forms,
not here figured, will, I belicve, prove of interest to thoso engaged in
similar studies. These embryological observations have been made at
various times and places during the last three years, and embrace as
subjects a considerable number of genera belonging to widely scparated
families. Some of them have been already published, but I have not
felt prepared to put the facts accumulated into a connected form, as a

* A report on the history and present condition of the shore cod-fisheries of Cape
Ann, Massachusetts, togethor with notes on the natural history and artificial propa-
gativa of the specics. By R. E. EARLL, Roport of the U. S. Commissiover of Fisheries
for 1478, pp. G84-740.
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general survey of the ground which I have traversed, until quite recently.
The observations in addition to those on the development-of the cod
were made principally at Cherrystone and New Point Comfort, Va.,
Havre de Grace, Md., and Washington, D. C.

2—THIE OVA AND OVARIES OF THE COD AND OTHER FISHES.

The mature eggs of the cod measure 1.3 millimeters in diameter, or
onc-nineteenth of an inch, and are covered by a vitelline membrane which
is not porous or enveloped in adhesive material. 1t is thin, very trans-
parent, and laminated, as has been stated by Sars, and at one point is
perforated by a single minute opening, the micropyle; the membrane is
somewhat thicker in the immediate vicinity of this opening. In figures
1, 6, and 7, the micropyle is shown at the lower pole of the egg, and in
figure 5, very much magnified, a portion of the surrounding membrane,
together with the form of the tube of the micropyle, is seen in optic
section. The outer opening is sitnated in a funnel-shaped depression,
the rim of which is defined from the surface of the membrane by a fur-
row running round it. TFrom the funnel-shaped outer opening a fine
canal passes inwards to end in the center of another wider funnel-
shaped depression on the inner surface of the membrane at mi’, but which
is situated upon a considerable internal clevation. As far as the writer
has been able to make out with very excellent Ienses, this is the only
opening into the cod’s egg through which communication is established
between the water surrounding it and the space inside between the vi-
tellus and the vitelline membrane.

It other species the character of the egg membrane is quite differ-
ent, since it is often found that the whole surface of the egg membrane
18 very regularly perfo -ated by very fine canals, so that when it is viewed
in optic section under the microscope numerous fine radiating strie are
found traversing the membrane in a direction vertical to its external
surface. These stri are due to the presence of fine canals, which may
open at the apices of minute papille, as we find in the case of the mem-
brane of the shad’s egg; in other cases we may find the surface marked
a8 if Ly fine lines crossing cach other at definite angles. An egg mem-
brane which is minutely perforated, as above described, is known as a
2one radiata, a name proposed by Waldeyer.

The cod’s egg is without the zona radiata found inclosing the egg
broper of the shad, whitefish, and sculpin, and, inasmuch as it is un-
questionably true that a micropyle perforates the zona in a number of
these cases, it does not appear that sufficient grounds exist for the dec-
laration that a micropyle perforates the zona radiata alone, in the face
9f the fact that the vitelline membrane only is perforated in this one
1bstance,

Waldeyer holds that the vitelline membrane is a secretion {rom
the cells of the follicle in which the ovum is developed. Lereboul-
let regarded it as a chorion, a conception of it which has now been gen-
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erally abandoned. (Ellacher argues for its composite nature, as does.
Kupffer in the case of the herring’segg. Balbiani thiuks it best to adop!t
the name of egg-capsule for the covering of the egg, as by that means
he does not commit himself as to its origin.

The micropyle of the fish ovum was first observed in the egg of Syx-
gnathus ophidion, one of the pipe fishes, by Doyere, in 1849 ; the next ob-
servations were those of Ransom aund Bruch, 1855, and it was afterwards.
more fully discussed by the former.

The pore canals in the zona radiata were discovered by Johannes Miil-
ler in 1854.

Sars has counted the lamina in the vitelline membrane of the cod’s.
egg, but the writer has not been able to assure himself so fully upon this
point. Under ordinary conditions, when a portion of the membrane is.
examined which has been sharply folded upon itself, no such laminar
structure is visible until subjected for some tinme to the action of a 1 per
cent. solution of osmic acid, when the laminated strocture spoken of is
produced, but whether simply by the action of the acid or as a normal
feature of the structure of the membrane may be @ question.

Tbe immature ovarian eggs of the cod may be studied by taking an
ovarian lobule from the ovary of an adult female and placing if in a
compressorium under the microscop. Under a power of 150 diameters
we learn that, while there are many eggs one-balf or fully grown, there
are many more which are very immature, and are ounly revealed to our
vision by the aid of considerable maguification. Nor is this all; we find
that there may be three well-marked stages of egg development distin-
guished. These are best seen when the fragment of ovarian tissue bas
been subjected to sufficient compression to render the ova more apparent
by transmitted light, and if the observer will take care to use a 1 per
cent, solution of acetic acid, the nuclei of the unripe eggs will be brought .
into bold relief by the action of this reagent in o few minutes. He will
notice, first of all, that the immature ova measure all the way from a
little over 1m® down to a very few hundredths. The smallest ova are
involved in the fine cellular material of the ovary from which the eggs
themselves are slowly differentiated as the growth of the ovary proceeds,
when well supplied with blood and nutritive matter, previous to and
during the spawning term., When once large enough to be readily
distinguished from the indifferent cells which inclose them, the growing
cgg, or ovicells, are distinguished from the mature ones by inclosing
inside them a comparatively large and very granular rounded Dbody,
the nuclens or germinative vesicle, which frequently measures half as
much in diameter as the whole egg. The protoplasm which surrounds
the germinative vesicle is granular, qnite transparent, and of a yecllowish
or pale amber tint, while the vesicle itself is darker in color and more
opaque on account of its granular walls, The position of the germina-
tive vesicle ig always central in these immature eggs, and it is not until
the ova are approaching maturity that any marked change in its form
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or position oceurs. When the eggs are one-half or nearly full grown,
the protoplasm surrounding the germinative vesicle becomes uniformly
Corpuscular, and, hence, different in character from that found in quite
Young eggs. Such partly developed ova, when examined with reflected
“ght, appear whitish instead of a clear, transparent, yellowish tint,
8uch ag would be noticed in ripe eggs. This difference in color is due
toa change in the character of the plasma enveloping tho germinative
\'esicle, for immediately that the eggs are mature and ready to leave
the intraovarian cavity they acquire a remarkable transparency. This
must be due to a comparatively sudden blending of the protoplasmic
corpuscles of the egg into a homogeneous material, very like the white
or colorless albumen of a hen’s egg, but differs from the latter again in
that it becomes whitish,—coagulates when brought into direct contact
With water, It would be a matter of great interest to knew the chemi-
cal composition of the yelks of the ova of a large number of genera.
E(lually important it is to know what particular proteids enter into
their composition besides the oils and coloring matters characteristic of
tertain species. The yelk material of the cod’s egg in its change from
the Younger granular state is, however, not perfectly homogeneous, any
more than that of theshad. Here, as in that species, it is made up of very
Ininnte corpuscles, which are themselves very transparent and involved
In g clear plasma. I have never isolated the flat, somewhat crystalloi-
dal bodies which have been observed in the eggs of Cyprinoids. This
Proteid has been named ichthyine by Valenciennes and Fremy. Such
Ovoidal bodies constitute almost the entire bulk of the ova of the Amer-
Iean Cycloganoid, Amia calva, as I have had the opportunity to learn
Tom an examination of a fresh, nearly mature ovary of this fish in New
York in February, 1882. It is not a little remarkable that, amidst
all the diversity of color and size of the ova of Teleostean fishes, weo
should also find differences in the microscopic character of the yelk of
t?e different species; a fact which ought, once for all, to be sufficient to
Silence g mischievous class of compilers who insist upon asserting that
_the germs of different specics of animals are so nearly aliko as to be
Indistinguishable from one another. The office of the yelk is to supply
lutrient matter to the embryo which is superimposed upon it, and the
me.mbranes of which completely inclose it. We may inripe ova distin-
guish, first, yelk corpuscles, these again sometimes aggregated into large
gmn}llar bodies, which may themselves be involved in a meshwork
e(fntmuOus with the cortical layer from which the germ disk is derived.
Flna.lly, oil drops may be present in many other forms, such as Hip-
» ocampus, *Siphostoma, Cybium, Parephippus, and all Salmonoids which
ave cver observed, to which we may add Cyprinodonts and some
?I'COids. Ixceptions in regard to structure occur, however, cven
Within the limits of families ; for example, the cod’s egg is without any
011. drop, while in another Gadoid, Brosmius americanus, the eggs con-
tain g large pinkish oil drop, placed eccentrically, like thﬁt of the Spanish
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mackerel, which, ds in the latter, no doubt causes the ovum to float
during development.

With the further growth and maturation of the ovicells in the lobules
of the functionally active ovary it Lecomes possible, after they have
attained the dimensions of about 3™, to discern that each one is in-
closed in o more or less well-defined covering of small cells; the ovisac,
ovarian capsule or follicle, in its early stages at least, is often, if not usu-
ally, composed of flattened or of columnar cells. The history of the de-
velopment of the ovary in bony fishes is not well known, and little has
been written upon the subject of a satisfactory character, except more
recently Ly McLeod, Waldeyer, and Brock, from whose researches it
would appear that the ovary malkes its appearance as a differentiation
of two bands of peritoneal epithelium placed on the dorsal side of the
body cavity, on either side of the mesentery. So far as known, the early
development of the generative tissues is similar in sharks and true
fishes. The bands of primitive germinal cells are known as the germi-
nal epithelium. The reproductive cells are distinguished from the ad-
jacent indifferent epithelium at a very early stage, and are known as
primitive ova. Thesc primitive ova or germinal cells become cither ova
or spermatozoa, it being impossible to distinguish what will be their fate
when they first make their appearance. In some forms the primitive
ova are soon aggregated into masses, which break up into ampulle,
which are afterwards attached to tubes derived from the smaller invest-
ing and indifferent cells. In most Teleosts the ovary in a developed state
is lobulated, cach lobule consisting of great numbers of ova in different
stages of development. These lobules may be arranged in a longitudi-
nal or transverse manner; the latter appears to be the most usual mode.
Tt is doubtless true that in some fishes the ovarian lobules, when trans-
versely arranged, correspond more or less closely to the muscular and
vertebral segments.  In other cases no such arrangement is apparent;’
the germinal fold mnay be rolled upon itself longitudinally, or the ova-
rian rudiment may appear to be derived from the anterior portion of the
dorsal peritoneal wall of the abdominal cavity, as in Gambusia patruclis,
since in embryos of this species which have not yet absorbed their yelk-
sacks wé may sce the primitive generative structures as a pair of cylin-
drical organs lying in the upper part of the abdominal cavity, attached
to the peritoneumn only at their anterior ends. Later, when the ovary
is developed, no trace of lobulation is apparent, and the small number
of ova whieh are matured remind one of a bunch of grapes attached to
the stem, the latter representing ideally the vessels whicl nounrish the
growing ova. Inother forms the arrangement is very different. In
the cod the ovary is enormously developed, and is an internally lobu-
lated and closed, paired organ, opening outward by way of a wide duct
behind the vent; the body of the ovary itself extends some distance
‘behind the vent into a prolongation of the abdominal cavity, where its
two halves are conjoined. In very immature stages of development of
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the ovary, in Teleosts in which this organ is lobulated, I have never
seen any evidence of the tubulation met with in some vertebrates. With
the male organs it is different; here seminal tubules are devcloped ina
very (istinet manner. The lobules in an immature state in reality ap-
Dear to represent folds of the germinal epithelium, on the exterior sur-
facé of which the ova develop in their sacks, which rupture when the
Ova are mature, allowing the latter to fall into the intraovarian space,
Where the ovary is a closed saccular organ, or into the abdominal cavity,
35 in Salmonoids and lampreys. The ovarian leaflets or lobules in an
Immature state show a very distinet median vascular stem, from which
Fhe blood supply for the individual follicles is derived, as may be seen
In the immature or undeveloped ovary of Alosa sapidissima. The fol-
licles themselves serve at once to contain the growing egg, and by means
Of a net-work of fine capillary vessels, which traverses its substance, to
Supply it with proteids, an accumulation of which the egg really repre-
Sents. The follicle may be greatly modified, as in Gambusia patruelis,
a viviparous form. Here it is apparently structureless, as far as I have
een able to make out; but in reality it is probably covered by a
lifb'er of much flattened cells, which, together with an extremely thin
Vitelline membrane underneath, form the walls of the follicular capillary
Det-work, the blood cells within which, with their nuclei, are clearly
S}}OWD in hardened and stained preparations. But these are the only
h‘StOIOgical elements which can certainly be made out. The capillary
let-work is distributed from a thickened annulus at one pole of the fol-
}lcle, where the afferent nutrient vessel enters and the vein passes off.
Through the annulus above allnded to there is an opening, the follicu-
T pore, which is variable in size, and answers to the micropyle of the
©ggs of other fishes. Through this pore the milt of the male apparently
finds aceess duaring the act of copulation. Impregnation is thus accom-
Plished within the ovary of the female, and development of the embryo
Proceeds as in oviparous species. The follicle, however, now acquires
2 new function, in that it not only serves to develop the egg until a
Wobile embryo is produced, but also functionates partly as the embry-
onie envelope, and partly as a respiratory structure, by means of which
the exchange of gases necessary to the life of the embryo is accomplished.
.Vhether any actual conveyance of nutriment from the maternal organ-
Istn during this intrafollicular development of the embryo takes place
IS extremely doubtful, in that wo find the yelk-sack with its vessels
d?"eloped just as in many species which develope oviparously. Res-
Diration ig undoubtedly effected, however, by this quasi-placental appa-
ratus of Gambusia, for we find the vascular apparatus of the emmbryos
very highly developed long before their escape from the follicle; in
fact, the branchial leaflets are already so far developed as to be pinnate
In Structure, with vascular loops formed in the pinu®, a condition of
affairg not usually attained by the embryos of oviparous forms until
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after a considerable time, several days or even two weeks after hatching,
aceording to the species.

The mucus usually found in the functionally active ovary, completely
covering the ova which have fallen into the ovarian cavity, is of consid-
erable interest. Its origin is somewhat obscure, but.it is in the highest
degree probable that it is derived from the follicles at the time of their
rupture and the escape of the eggs. It is evidently a lubricant to facil-
itate the escape of the ova from the ovarian cavity or abdomen into the
open water. In other cases, where the ova are enveloped in an adhesive
mucous material, as in the cases of Perca, Cotius, Idus, Esocv, Clupea,
Pomolobus, Apeltes, etc., its function is altogether different, and serves,
in addition, either to glue the eggs together in masses or bands, or to
cause them to adhere firmly to fixed objects in the water. Sometimes
the eggs adhere in ribbon-like masses, such as is said to be the case with
the eggs of the perch (Perca flavescens). Mr. G. . Dunbar reports in the
American Naturalist that the eggs of Afractosteus are held suspended
in a thick, jelly-like substance, forming long ropes several inches in
diameter, which are hung on old snags, roots, or branclhes of trees that
have fallen into the water. The spawn has much the appearance of
that of the frog, with the exception of the form it assumes and the size
of the eggs. Other contrivances for the suspension of fish ova have
been described by Haeckel and Kolliker, and more recently more fully
investigated by myself in Tylosurus, Hemirhamphus, and Chirostoma,
counsisting of a garniture of fine filaments which partially clothe the sur-
face of the membrane. These filaments are developed within the ova-
rian follicle as processes of the euvelope of the egg, around which they
are closely coiled until brought into contact with water. The peculiar
mucus which hardeos under water is probably also developed as a se-
cretion of the ovarian follicle in most cases; in others there doubtless
exist glands which secrete this material, in the same manner as we find -
a special secretory sack in the male of Apeltes, from which the naterial
for the fibers is derived with which the animal binds together the parts
of its nest.

As far as my own investigations enable me to judge, the history of
the process of the maturation of the ova of bony fishes in general is
very similar, but there are modifications of the process, the nature of
which can only be ascertained through a study of the growing ovaries
of represeutatives of the various families known to the ichthyologist.
It is probable that even this will not suffice, for the most unexpected
peculiarities are found to be very characteristic of the eggs of a species
closely related to some other. As an example of this, the egg of the
shad may be mentioned as differing very greatly from the egg of tho
herring, in that the former has a very*much more spacious breathing
chamber surrounding the vitellus or yelk than the latter. It is not ad-
hesive, a characteristic by which it may be again distinguished from
the egg of the herring. Such peculiarities are no doubt related to some






