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.




{3] EMBRYOGRAPIY OF OSSEOUS FISHES, 457

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



[9] EMBRYOGRAPHY OF OSSEOUS FISHES. 463

8pecial physiological characteristics, about which it is very importantthat
Practical fish-culturists should be informed, in order that they may be
€habled to handle the eggs intelligently.

The existence of a second nuclear body in immature fish ova has been
asserted by Balbiani and Van Bambeke. Balbiani speaks of it as the
Césicule embryogéne, a nawe given to it by Milne-Edwards, and he fig-
Ures it in the immature ovarian eggs of Pleuronectes limanda, lodged in
4 depression at one side of the vitellus. He has also detected it in the
Unripe ova of the carp, pike, perch, and Cottus levigatus, by the use of
4cetic acid. The writer has not seen this accessory vitelline nucleus in
the ovarian eggs of any species studied by him, although working with
the same reagent; there is a possibility, however, that it nay have been
QYerlooke(l. This body corresponds to the accessory nucleus originally
discovered by Von Wittich in 1845, in the eggs of spiders, and called a
Vitelline nucleus (Dotter-kern), by Carus in 1850, which name is in gen-
eral use by German investigators; Van Bambeke speaks of it as the

_Ducleus of Balbiani. Reiterated attempts at a demonstration of this
accessory nucleus have failed with me; I havo seen what might be taken
for it, but wounld not veuture to assert that what I saw was normally
characteristic of young ova, such as some of the investigators alluded
to above have evidently used. The immature ova of Anguilla vulgaris
have given me good opportunities to study the structure of the nucleus
Or germinal vesicle, in which, however, I find nothing very different
from what has already been described by Beale, Rauber, and others.

he nucleoli adlerent to the wall of the germinative vesicle in the ovi.
cell of the eel are, I find, very numerous. Ama@boid movements and
changes of form of the nucleolus or gertinative spot have been de-
Scribed by Eimer* in the immature eggs of Silurus glanis and the carp.
In these the germinative spot, which is included by the germinative
Vesicle, underwent great changes of shape in comparatively rapid sue-
Cession, throwing out prolongations in different directions, and then
f"'it-hdrawing them again, like an Ameba. The germinative spots of the
imature ova of Gambusia show these movements. The germinative
Vesicle itself, in fact, may undergo slight spontaneous changes of form,
and in stajned preparations, especially where safranin has been used, a
Considerable variation of form may be noted, and evidence of a thick
Buclear wall also becomes pretty clear in many immature ova. Nuclear
changes are, howover, now known to be very generally manifested by
all kinds of cells.

Recently a more careful study of the germinative vesicle of ova in
&eneral Lias revealed the fact that its substance is traversed by granu-
lar threads, which anastomose with each other and tend to connect the
Walls of the vesicle and the germinative spot or spots together, just as

48 been found to be the case with ordinary cells of all kinds where
'Le\vall of the nucleus and the globular nucleoli are found to be joined

“Arch. f. Mik. Anat., XI, 1875, pp. 325-328.
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in this manner. This structure has been called the nuclear net work or
reticulum. Such reticuli have been observed in the germinative vesi-
cles of the eggs of Hydra, star-fishes, sea-urching, and fresh-water mus-
gels; by the writer in the eggs of the clam, oyster, common slipper
limpet, and gar-pike; by Van Beneden in the ovarian eggs of batsy
by Balfour in the ovarian eggs of sharks; by Rauber in the ova of osse-
ous fishes; so that their occurrence is probably almost universal through-
out the animal kingdom. Not only are egg-cells found to have such
reticuli developed in their nuclei, but they are also found developed in
white blood corpuscles and many other kinds of histological elements.
The extraordinary similarity in the character of many of these reticuli
is very striking, and argues for the existence of a similar cause in their
production in the diverse forms in which they occur. In Flemming’s

. elaborate researches uuclear forms of such complexity have been de-
seribed as to put one’s credulity to the test, but more recent investiga-
tions of my own with his methods have convinced we that such struct.
ures (o exist, and that we have hitherto missed them only for want of
the means of demonstranon.

The fate of the germinative vesicle when the egg has reached matur-
ity is still involved in some obscurity as far as concerns the eggs of
tishes. That it disappears before the egg leaves the follicle in which it
was developed there can be but little doubt, for as soon as the ripe
egges have fallen into the intraovarian cavity they are found to have
lost all trace of the conspicuous germinative vesicle or nucleus which
was 80 characteristic of them in their immature condition, and to have
acquired a transparency and homogeneity in which no trace of a nu-
clear body can be made out with the most cautious use of reagents. In
this, Hoffmann has been more fortunate than myself. This is conspicu-
ously the character of the ripe egg of the cod. When first removed
from the ovary, the vitelline membrane is somewhat lax, but as soon as
it is placed in water it slowly absorbs it through the micropyle, and
soon becomes tense from an imbibition of that fluid, which occupies a
space all around the vitellus between it and the vitelline membrane.
Impregpation seems to be necessary in some species before any water
can be absorbed; this is especially the case with the ova of the shad,
but is in a lesser degree necessary in the case of the cod. Practically,
these facts are of great use, as in the instance of the shad, where the egg
acquires several times its original dimensions, and when impregnated and
‘water-swollen” it is said that the eggs have ‘risen,” which may be
taken as a very sure indication of the fact that impregnation has taken
place. The same eggs unimpregnated will not become ¢ water-swollen”
until a much longer time has elapsed, a very large proportiou of them
not at all, which shows the remarkable influence exerted by the en-
trance of the spermatozoa through the micropyle upon the power of the
egg membrane to absorb water. It would appear as if the spermni-
tozodn, in making its entry, bad opened a passage-way for the water.
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Such an effect upon the micropyle is conceivable, though we are at a
1088 to understand the function of the pore-canals, should it be true
tha.t the entrance of the spermatozotn would cause the micropyle to re-
ain permanently open. Johannes Mijller believed that he had dem-
Onstrated that they were tubes, and with careful manipulation it has ap-
Peared to the writer that he could see through the individual canals
When piece of canaliculated egg membrane was placed flatwise under
_t‘he microscopo and viewed with a high power of good definition. This
18 also the opinion of Allen Thomson, expressed in the article “Ovum?”
In Todd and Bowman’s Cyclopedi® of Anatomy and Physiology.

The imbibition of water by an unimpregnated fish egg appears to be
largely due to osmotic action. 1f an impregnated egg is placed ina
fluiq having a great affinity for water, such as alcohol or glycerine, the
membrane tends to collapse at first, owing to the rapid extraction of the
Water from the cavity of the enveloping membrane; as soon, however,
a8 the balance of osmotic action is restored and the contents of the en-
velope become as dense as the surrounding fluid, the membrane becomes
full and tense as at first. This tendency of the membrane to reassume
the tense or full condition is doubtless due to the capillary action of the
Pore canals of the membrane, where such oxist.

In the freshly laid@ unimpregnated ova of both the cod and the shad
oue may look in vain for a germinal disk such as had been described
by various authors in the freshly laid eggs of other specios of fishes.:
Even after the egg of tho cod has lain in water for some hours there is
very little change in the relation of the germinal matter and the yelk.
The former covers the yelk as a thin layer of absolutely uniform thick-
Dess, as shown in Fig. 1, anl differs from the yelk ouly in color, be-
Ing yellowish, tending towards amber iu tint. The distinctness of this
external germinal or cortical layer of authors in the cod’s egg is more
decided than in any Teleostean ovum which it has been my privilege to
Study. The germinal protoplasm shows a double contour under the
}nicroscope outside of the yelk, and is as sharply limited as if it were an
Independent envelope. This germinal layer is further distinguished
from the yelk which it incloses in that it has refringent globules or ves-
lcles imbedded in its substance, as shownin Fig.1. In Figs.2and 3 these
Vesicles are shown more magnified, and are seen gathered together in
clusters. In Tig. 4 a portion of the germinal layer is shown in optic
St}ction, and represents the vesicles lying next its outer surface. The
dlsappearance of these vesicles is comparatively rapid, and appears to

© effected in the following manner: Those in close proximity to each
Other coalesce and form larger vesicles, and are thus reduced in num-
ber, and finally disappear altogether Ly rupturing their outer walls next
Phe outer surface of the germinal layer, possibly expelling their contents
Into the respiratory or breathing chamber surrounding the vitellus.
This view is only theoretical, however, as the writer failed to discover
What became of them by actual observation. As long as the egg was

8. Mis. 46—30
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not brought in contact with the male spermatic fluid the outer pellicle
of germinal matter retained the disposition shown in Tig. 1, with its in-
cluded vesicles, but as soon as the egg was fertilized, or shortly thero-
after, the vesicles were seen to grow larger and less numerous, because
the clusters were coalescing and apparently being expelled from the
germinal matter. So great was the influence of the presence of sperma-
tozoa that those eggs in contact with them began to change almost im-
mediately, while unfertilized ova retained their vesiculated germinal
layer unchanged for four hours after their removal from the ovary of
the parent fish.

The disappearance of the vesicles above described was therefore an indica-
tion of the fact that impregnation had taken place.

Since the foregoing was written the writer has observed similar phe-
nomena in the ova of Tylosurus, Elacate, and Cybium, in all of which the
development of the germinal disk is effected by the aggregation of the
germinal pellicle at one pole to form the germinal disk. The same is
true of the eggs of the braunch herring, Pomolobus vernalis, and the shad.
The germinal pellicle is, moreover, part and parcel of the intermediary
layer of Van Bambeke, couche haematogéne of Vogt, and parablast of
Klein; the germ disk and the yelk hypoblast are both derived from it,
ag we shall learn farther on. It includes both of the latter, and the
names bestowed upon the cortical layer by different embryologists sim-
ply serve to denominate what was at first a part of the germinal matter
of the egg and afterwards becomes the envelope of the yelk.

Balbiani states that Agassiz and Burnett recognized cvident traces
of segmentation in the unimpregnated eggs of certain American fishes
of the cod family. As the writer has Dbeen unable to find the original
of this statement, it will be of little use to discuss the matter in the ab-
sence of all evidence to contirm the observation, for, as not even a ger-
minal disk was developed in unimpregnated eggs of the cod after four
hours bad elapsed, in impregnated ova it was appreciably developed
one and a half hours afterwards ; it follows that it is not probable that
any true cleavage of the germinal disk of this species ever takes place
without the influence of the spermatic particle.

That the germinal disk is formed independently of the influence of
the spermatozotn in many other species there cannot, however, be the
slightest doubt. I have witnessed this phenomeuon in the eggs of Chi-
rostoma, Morone, Parephippus, and Ceratacantlhus, whileitis knownto take
place in many other species investigated by Taropean authors, but the
disk appears in some cases at least to have been differentiated before
it leaves the intraovarian cavity, as in some Salmonide, for example.

In order to ascertain more definitely the nature of the minute vesicles
inclosed in the germinal layer, a number of unimpregnated ova were
placed in dilute acetic acid, which Lad the effect of freeing the outer
germinal pellicle from the yelk. The pellicle was then carefully removed,
and stained with hasmatoxylon and mounted; the protoplasm interven-
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ing between the vesicles was the only portion which would stain, the
Vesicles remaining perfectly transparent. From this it was concluded
that the contents of the vesicles were not protoplasmic or nuclear, but
some indifferent fluid. When immersed in alcobol or ether no change
Was noticed, so that it was highly improbable that the vesicular contents
were oily. .

His has observed that the oil globules of the salmon egg are sur-
rounded by an albuminous envelope; this is probably only a continua-
tion of the protoplasm of the germinal layer, as the oil always has a
Superficial position in these forms and is not deeply imbedded in the
yelk, as in Brosmius, Cybiwm, Parephippus, and Elacate. Meischer has
also shown that His is wrong in his belief that the rose-colored oil of the
salmon egg is composed of lecithin, but is an oil not coagulable at
1000 C. nor under the influence of concentrated acids, insoluble in alkalis,
very soluble in ether and alcohol, and is invariably removed from ova
Preserved in a strong solution of the latter. If tho egg has been pre
viously hardened in chromic acid, and sections are prepared, I find that
the places formerly occupied by the oil spheres are shown as circular
openings around the edge of the section next the yelk envelope. The
f)il is almost instantly blackened by osmic acid; in the unchanged state
it swims upon the surface of the water when a fresh egg is crushed and
the oil allowed to escape.

3.—FATE OF THE GERMINATIVE VESICLE.

The observer sought in vain in these stained preparations of the ripe
unimpregnated eggs for the germinative vesicle, and equally fruitless
were his endeavors to discover this structure immersed in the yelk be-
neath the germinal disk after tho latter had been formed. Itisbelieved,
Fherefore, that it has been broken up before the egg has escaped from
1ts follicle in the ovary, and that its remains have rearranged themselves
In sgome way in connoction with the germinal matter. No advance of
the germinative vesicle towards the periphery of the egg was ever ob-
sérved in the immature egg, or in those nearly mature,.so that it is sur-
miged that the process of breaking up takes place with comparative
rapidity, Kupffer’s search for the germinative vesicle of the ovam of
thﬁ herring was, according to his own account, as fruitless as my own
With the cod’s egg. Like the ova of birds, those of fishes seem to lose ~
their germinative vesicle before they leave the follicle in which they
Were developed. It is a most remarkable fact that in some types, mol-
lusks, e. g., the germinative vesicle—egg nucleus—should persist in a
central position after maturation, and in others, as, for example, in the
0va, of Elasmobranchs, Teleosts, and Awves, it disappears or is metamor-
Phosed by tho time of maturity and before the egg has left its parent
follicle, Again, it is equally remarkable that in some forms the polar
cells are developed independently of impregnation, while in others the
Luclear metamorphosis attendant upon the development of the polar
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cells never precedes the conjugation of the egg and the spermatozoon, as
appears to be the ease with the eggs of Ostrea virginica and 0. angulata.
The aceount given by (Ellacher of the disappearance of the germinative
vesicle in the egg of the treut will evidently not hold for that of the cod,
where there is no germinal disk developed at the time of the maturation
of the egg. Here, as in the shad, the vesicle has already disappeared
as such While the egg was still within the follicle, but my efforts to study
the metamorphosis of the germinative vesicle in ova of varying grades
of maturity in the lobules of the ovary led me to no definite or valuable
conclusions. The ripe eggs lose the whitish color of the less mature
ova which still have the germinative vesicle imbedded in their centers.

(Ellacher has given the following account of the disappearance of the
germinative vesicle in the egg of the trout: ‘“The germinal vesicle ap-
proaches the periphery of the egg and is enveloped by the germinal
matter while still within the follicle. The germinal vesicle of the trout
egg recently escaped from the follicle is, according to my observations,
wholly eliminated. I have described the whole series of phenomena
which occur during this elimination in Max Schultze’s Archiv fiir mik-
roskopische Anatomic, Vol. VIII, and figured in different phases of the
same. The process is briefly as follows: In the egg recently freed from
its follicle the germinal disk is aggregated at a certain time in a de-
pression on the surface of the yelk sphere. In it the germinal vesicle is
embedded, opening on its surface by a fine pore. The thick wall of the
vesicle, which is traversed by fine pore canals, and in close contact with
the germinal matter, begins to manifest contractions, is ruptured, and
is finally spread out upon the surface of the germ in a circular form.
By this means the contents of the germinative vesicle, in the form of a
finely granular spherule, are eliminated from the germ. I once observed
that the contents of the germinative vesicle were divided into two
unequal spheres.”* (Ellacher theu figures the case of a trout egg in
which the germinal vesicle has divided, and has been expelled from the
germinal disk as two dissimilar globular bodies. These two bodies may
well be the two polar cells of other embryological writers. It seems to
me highly improbable that an actual elimination and dissolution of a por-
tion of the substance of the egg takes place, such as is here described.
‘We will describe further along what may possibly be regarded as polar
cells in the cod’s egg. The early contractions of the germ disk of the
trout are well described by (Ellacher, and seem to be usually met with
by investigators who have studied the development of fishes. The polar
cells of the shad egg, or what I at one time regarded as such, I now think
are probably a result of abnormal development, and not to be considered
in this connection.

Salensky,t in his preliminary account of the development of the ster-

* Zeitsoh. f. wiss. Zoologle, XXII, 1872, pp. 406407,
t Zaologisoher Anzeiger, I, 1678, pp. 243-244.
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let, has given the following account of the changes undergone by the
germinative vesicle:

“The germinal vesicle is embedded in the germ disk, and is 8o large
that it may be seen with the naked eye; it is without a wall, and con-
Bists of a glairy substance, which hardens in spirits, and is only sepa-
Tated from the surrounding plasma of the germ by a denser layer of
Protolencite [germinal protoplasm].

“During the first hours after oviposition one can no longer distin-
guish the germinal vesicle; and in its place a number of small isl-
ands may be observed, consisting of more transparent matter, which
are scattered through the germinal mass, and which in their structure
are quite similar to the germinal vesicle. The identity of the sub-
Stance of these islands with that of the germinal vesicle indicates
that the latter, even before impregnation, breaks up into a number of
parts; a phenomenon which is analogous to what occurs in other ani-
mals, as in echinoderms, for example, as described by several investi-
8ators (0. Hertwig and Iol).

“Impregnation is indicated by the appearance of a clearer discoidal
mass at the upper pole of the egg, and consists of a transparent, almost
homogeneous substance, which corresponds to the veil-like body of the
amphibian ovum described by Hertwig. We may retain the name
Proposed by Hertwig for this structure. On the surface of the veil-
like body a vast number of spermatozoa may be noted, with their
heads directed to the outside and their tails in the opposite direction.
tl‘lle veillike body lies so closely against the surface of the egg that it
i8 difficult to make out a separation between thewm; it attains its great-
est thickness at the upper pole of the egg, and grows downwards in the
form of a strand into the germinal mass; towards its margin the veil- -
!ike body gradually thins out. The surface of the germ at the time of
Impregnation appears to be very strongly pigmented. At the upper
Pole of the cgg this pigmentation is most marked. The pigmented
fnaSS, which appears in that position as an elevation, depends inwards
into the germ and forms a band, which, from its analogy to that de-
scribed in the ova of amphibia by O. Hertwig and Bambeke, may also
be called the pigmented tract (Pigmentstrasse). It is very possible that
this indicates the pathway by which the spermatozoa penetrate the
cgg. . '

“The entrance of the spermatozoa I could not observe. For the ob-
Servation of this phenomenon the eggs of the sterlet are not well
adapted. In the earliest stages observed by me I found a clear spot
at the lower end of the pigmented tract which was evidently nothing
Iore than a portion of the future segmentation nucleus, and therefore
the male pronucleus. This body was without a wall, and consisted of.
4 finely granular, trausparent substance, and was covered above by pig-
lent granules. The formation of the female pronucleus (Eikernes, O.
Hﬁrtwig) oceurs at the expense of the islands already alluded to, one
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of which approaches the male pronucleus, becomes more nearly round,
and finally agsumes the ovoidal form of a nucleus. In the course of
further development the two pronuclei approach each other more closely,
and finally blend together into one nucleus, which represents that of
tho first cleavage, and in its histological characters is perfectly like the
pronuclei; it is without a wall, and consists of finely granular, almost
homogeneous matter.”

Schenk’s account of the metamorphosis of the germinal vesicle of the
ray is somewhat like that of (Ellacher’s regarding the trout, except
that he does not state that it is eliminated in a similar manner. Alex,
Schultz asserts that the appearances seen by Schenk are the result of
the action of reagents.®

4, —~DEVELOPMENT OF THE GERMINAL DISK.

As already remarked, the vitellus of the cod’s egg is composed of &
thin external layer or pellicle of germinal matter, which incloses the
yelk substance, which forms by far the largest proportion of the whole
vitellinemass. The outer pellicle (Dotterhaut of (Bllacher; couche inter-
médiaire, Van Bambeke) may be regarded as the protoplasm from which
the germ is formed, while the contained yelk, which is broken down into
leucocytes during development and later embryonic growth, is the deu-
toplasm. These structures are the homologues of similar parts in other
Teleostean eggs as well as in those of the Chondrostei, or sturgeons, as
we perceive by the description of the ova of the latter by Salensky.
The layer pr and the contained mass d of Fig. 1, pl. I, correspond to these
two elementary portions of the vitellus of the cod’s egg.

The formation of the germinal disk of the cod by a kind of amaeboid
migration of the peripheral germinu]l matter towards the lower pole of
the egg is one of the most remarkable phenomena in the history of the
development of Teleostean eggs which has hitherto been recorded. The
am®boid movements which accompany the development of the disk are
most striking, and cannot fail to arrest the attention of the observer, in
that as soon as a perceptible thickening or acenmulation of germinal
matter has gathered at the lower pole, the germinal protoplasm mani-
fests active changes of form, due to its contractility. These pass over
the incipient disk as waves of contraction, and accompany the process
of development of the disk long before any sign of segmentation has

» In this connection I may remark that chromic acid, fellowed by alcohol, or the first
alone, will sometimes produce changos in the yelks of fish ova of a very remarkable
character. In illustration, I recall the alterations so induced in the yelksof the eggs
of tho shad. Sometimes the effect produced by the shrinking and coagulation of the
deutoplasm is to develop o complex system of anastomosing canals and spaces, which
at first look like as if they were truly normal features in sections. Further investiga-
tion has con¥inced me that these tubular cavities are purely the result of the action
of chromic acid upon the proteids of the yelk. Doubtless, structures of this kind
have misled other investigators, judging from observations which are upon record.
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been manifested. With this accumulation of the germinal matter the
corresponding pole of the egg also becomes heavier. '

In its singular progressive movement the germinal layer is observed
to become thicker at the lower than at the upper pole of the egg, and
to bulge upwards into convex eclevations on its inner surface next the
yelk. This migration proceeds until the yelk at the upper pole is
almost exposed, as in Tig. 6, which shows the relation of the germinal
matter to the yelk oue and a half hours after impregnation. While there
are no oil spheres present to buoy up the eggs, as in the mackerel and
moon-fish, the specific gravity of the germinal matter is greater than
that of the yelk, so that it always assumes a position on the lower sido
of the yelk. Should the egg be turned round so as to bring the disk
Uppermost, the yelk will be gradually turned by the gravity of the disk
until the latter regains its nethermost position. During its migration
the germinal protoplasin eventually arranges itself in radiating bands,
which sometimes anastomose, and all trend towards and join the edge
of the incipient disk below. Later these bands develop nodes or en-
la"gﬁments, pra, along their courses, as shown in Fig. 7, and pour their
substanca into the disk, which is now detined three Lours and forty min-
utes after impregoation. If a granulein one of thesc bands is watched
for a, time it will be noticed that it exhibits a more or less decided pro-
gressive movement.

At the time the disk is defined its inner surface at first preseuts irreg-

‘ular rounded elevations, which gradually subside, when the under side
of the disk becomes flat. Then the outer surface of the disk is clevated
into oue or more large rounded, prominences, which in like manner even-
tually disappear. These are some of the amabal phenomena already
alluded to.

1t is very important for us to make a distinction here between the
mode of formation of the germiual disk of the cod and that ot the Clu-
beoids, as worked out by Kupfier and myself, and of T'inca, as desceribed
_bb’ Van Bambeke. It would appear that we concur in the opinion that
in the latter more or less protoplasm destined for the development of the
germinal disk is derived from the center of the vitellus, into which, as
may be seen in the ova of Alosa, Clupea, and Pomolobus, the external
germinal layer sends processes which in the shad and braunch herring
look like hyaline roots passing down amongst the yelk spheres. At
4 later stage of develop:nent this arrangement scems to disappear,
and the velk spheres, although still evidently invelved in a meshwork
of germinal matter, do not Lave the same amount of the latter insin
uated between them as at first in the vicinity of the developing ger-
“‘.illill disk. On the other hand, in the eggs of Gadus, Tylosurus, Cy-
Yium, Elacate, and Parephippus, the germinal matter forms a distinct
duter coating over the vitellus, and these forms do not have auny dis-
tinetly marked yelk spheres, as in Alosq, involved in germinal proto-
Plasm, except in the case of Elacate, where the yelk spheres are very
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large and few in number. What is meant here by the tern yelk spheres
must also be explained. We denominate as yelk spheres those large,
finely granular masses of protoplasm which are involved in a delicate
matrix of germinal protoplasm. The ultimate granules or spherules
which compose these spheres or yelk masses are altogether different,
vagtly more minute, and are the same as what we have called yelk
spherules and granules. The large yelk masses are very clearly scen
in the shad’s egg, that of the herring, and in Elacate, but not so clearly
in any other forms known to me. In many types the yelk is almost
homogeneous under a low power. In Cyprinoids it is finely granular,
and again wholly different from what is seen in the eggs of Clupeoids
and Gadoids. These distinctions aro important, and not less so is the
distinction drawn between the mode of formation of the germinal disk
of the Gadoids and Clupeoids. The germ disk of Gadus is wholly devel-
oped from the external germinal layer of the vitellus, that of the Clu-
peoids is apparently not entirely so formed, but derives part of its sub-
stance from the protoplasmic matrix involving the large yelk spheres
or masses below it.

The germinal pellicle, cortical layer, has certain common clferacters in
all the forms, however ; these are its superficial position and the vesic-
ular or refringent bodies it incloses prior to the development of the disk.
In the eggs of the shad and of the herring the cortieal or germinal layer
containg large refringent bodies, different from the vesicles which occur.
in the same layer in the ova of Gadus, Tylosurus, and Cybium, in the last
of which I have watched their slow disappearance and apparent absorp-
tion into the surrounding germinal plasma. In this process they become
gradually smaller and finally disappear under the influence of impreg-
nation. It would seem as if these refringent structures were somewhat
similar to those seen in the germ of Acipenser ruthenus, and described as
islands by Salensky. In Clupea and Alosa, as the peripheral germinal
matter is gradually gathered into a depressed, somewhat conical germi-
nal disk, the refringent globules or spherules which were originally dis-
tributed over the whole vitellus become less numerous and mostly dis-
appear, except over a portion of the vitelline surface and in spots usnally
near the margin of the disk. After the disk has segmented into a large
number of cells and advanced somewhat beyond the morula stage, these
refringent spherules have disappeared entirely. The space figured un-
derneath the germinal disk in the yelk of the egg of Clupea harengus by
Kupffer is probably a product of the hardening reagents used, and is not
to be regarded as a latebra in the sense of the structure of that name.
found in the ovum of birds. Actual sections of several species of tishes of
very early stages of development have served to convinee me of the cor-
rectuess of this interpretation. Germinal matter which does not take
part in segmentation lies below the disk, as shown by (Ellacher, and ex-
tends over the vitellus as an almost structureless membraue, Dotterhaut
of (Ellacher. It is this membrane which protects the vitellus and forms
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2 coating over the yelk while theegg is developing within its membrane
or capsule, and even includes the yelk after the blastoderm has closed
over it, This yelk membrane or pellicle derived from the germinal mat-
ter forms the floor of the segmentation cavity. In the substance of the
m’embrane free nuclei also develop; these doubtless contribute by a pro-
Céss of intussusception to the formation of hypoblastic structures at
an. early stage of development, but later these puclei appear to give
origin only to blood cells, mainly in the form of lencocytes, except in the
case of Tylosurus, where the blood cells of the early stages are colorless,
but hemoglobin is soon developed, and finally, it would appear, con-
currently with their free germination from the membrane they are al
. Teady colored. The free nuclei are most numerously imbedded in the por-
tion of the yelk membrane or hypoblast in the neighborhood of the heart,
Dear the head, and at the anterior portion of the yelk-sack.

5.—IMPREGNATION OF THE EGG.

Of the history of this process in the Teleostean egg wo a8 yet possess
very few trustworthy observations, except those of C. K. Hoffmann.
This is in part due to the difficulty attending its study in an egg of such
a disproportionately large size as that of the fish with its large yelk,
and no observations have yet boen made upon this point with such suc-
Cess ag upon the eggs of mollusks and echinoderms, as, e. g., Limaz cam-
- Pestris, by E. L. Mark; Asterias glacialis, by Fol; and Toxzopneustes varie-
gatus, by Selenka. Hertwig, Flemming, and Bambeke have also contrib-
uted essentially to our knowledge of the process of impreguation. the
former and latter especially in relation to what occurs in the awphibian
°V}_1m. Almost all observers scem to be agreed that a single spermato-
Zodn only is requisite. This enters the egg either through a penetrable
membrane or through a micropyle, and blends at once with the plasma
of the egg, producing in this process of coalescence a clear space, sur-
rounded by granular rays in the vicinity, which hasbeen designated the
male pronucleus. This male pronucleus then blends with the female
Pronucleus to form the first segmentation nucleus, but the origin of the
?Gmale pronucleus, as described by TFol, is somewhat complicated. It
18 derived from the germinative vesicle by a complex metamorphosis of
t!“’ latter. The following is the series of events attending impregna-
tion and the order of their occurrence, essentially, as observed by Fol
aud summarized by Balfour: '

:1. Transportation of the germinal vesicle to the surface of the egg.

2. Absorption of the membrane of the germinal vesicle and metamor-
Phosis of the germinal spot and nuclear reticulum. '

“3. Assumption of a spindle character by the remains of theo gormi.
na} vesicle, these remains being probably in part formed from the germi-
hal spot,

“4, Entrance of one end of the spindle into a protoplasmic prominence
8t the surface of the egg.
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«5, Division of the spindle into two halves, one remaining in the egg,
the other in the prominence; the prominence becoming at the same time
nearly constricted off from the egg as a polar cell.

« 6, The formation of a second polar cell in the same manner as the
first, part of the spindle still remaining in the egg. :

«7, Conversion of the part of the spindle remaining in the egg into
a nucleus—the female pronucleus.

«8, Transportation of the female pronucleus towards the center of
the egg.

«9, Entrance of a single spermatozoin into the egg.

«10. Conversion of the head of the spermatozoin into a nucleus—the
male pronucleus.

«11, Appearance of radial strizz round the male pronucleus, which
gradually travels towards the female pronucleus.

€19, TFusion of male and female pronuclei to form the first segmenta-
tion nucleus.”

The foregoing accountis essentially the sequence of events asobserved
by Tol in Asterias glacialis. This series of events evidently does not
hold for all forms. Thus, in Hirudinea, Mollusca, and Nematoideaimpreg-
nation takes place normally before the extrusion of the polar bodies is
completed (Balfour), so that the event which stands as ninth in the pre-
ceding scheme would actually stand first, as in the case of the egg of
Ostrea, where no disposition is manifested to extrude polar globules
until the ova are brought into contact with the spermatozoa. In the
case of the lamprey, Kupffer and Benecke have shown that only one
spermatozoon enters the egg, but that others pass through the vitelline
membrane, and arc taken into a peculiar protoplasmic protuberance of
the ovum which appears after impreguation. In ova of Ostrea virginica
which have been killed and hardened in osmic acid the pellueid tract
which penetrates the egg for some distance in the vicinity of the polar
globules probably represents the axis of the amphiaster formed at the
time of the development of those bodies. I am well assured of the
fact that no tendeuncy toward a reorganization of the centrally placed
nucleus of the mature egg of the oyster is ever manifested until it is
brought into contact with spermatozoa. The egg of the osseous fish is
scarcely referrible to either of the foregoing categories; it has lost the
germinal vesicle as a central structure before it leaves the parent folli-
cle, and coincident with the development of the germinal pellicle or
germinal protoplasm which covers the yclk or deutoplasm, its substance
lLas probably been mostly transferred to that layer. As we now know
that the germ disk is formed at the time of impregnation or independ-
ently of it, it is to be supposed that in this process the germinative
vesicle or its remains may not improbably undergo & complex metamor-
phosis. Although I have not yet met with anything that I could regard
as undoubted polar cells, a minute prominence occurs on the disk of
the cod which may e regarded as such, or as an apparatus for the
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Teception of the spermatozodn, such as has been described by Kupffer
and Benecke in the egg of the lamprey. This structure is represented
in Fig, 7, Pl I, at pp.  in an egg of the cod, in which the formation
of the germinal disk has not yet been completed. Repeated observa-’
tion convinced me that I was not looking at an accidental feature, but
that it was constant during this and somewhat later stuges of develop-
lent antecedent to segmentation. The actual ingress of the spermato-
Z06n into the ovum I have never witnessed, although the cod’s egg is
ne of the best adapted of all fish ova for this purpose on account of
Its transparency and small size. If Fol's compressor is used, experiments
nay be very readily carried out undex the microscope, and if the upper
and lower plates of the compressor are kept far enough apart so as just
to allow the eggs to remain free and mobile within a few drops of water,
encircled by a ring of block tin or hard rabber, clamped by the cover,
?he eggs will always arrange themselves in one position, with the germ-
inal disk downwards and the yelk uppermost. This peculiarity enables
one to gee only the lower face of the disk through the large transparent
Yelk above it when the tube of the microscope is placed vertically, or
its edge, or in optic section, when the tube of the microscope is placed
hOI‘izontally, with the stage and compressor upright. To see the upper
Surface of the germinal disk of the live egg it is most convenient, in
fact necessary, to have an inverting prism attached to the mieroscope,
into the mounting of which the objectives may be screwed, 8o as to view
_the eggs from below. Nachet’s inverted mieroscope, used in chemicul
lvestigations, would answer well for this purpose. The sketches which
I have made were obtained from living eggs treated in this way, with-
out compression while confined within the area of a hard rubber or
metal ring, which served to hold the water and eggs in place when the
cover of the compressor was screwed down. Attempts made to wit-
Ress the entrance of the spermatozoa by the help of the above-deseribed.
apparatus, using very dilute mixtures of milt with water, were not
Buccessful. The proper mode of procedure, in order to demonstrate the
(':hanges by histological mothods, would be to take a batch of ova fresh
from the ovary and divide them into two lots. Impregnate the one lob
and allow the other to remain unimpregnated. Then take of both a
Series of specimens at intervals of two or three minutes and place them
In 4 dilute chromic acid solution to fix the nuclear and other protoplas-
i changes, so as to afterwards facilitate staining and the preparation
of Sections, and the satisfactory study of all the changes which the
Luclear matter of the germ has undergone until the time of the first
. Segmentation. A similar series of the unimpregnated ova would throw
Some light upon the history of the process of the migration of the
hucleus from the center of the egg, if taken in connect’on with the
Mivestigation of the mature and functionally active ovary with its pro-

uets in different conditions of maturity.

The complete disappearance of the germinative vesicle from ova in
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general previous to impregnation, had, for many years, received the
assent of many distinguisbed investigators, though not a few still hold
to the belicf that it did pot wholly disappear. The latter view is the
‘one now generally accepted by embryologists and rests upon several
series of investigations carried out Dy several observers with the great-
est care. Notwithstanding this some very eminent investigators still
hold to their belief in the total disappearance of the nucleus of the
ovum, and they base upon this supposed fact a very weighty argument
for their favorite hypothesis, which demands that all eggs during their
development shall pass through the moneron or non-nucleated stage of
development, in accordance with the doctrine that the development of
the individual must briefly recapitulate the development or evolution
in time of the race to which it belongs. This grand generalization prop-
erly conceived is truly important, but its more recent defenders have
overstepped the bounds of legitimate dednction and induetion in their
efforts to establish a consistent theory of animal evolution, in that later
researches have shown that the monerula stage of animal development
is not yet demonstrated.

Latterly it has been affirmed by Strasburger* that not only is omnis
cellula e cellula true, but that the truth of omnis nucleus e nucleo is nearly
equally well established. The chaotic monera and wurschleim of the
Haeckelians are justifiable only if they carry no grievous errors and
mischief into the sacred realm of science. The extensive discussion of
such points to the exclusion of the true methods of investigation has
called for several digests of the existing state of the facts in the case,
one of the best of which is that given by Mr. C. O. Whitman, in his
Embryology of Clepsine.t Modern histology, that is to say, what we
bave learned to know of cell development within the past decade, dis-
countenances most emphatically the doctrine of the existence of struct- .
ureless cells devoid of nuclei or nuclear matter. In fact, in addition to
the dictum of Strasburger, we owe it largely to Professor Flemming
that we have proof of the exceedingly complex metamorphosis of nuclei
in the most ordinary processes of growth. The dividing line between
the phenomena of growtly, cell development, and the early phases of
embryonic and embryogenetic development is certainly not as easily
made out in many cases as might be supposed, and if there were no
other argument against themonerula hypothesis, the facts of embryology
and histology alone would be sufficient to impel a candid person to at
least suspend judgment for the present.

Recent investigations upon the impregnation of the eggs of the lam-
prey (Petromyzon) by Kuptfer and Benecke show that there are two
polar cells extruded {from the germ ; oneis formed previous to, the other

*In an address delivered before the congress of German naturalists, at Danzig.
Puablished in French in the Revue Internationale des Sciences Biologiques, IV, No. 3,
1881.

t Quarterly Journal of Microscopical Science, July, 1878,
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after the entrance of the single spermatozodn which effects the fertiliza-
tion of the egg. Beside these there is a polar process, zapfen, which
originates from the middle of the germinal disk as a hyaline proto-
Plasmic band (awenstrang, Calberla), drawu out by adhesion to the inner
surface of the zona radiata from the center of the germinal disk when
?he zona is lifted up from the latter by the imbibition of the water drawn
1 through the micropyle or pore canals. Through this process a single
effective spermatozoon makes it way into the vitellus, when the hyaline
Process is withdrawn; a number of spermatozoa may enter the egg
thrOugh the micropyle and be enveloped by the hyaline process, but
they take no share in the impregnation. Calberla, on the other hand,
asserts that but one spermatozodn enters the micropyle and that the
tail is left behind, closing up the opening of the latter. In this Calberla
agrees with Fol's description of the entrance of the spermatozodn into
the egg of the star-fish. Scott says he has seen the second polar cell
described by Kupffer and Benecke at the germinal pole of the egg. Cal-
berla confirms almost fully the previous observations of A. Miiller on
_the mode of impregnation of the eggs of tho lamprey, but his views
ls“ regard to the fate of the germinative vesicle are not accepted by

cott, .

The prominence which we noted on the germinal disk of the cod’s
°gg is probably the representative of tbo extruded polar cells which
have been derived from the germinative vesicle. Itis not hyaline, as
the polar process of tho egg of the lamprey has been described to be,

ut is composed of granular protoplasin. The separate first polar cell
adherent to the zona radiata of Petromyzon, upon its inner surface, is
S0mething very different from the polar prominence observed in the
cod’s egg, which reminds one in its main features of the polar cells of
Iollugcan eggs. It is not so regular in form, however, as these, since
1t is scarcely ever, if approximately, the same shape in different eggs,
often having a jagged appearance or with minute points projecting
fPOm the two principal portions. But since the writer did not succeed
In witnessing the actual entrance of the spermatozoGn into the egg on
the breaking up of the germinal vesicle, the final interpretation of the
Bature of the prominefwe remains to be elaborated.

Prof, . K. Hoffinan, of Leyden, in the Zoologischer Anzeiger for 1880,
D_D. 607-610 and 629-634, gives the following as the result of Lis inves-
tlgations, at the zoological station at Naples, of the early stages of de-
Velopment of Scorpena, Julis, Crenilabrus, Heliasis, Fierasfer, Syn-
gn‘_“hu&, Hippocampus, Qobius, etc., but more especial attention was
Paid to the first two on account of the great transparency of the eggs
of those genera.

‘“ As to ovogenesis my observations fully agree with those of Wal-
¢yer, Brock, and Kolessnikow ; the primordial ova originate from tu-
ular invaginations of the germinal epithelium of the ovary. Tho

Ovarian egg during its whole development is covered by a granulosa,
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egg follicle, consisting of but a single layer of cells. At the time of
maturation, a fatty metamorphosis of the cells of the granulosa takes
place, which promotes the escape of the egg from the follicle. The
micropyle is always an open pore; it has a very wide external open-
ing and a very narrow inner one. The latter ends on an internal prom-
inence of the egg-membrane, which is a zona radiata. _The lumen of
the internal micropylar opening is so constricted that not more than a
single spermatozodn can pass through at one time, as was first ob-
served by His in the salmon.

“Tt is well known that the eggs of many bony fishes adhere to fixed
objects as soon as they fall into the sea-water. This is not always ac-
complished in the same way. In Heliasis, Gobius, Blennius, Belone, etc.
this is accomplished by long filaments, excrescences of the zona ra-
diata, which are not distributed over the whole of that structure, but
which are found only on certain portions; viz, in the vicinity of the
micropyle. In the herring and Crenilabrus the whole of the surface of
the egg is covered with an adhesive material. In the case of all ova
which attach themselves by these contrivances, the zona consists of two
layers, an inner and an outer one, the latter being adhesive, and split
off from the former to embrace the whole egg, or is developed in the
form of fibers, processes, and similar appendages. In contrast with such
forms, those ova which float or sink to the bottom, of their own weight,
do not seem to have such a differentiation of the zona into two layers.
It is highly probable that the zona is a secretion from the surface of
the ovarian egg, and that it is to be regarded as a vitelline membrane.

“The primordial ova consist of a homogeneous mass, coagulable
in acetie acid, when it becomes granular, and they inclose o large nu-
cleus and a single large nucleolus. In very young ova, of which the
contents are similar to the foregoing, several nucleoli may already e
discerned in the nucleus.- In the ova designed for the next brood, the
yelk corpuscles are gradually developed, until they finally occupy the
whole mass of the egg except the space taken up by the nucleus, and
only the small spaces between the granules and corpuscles are filled
up by the protoplasm still present. The yelk grauules and corpuscles
consequently appear to be developed at the cost of the contained pro-
toplasm of the egg. The cells of the granulosa were never observed to
give off protoplasmic processes passing inwards into the egg through
the pore-canals,

¢ In the foregoing stage all of the eggs are dull and opaque; even
the eggs of Scorpana, Julis, Scrranus, and Fierasfer, of crystalline trans-
parency at maturity, pass through the same opaque stage of ovarian
development. In the very large nucleus the nucleoli continue to mul-
tiply.

“Towards the time of maturity, tho nucleus begins to move from its
original central position to the periphery. During its changoe of posi-
tion, the smooth, tightly distended nuclear membrane commences to
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“rinkle, becomes gradually thinner, and finelly disappears altogether;
the already numerous. nucleoli become still more so, but also smaller
and 8maller, until they are finally indistinguishable, so that one is
Obliged to conclude that they have been dissolved in the intranuclear
fluiq. Finally, the nucleus is brought to lie close against the zona ra-
fliata,, as a wall-less, irregular, viscous, almost homogenecous mnass; the
Intranuclear fluid in which the nucleoli bavo been dissolved now begius
% mix with the egg contents. Accompanying this blending immportant
changes oceur, and, as aresult of the process, the direction spindle, the
Ducleus, and the yelk aroe differentiated. In the pellueid ova of Scor-
Dbena the yelk spherules are again broken down and the food-yelk
then forms a clear, sewni-fluid mass; in Julis, Serranus, and Fierasfer,
the clear yelk also contains a large, shining oil-sphere; in Crenilabrus
 the yelk is not entirely pellucid, but contains some, not very numerous,
Yelk granules ; in the herring and Heliasis the yelk contains a great
Dumber of yelk spherules, but which, in consequence of their larger
8ize and less bright appearance, look very difterently from the yelk
8pherules of the immature egg.
. “The direction spindle [polar spindle] has its peripheral pole placed
Immediately against the inner opening of the micropyle. It is best seen
0 Scorpena, in which it has a length of .025%™, and a diameter of
Ol45ma; jtg Jongitudinal axis forms an angle of 45° with that of the
AXis of tho egg, It is less casily made out in Julis, while the eggs of
Crenilabrus, Heliasts, Goblus, Blennius, Belone, Clupea, are too unsatis-
f";ctory and opaque as objects in which to seck for the direction spin-

e.

“The form of the germ in the mature ova taken from the females of
different, spocies, without being brought into contact with water, is very
different, In Julis it surrounds, as a relatively thick layer, the entire
.yelk, and iy thickest at the micropylar pole of the egg; in Scorpena
ft ¢overs in a cap-like manner the micropylar pole of the yelk where it
13 thickest, and Lecomes gradually thinuer towards the equator, whero
1t disappears almost wholly, but is continued over the opposite pole as
a distinet but very thin layer. In the eggs of the herring and Heliasis
1t does not form a very thick stratum beneath the micropyle, and extends

Om this region as irregular thick and thin processes down amongst the
?elk 8pheres of the whole cgg. The direction spindle also is always
lmbedded in the germ disk. Kupffer’s statement that the germn of the
l_lerriug is developed under the influence of the sea-water and the sperin
Tests ujfon inaccurate observations; in the unimpregnated egg of the

Crring, as in Heliasis, the germinal matter still remains in great part
Strewn amongst the yelk spherules, as is apparently the case with all
€8s in which the yelk does not consist of fluid material, but for the most
Part of layger and smaller yelk spherules,

“The fact that the yelk spherules of pelagic eggs should again be

Yoken down and in mature egys become clear and pellucid throughout
Thust probably be regarded as a plicnowmecunon of adaptation, the whole
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developmental history agreeing fully with this interpretation, in that it
is unusually rapid. For example, the eggs of Julis hatch in fifty-two
hours, Scorpena in fifty-eight hours, Fierasfer in fifty eight to sixty
hours, without the slightest trace of pigment having yet appeared on
the eyes, so that when the eggs are ready to hatch, they are still as
transparent as at the time they were laid. * '

“I observed the following in watching the first phenomena of impreg-
nation. In bony fishes, the first segmentation nucleus is formed as in
numerous other animals, by the conjugation of two nuclei. One of these
two nuclei is the egg nucleus (female pronucleus, pronucléus femelle), the
other the spermatic nucleus (male pronucleus, pronucléus mdle). The
conjugation of these two nuclei is best seen iun the beautiful, pellucid
ova of Scorpena and Julis, as well as in the less transparent eggs of
Crenilabrus; in the cases of other species of osseous fishes investigated
(Heliasis, Gobius, Clupea, etc.), the ova are not clear enough to enable
one to reach a conclusion in regard to this important point.

¢t As-soon as a spermatozoon has penetrated so farinto the micropylar
canal that it reaches the germ disk, or perhaps the direction spindle it-
self, the first phenomena involving the spindle and germ appear in their
order. Around the lower pole of the spindle theére is formed a small,
clear protoplasmic mass; whether a similar feature is developed at the
upper pole of the spindle it is difficult to say, since this lies 8o close
against the inner opening of the micropyle that it is not possible to be
certain as to just what occurs here. The protoplasmic granules which
aro scattered irregularly through the egg gradually aggregate more and
more around both poles of the spindle in distinet radial lives, especially
around the small, clear protoplasmic area around the lower pole ; shortly
afterwards the development of the well-known caryolytic figures is
accomplished forming the amphiaster de rébut of Fol. Secarcely have
the radial figures [asters] become distinct, or at about the same time, it
may be observed that the germ begins to contract [aggregate] at the
micropylar pole. The first changes in the spindle now also begin, and
it becomes at first somewhat shorter and thicker. The same remark
applies also to the nuclear plate, when it again assumes its earlier form,
and thereupon again elongates, becoming gradually thinner and thin-
ner, before finally disappearing altogether. As soon as the spindle be-
gins to elongate, the division of the nuclear plate occurs. The nucleus
formed from the central half of the spindle is the egg-nucleus [femalo
prouucleus}; that formed from the peripheral half of the spindle is tho
Jbolar body, which in Scorpana, Julis, and Crenilabrus escapes from the
egg through the micropylar canal. Inasmuech as the division of the
spindle begins as soon 48 the spermatozotn has penetrated deep enough
into the micropylar canal to come into contact with the germ, and tho
lumen of the canal being so narrow that never more than « single sper-
matozoon can pass through it at one time, and the polar body being
budded off at the samne instant, as in Scorpena, Julis, and Crenilabruss
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Prevents the entrance of other spermatozoa. In the threeabove-mentioned
genera of osseous fishes more than one spermatozodn cannot therefore enter
the egg. ' :

“Immediately below the inner opening of the micropyle, and at tho
point where the spermatozodn entered the germ and before the spindle
hag. completely disappeared, there appears, although extremely small,
Yet plainly visible, & new aster or radial figure, and in its clear center
& second smali nucleus is developed—the male pronucleus. Around
both nuclei the protoplasmic granules are arranged in sharply defined
rays, 'Both nuclei then become gradually larger and larger, approach
each other, to finally blend together to form the first segmentation nu-
cleus. Before this conjugation takes place the germ has beeu completely
aggregated by contractile movements of its substance at the micropylar
Pole of the egg. The eggs of Scorpena and Julis only are adapted to
the study of the phenomena here described. In the eggs of Scorpena a
very inconsiderable space is formed around the vitellus, between the
la.ltter and the yelk, which becomes noticeable only when the egg is get-
ting ready to segment. The same remark applies to the eggs of Julis.
‘In Crenilabrus the water space is, on the other huand, more spacious, but
n that it is developed very late in the neighborhood of the 1nner micropy-
lar opening, the germ remains in close contact with the inner openiug of
this canal, so that in these three genera of osseous fishes the polar body
Can be pushed out only through the canal, in that there is no space
between the gorm and the zona radiata. In other cases, as soon as the
Spermatozoén has come in contact with the germ & large paravitelline
cavity or water space is formed, as in Heliasis, for example. In conse-
Quence of this, the polar body which is extruded cannot be thrust out
"1_50 the wmicropylar canal, but remains within the paravitelline space.
Since, in the cases of Scorpeena, Julis, and Crenilabrus, but one sperma-
t0zobn can enter the egg, it is highly probable, that the same is true of
the ova of all osseous fishes, although it wmay not be possible at this wo-
meut to say with certainty at what time the entrance of other sperma-
tozoa iy interrupted. In those cases alsoin which o large wator space is
formed between the germ and micropyle, perhaps the tepsion of the
Z(Tna, radiata in such instances is cffectunal in closing the inner opening
of the micropyle which ends on a papilliform internal promineuce of the
Zona, In the water space within the zona I never saw any spermratozoa.

he spermatozoa can enter the egg ouly through the micropyle. The
Phenomena which manifest themselves in mature egas when simply
Placed in water without spermatozoa are very variable. Of one and the
Same lot of eggs of which a part were fertilized and developed regularly,
th.B other part, after lying in water for twenty-four hours, did not show the
Slighest alteration; in others again, after four hours, the spindle had dis-
4ppeared, the polar body was extruded, and the germ was as well de-
Veloped as if the egy had been fertilized, with only this difference, that
the germ was formed much more slowly than in the fertilized egg; in

S. Mis, 46——31
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other eggs of the same lot after four to six hours the spindle was still
present, and the germ bad aggregated and acquired an unusual thick-
ness. Whether eggs in the two last mentioned conditions are still ca-
pable of impregnation I do not know, since in each instance the oppor-
tunity was wanting to mnake the test. In the cuses in which the germ
was developed after four hours and the polar body extruded, I never
was certainly assured that I saw a nucleus—egg-nucleus. The aggre-
gation of the germ, the extrusion of the polar body, and the disappear-
ance of the spindle are phenomena which way occur independently of
each other and of impregnation. Why a portion of one lot of eggs should
remain unchanged in water without spermatozoa, while others pass
through the changes above described, it is not easy to say; perhaps it
is, that the most mature ova pass through the stages already described,
while those not so mature remain unchanged, though capable of being
impregnated.”

0.—THE ORIGIN OF THE YELX HYPOBLASI.

This structure, in its relation to the genesis of the blood, is of the
greatest interest physiologically, and the evidence of its true character,
which has Leen gradually accumulating in my hands, is of the most
conclusive nature. It lhas been named the parablast by Klein, couche
heematogéne by Vogt, couche intermédiaire by Van Bambeke, couche cort-
icale, germinal laycr, germinal pellicle, Dotter-haut, ete., but these terms
are thoroughly synonymous, aud their significance need not trouble
us any further. I bave followed its history through the later stages of
development to its complete disappearance, and am delighted to be able
to add the remarkable observations of Prof. C. K. Hoffmaun* upon the
origin of the free nuclei in it, as observed by bim in Scorpena. Ziegler
has also studied its development in Salmo salar, so that the evidenco.
as to the role it plays in development is almost complete. Further dis-
cassion of it in this essay will be postponed until I come to consider
the history of the Dblood-vascular system of the yelk-sack of geveral
forms. Under the head of the structure of the egg wo have already
described its main features as found in several specics. ITuffmann’s
observations s to its early history are as follows, and were made upou
the ova of Scorpana, Julis, ete.:

“In respect to the segmentation I can communicate the following:
While the male and female pronuclei are Llending to form the first
segmentation nucleus, the latter has already begun to again become
spindle-shaped. The newly-formed spindle lies in the germ with its
axis in conforwity with the axis or diameter of the egg, and stands
vertically against the end of the micropylar canal. The granules of
the germ then group themselves in distinet rays around both poles of
this spindle. The well-known caryokinetic phenomena then occur,
which manitest themselves during each and every cleavage, and after ‘

* Zoologischer Anzeiger, 1850, pp. 632-634.
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Some minutes the spindle-shaped stage has again vanished and two
ew nuclei have been formed, both of which lie in the plane of the axis
Or diameter of the egg. One of them lies at about half the depth of the
af‘is of the germ, the other deeper and nearer the yelk. With the di-
Vision of the first segmentation nucleas into two new nuclei, the con-
Sequent cleavage hasled to the division of the egg into two very unequal
Portions, the upper and smaller lying near the micropyle and consisting
of Protoplasm, which, at the level of half the height of the axis of its
Substance, the germ, contains a nuclous; this portion I shall call the
archiblast [the germinal disk of this essay], the other very much larger
Portion, the parablast [the yelk hypoDblast; germinal layer]. The par-
ablast consists indeed for tho greater part of food-yelk, but it ap-
- Proaches in character the germ, the protoplasm in which lies a nucleus
closg to the yelk, and is continued over the whole yelk as a thin envelope.
he archiblast [germinal disk] only segments; its nucleus is the parent
of all the cleavage nuclei; the parablast [germinal layer] does not seg-
ent; nuclear division only takes place in it; it is developed into a
lultinucleolar cell.
“Before the separation of the archiblast from the parablast, each nu-
Cleus of both these parts has been transformed into a new caryokinetic
gure or spindle, the position of the axes of which are at right angles
to the axis or diameter of the egg. The spindle or caryokinetic figure
Orined by the nucleus of the archiblast (germinal disk) is a magnificent
sPectacle; that of the parablast is less distinct on account of its more
Centra) pesition. Before two new nuclei have been formed from the
5pindle in the archiblast the first segmentation furrow begius to divide
0 archiblast into two equal sized parts. Both are divided from each
Other by this furrow, but at their bases or lower surface they are still
Coutinuous with the underlying parablast, Kach nucleus of the two
Portions of the archiblast soon begins to prepare for another division,
and iy the parablast two free nuclei may be observed, which are also
Stting ready to divide. At the same time the separation of the archi-
. A8t from the parablast, at the base of the former, begins to manifest
"8¢lf, and whon the archiblast has been divided into four segments
¢y have become quite free in that they bave now separated them-
Selves from the parablast below. They then lie on the protoplasmic
4yer of the latter, and in this layer four free nuclei may now be noted.
© cleavage or segmentation now proceeds regularly. When the nu-
clei of the archiblast have been transformned into new spindles, the same
keg Place with the nuclei of the parablast. All of the {free nuclei are
.GVer undergoing similar phases of division, or are synchronously in
& State of rest, and the nuclei of the segments of the archiblast pass
Tough the same phases, at least during the first few hours of segmen-
Ation, whilst at a later period the free nuclei of the parablast pass into
% resting stago.
“With the completion of segmeutation, the Teleostean egg consists of
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a great number of segmentation spheres, comprising the segmented germ-
disk or archiblast, and the multinucleated parablast. From the archi-
blast all of the germinal layers are developed; never does the parablast
take part in their formation. That this is the fact is best showir by
means of sections, prepared from embryos in much more advaunced stages
of development, in which the intestine has been developed, and in which
we still find these same free nuclei as at first. We may theu rightly
inquire what is the significance of the protoplasmic covering of the food
yelk in which a great multitude of free nuclei are imbedded. The only
answer which I can give to this question is the following: The para-
blast, 8o rich in free nuclei, agsimilates the constituents of the food-yelk,
in order to convert them into a form snitable for the growth of the cells
of the archiblast, or to convert the yelk into the embryonic layers de-
veloped from the archiblast; in other words, the multinucleated para-
blast assumes the role of provisional blood. This view I would justify
by the three following sets of facts: (1.) The germ-disk already begins
to grow during segmentation. This growth can only take place by the
incorporation of nutritive material which can only be supplied by the
food-yelk. (2.) During the later stages of development, underneatlt
the embryonic layers, that is, under the embryo itself, ono finds the
free nuclei heaped upon each other in several layers, and the protoplas-
mic layer in which they are imbedded very strongly developed, while
around the other parts of the yelk they are sparingly developed. (3)
If one places the eggs under conditions injurious to their development,
allows them to remain, for example, in stagnant instead of running
water, they become abnormally affected. If such eggs are more closely
investigated, it is learned that it is the free nuclei which are first af-
fected, in that a fatty degeneration occurs in them, and as soon as ab-
normal changes occur in the free nuclei, one may be certain that in &
short time the germ, or embryo, will be found dead. The free nuclei are
also of great importance in nourishing the germ; that is, the embryo.
i'What is the fate of the free nuclei, whether they have ouly a trap-
sient existence, or whether the protoplasm in whick they are imbedded
divides into definite tracts, or, in other words, whether the free nuclei
become differentiated into cells at a Jater period, I do not know, as my
investigations have not proceededso far. Ifthe view should be confirmed
which has been taken of them by His—who at any rate erroneously re-
gards these nuclei as originating from leucocytes, which have cntered
the immature egg—that they become blood corpuscles later, an opinion
with which Balfour ¢oncurs in regard to their fate in the ova of cartilagi-
nous fishes, would be the strongest evidence in favorof my own view, that
they functionate as provisional blood during development. It would
then throw light, in a remarkable way, upon the genesis of the blood,
as the first blood corpuscle would then be formed at the woment when
the egg was divided into the archiblast and parablast or iuto germ and
food-yelk. Kupffer’s statement that in just hatched embryos of the her-
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ring there was no trace of the presence of blood corpuscles, I can con-
firm, The same is true of Crenilabrus, Julis, Scorpana, Fierasfer, etc”

In that the yelk hypoblast contains free nuclei in what appears to
be g continuous and homogeneous sheet of superficial protoplasm, with-
out any evidence of division into cells or segmeunts, it is truly of the
hature of » syncytium as defined by Haeckel, or it may be deflned as a
multinucleated protoplasmic layer. A. Rauber also speaks of it as a
Dlasmodium, a term borrowed from ecryptogamic botany, and first ap-
Dlied to that most remarkable of substances to be met with under rotten
Wood and damp leaves in moist glens and representing a stage of de-
_velODment of a very singular order of Fungi. Plasmodinm is as near the
}deally structureless non-nucleated condijtion as one of the Monera, but
n the case of the germinal layer of the cgg of osseous fishes, while it is
Abparently devoid of nuclear bodies up to the time of the first cleavage,
after that it acquires them and really becomes a syneytium, as before
Btuted. The point insisted upon by Hoffman is of great weight in rela-
tion to the part it plays in the development of the blood, and in the
later stages of embryonic development wo shall find that the blood
Wtaally develops from it and that the larval blood-vascular system
f’f the yelk is in part actually channeled out of it superficially. This.
’}1011- was first tacitly formulated by Professor Carl Vogt, now of Geneva,
I 1842, when he made use of the term couche heematogéne in describing
the development of Coregonus pala, where it could scarcely escape ob-
8ervation if the lowermost germinal layer in that form shares in the
‘le\'olopment of the blood as conspicuously as in the embryos of our own
Whitefish, Coregonus albus.

7.—SEGMENTATION OF THE GERMINAL DISK.

When the protoplasmic streams over the surface of the yelk have
Carried the priucipal portion of the germinal protoplasm to the disk,
thege disappear and the cod’s egg no longer presents the appearance
shown in Fig. 7. When the aggregation of the disk is completed it
Presentg g discoidal, biscuit like form, with the edges blunted or rounded
off ang thickest in the center. While all evidence of the strands of
8erminal matter radiating from the edge of the disk has disappeared, 2
thin veil of germinal protoplasin still remains behind to cover and in-
Clude the yelk sphere. This stratum in the cod’s egg is exceedingly
thin and is continuous with the germinal protoplasm of the disk all
Tound the margin of the latter previous to the advent of segmentation.

_1‘0 same condition appears to hold in the case of Salmonoids, Clupe-
Olds, anq Cyprinodonts, but in all 'of these the layer of germinal matter
loft behind as an envelope for the yelk scems proportionally thicker.

After the germinal disk has been fully developed and has assumed
the biscuit, form already alluded to, at about the sixth hour, in eggs
Which hatel in twenty days, it begins to elongate, becoming wider in
One direction than in the other, and at the same time more depressed,
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with the margins more attenuated than when the formation of the disk
was first comploted. At the middle of its shortest diameter a transverse
furrow now appears, which, by the eighth hour after impregnation, has
caused the disk to assume an hour-glass shape when observed {rom above
or below, the two halves being almost exact’counterparts of eachother.
If one will now arrange the mirror of the microscope 80 as to cause the
light to fall upon the eggs obliquely without passing up the tube to the
eyepicce, the transparent germinal disk will be found to inclose a very
large number of fine granules, which show a disposition to arrange therm-
selves in a definite manner. These granules are found to have aggre-
gated somewhat towards the center of cachhalf of the disk, with a clearer
space in the central portion, as shown in Fig. 9, Plate I1. The clearer
spaces n in the opposite halves of the disk may be regarded as the nu-
clei of the two segments which must have resulted from the first seg-
mentation nucleus included in the germinal disk before it had exhibited
any sign of division. The first cleavage may now be regarded as com-
plete, and if the reader will observe the granular bands running across
the middle of the disk in Figs. 9 and 10, be will notice clear spaces be-
tween them. This is due to an equatorial arrangement of the granules
of the germinal matter and indicates the point of separation between
the two cells resulting from tho first cleavage. The first cleavage of
the disk may now be considered complete.

In an hour and a half more, as shown in Fig. 10, the second cleavage
has been completed and is indicated by an emargination at cither end
of the disk and the differentiation of granular bands and a clear space
along a furrow traversing the disk at right angles to the segmentation
furrow of the first cleavage. The granular bands in both cases being
due to the same causes, namely, a polarity which is manifested in the
process of cell division in-general, from which it results that the gran- -
ular matter of the protoplaswm is arranged in the form of a kind of
double partition or plane coinciding with the direction of the cleavage
furrow. The cell-plate so defined is represented in Fig. 10, but is not 8o
easy to make out after the segmentation has advanced still farther so
as to divide the disk into much smaller segments. We also for the last
time have the nuclei distinguished when the disk has been cleft into
four segments, afterwards these are not discernible without the use of
reagents.

In the course of two to four hours more still further advances have
been made in the segmentation or cleavage of the germinal disk, but
usually in a very regular way, the segmentation furrows cutting ecach
other at right angles and dividing each of the four cells of the first and
second cleavages into at first two and then four masses of nearly equal
gize. By the twenty-third hour after impregnation, the germinal disk
of the cod’s egg will have been divided into fourteen to eighteen :seg-
ments, as shown in Fig. 12 from below and 11 from the side. In Tig.
12 the large cell at the right is just beginning to divide, the incipient
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cleavage being merely indicated. When the large cells of the disk com-
mence to divide somewhat later and earlier than cach other an irregn-
larity in the form of the cells ensues which tends to restore the circular
torm of the germinal disk, which after- the second and up to and in-
cluding the third and fourth cleavages had a snbguadrate form when
seen from above or below. When this stage of development is com-
Pleted, that is, when the germinal matter of the disk has been split up
thronghout its entire thickness into a single layer of cells, the morula or
Inulberry stago of development has been completed.

After the Japse of forty-five hours and a half, or twenty-two and a
half hours later, the morula stage has been replaced by another condition
of things represented in Fig. 13. Cleavage of tho segmentation spheres
or cells of the disk also takes place now in a plane parallel to that of
the disk itself, so that by this time three layers of cells may be very
distinctly made out, which are superimposed upon cach other. These
layers are the first indication of the development of the germinal layers,
and foreshadow the conversion of the germinal disk into a blastoderm
in which the epiblast first appears, then the mesoblast and hypoblast.
At this stage there is at first, however, no regularity sinch as might be
expected in the disposition of the layers, because the arrangement of
the celly is somewhat modified by mutual pressure. _

“Later still, or on the fourth day, the advance in the cleavage is very
Inarked, the individual cells being only a fraction of the size which they
Dresented on the second day, and they display, morcover, an arrange-
ment into anumber of very irregular layers as shown in Iig. 14, Another
thange has been suffered by the form of the whole disk; it no longer

Presents the concave inner face shown in Fig. 13, but has become very
Convex on its inner side and has contracted considerably in transverse
diameter and become thicker in the center.

A little way back we hinted that certain irregularities in cleavage
Manifested themselves at about the time the germinal disk was divided
1nto twelve to sixteen cells or segments. This phenomenon has been
hoted in the segmentation of an undetermined fish egg by Prof. W. K,

rooks, of Johns Hopkins University. It is also very strikingly devel-
Oped during the early stages of cleavage iu the eggs of the Clupeoids.

t woulq appear that segmentation is a rhythmical process, and that De-
F‘Veen the phases of actual segmentation therc usually, if not always,
Interveng periods of rest or quiescence. Within the past year I have

ad very good opportunities upon several occasions to study the trans-

Ormations of nuclei during the process of segmentation in the early

€velopment, of the germinal disk and blastodern of fish ova. These
Plenomens, I Lave noticed more particularly in hardened and stained
r"'epi\r:’mt.ions, treated with acid carmine, by the use of which the details
of the Process at various stages may be made palpable. Sonie of my
Oservations have formed the subject of a short paper published iu the

Wletin of the Fish Commission for 1881, That paper, *On the nuclear
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cleavage figures developed during the segmentation of the germinal
disk of the egg of the salmon,” was the result of a study of a compara-
tively early stage. I have since assured myself by an investigation of
the more advanced blastoderms of the ova of the trout and white-fish
that complex nuclear metamorphoses continue to manifest themselves
much later and are a constant accompamment of cell division or mul-
tiplication in the blastoderm. 1 have also elsewhere pointed out the
effect of fluctuations of temperature in accelerating or retarding the
division of naclei, and consequently its influence upon the rate at which
development proceeds. Although these studies are anatomico-physio-
logical in character, their bearing upon the labors of the Fish Commis-
sion are important in that they afford us a rational inter pretation of &
very obscure process, viz, that of growth and development and its de-
pendence upon temperature in cold-blooded vertebrates. - If it is agreed
that the force which determines development is affected by changes of
temperature, it must follow that growth force is in some way dependent
upon heat, one of the forms of molecular motion. The facts show
that thisis true, and that growth,—cell division, appears as if it might be
regarded as a form of physiological work exhibited by protoplasm un-
der the direction of determinate laws of nuclear change. It appears
that irregularity or asymmetry of development of the cells of the germ-
inal disk is common in meroblastic ova with a large yelk, as is note-
worthy in the eggs of birds, reptiles, Elasmobranch and Teleostean fishes,
especially during the early stages. This appears to be dependent upon
the behavior of the nuclei after the disk has been segmented into sev-
eral cells. Their metamorphoses from some cause do not cxactly keep
pace with each other ; sowme divide sooner than others, so that it results
that some pairs of incipient cells have already divided before division
has begun in others, giving rise to a disk composed of irregular and
unequal sized cells at the time when its cleavage into a single layer is
completed.

As already stated, the metamorphoses of the nuclei, which have in
reality descended from the first segmentation nucleus, are rhythmical.
. At first round and containing, besides a nucleolus, numerous granules
and cven granular reticuli, at the time segmentation is about to begin
its contents rearrarige themselves; the nucleus, in large cells of early
stages often showing as a clearer rounded body imbedded in the center
of the cellular protoplasm, slowly acquires a more elongate form ; at the
same time its granular contents tend to arrange themselves in bands
nearly at right angles to the plane of cleavage. These lines then seem
to'undergo o further metamorphosis, in that their substance becomes
slowly more homogeneous and is finally aggregated into very refringent
rod-like bodies arranged in the form of a wreath or crown at either pole
of the nucleus. These wreaths or crowns of refringent rods are then
repelled more and more from the plane of cleavage, and at the same
time tend to become more densely packed together in a parallel manner.
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Their appearance at this time reminds oune of an exceedingly minute
bundle of cigars, transparent, and now forming the poles of the very
elongate nucleus. By this time the equatorial division of the cell into
two is practically completed and at right angles to the axis of the con-
trolling center or nuclear body just described. The retrogressive or
Yesting stage now supervenes. The two poles with their bundles of
refringent rods are now the nuclear centers of two new cells which have

een the result of the cleavage. These two bundles of refringent rods
Undergo a retrogressive metamorphosis, by which they become globu-
lar and take up a larger space in the center of the new cells of which
they form a part. The refringent rods disintegrate and the new nuclei,
‘Yhich have passed into the resting or quiescent stage, undergo i repe-
- tition of the changes above described during the next stage of segmen-
tation,

The rhythmical phenomena which accompany these internal changes
are manifested in the outward changes of form of the protoplasm in-
Volved, The cleavage furrows are usually developed with comparative
Tapidity, accompanied by a tendency to heap up the protoplasm of the
tWo new cells in a conical form. This conical form then gives place to
2 Tore depressed one, which coincides with the resting stage. The de-
Velopment of wrinkles in the cleavage furrows, as shown in Figs. 35,
30, 39, and 44, are also to be referred to active movements of the ger-
lnina} matter, involving more especially the paraplasm or superficial
cell substance. In fact these appearances show that contractility of
the Protoplasm is manifested during development.

Pathological or abnormal phenomena are also manifested (luri.n g very
early stages of the segmentation of the germinal disk. Of such early
Irregular forms of segmentation, I have represented threo in outline in
Figs. 36, 37, and 38. The proof that these are abnormal is the fact that
t!“’ protoplasm of the component cells has become brownish, more dis-
tinetly granular and dead. The symmetry seen in Figs. 9, 10, 35, 39,
8nd 44 i wanting. Such appearances are the preludes to the disorgan-
1zation of the egg, and are as fatal in their results as the appearance

DOwn ag “rotten spawn” in ova freshly taken from the ovary.

The “rotten gpawn,” by the way, i8 interesting as showing that ova
ay become injured while still within the ovary. Microscopic exami-
lation reveals the fact that such ova contain masses of clotted or dead
D_lasma, which is brownish by transmitted light, or whitish like boiled
Tice by reflected light. This dead or injured protoplasm may involve
Portions of the yelk only or parts of the outer germinal pellicle as well,
and the existence of such a condition in a lot of ova is sufficient to war-
fant their rejection, for, as n rule, when any eggs from a female fish
8how this condition, the whole of her spawn is worthless. '

To return to the subject proper to this part of our discussion, it is
a}SO important to note thbat the first cleavage furrows do not cut eun-
tirely through the germinal disk., The proof of this fact we have in the



490  REPORT OF COMMISSIONER OF FISH AND FISHERIES.  [86]

existence of a stratum of unsegmented germinal matter lying beneath the
disk as a thin layer continuous with that which covers the yelk. This
has been noticed by (Ellacher, Van Beneden, Rauber, Hoffman, and
'Van Bambeke, and I have demonstrated the fact to ny own satisfaction
on the ova of Clupeoids, Salmonoids, and Cyprinodonts. Van Beneden
is the only observer who has apparently noted it in what appears to have
been the egg of a Gadoid fish. While I have not demonstrated the struc-
ture 1 question in the ovum of the cod, the existence of a primitively
structureless yelk membrane is evidence enough of the fact, taken to-
gether with what I have demonstrated in the eggs of other species.

The later appearance of free nuclei in the yelk membrane or yelk hy-
poblast would appear to warrant the inference, which has been shown
to be the fact by Hoffmann, that in some way nuclear matter had been
left behind in its plasma which bad been derived from the first segmenta-
tion nucleus, which would account for the germination of bl ood-cells froni
its outer snrface, as witnessed by Gensch and mysclf. T am not, at any
rate, inclined to believe in the theory of the spontaneous development
of nuclei in this layer.

The later phenomena of segmentation of the germinal disk cannot
Dbe so well observed in the live egg as the earlier ones, in that the cells
become successively smaller and less distinct, until finally the whole
disk ‘assumes a lenticular form and is composed of a great multitude of
very small cells. Each of these cells, however, when the disk ishardened
and stained, reveals the nuclei distinetly, and sometimes one may meet
with a cell in the act of division with the nuclens in a condition of met-
amorphosis. The cells are arranged in very irregular strata, as shown
in Fig. 13. This stratification becomes less distinet in Fig. 14, in which
the epidermal or epithelial layer is developed as a somewhat thinner:
stratum than any of the cells below. There is at this period no distinct
differentiation of any of the germinal or blastodermic layers, if we except
the epithelial differentiation of the outermost layer of the germinal disk.

Beyond this point the differentiation of the germinal disk into the blas-
toderm, in a portion of which the embryo fish makes its appearance, i8
very gradnal. In fact every step of development is but a prelude to
that which is to follow, but of the hidden force or impulse which deter-
mines the invariable mode in which it takes place we know very little be-
yond the fact that it has been named heredity. With Whitman we may
quote Bergmann and Leuckart: « Jeder einzelne Entwickelungsinoment
ist die nothwendige Folge des vorausgegangenen und die Bedingung
des folgenden.”

8. —TRANSFORMATION OF THE GERMINAL DISK INTO THE BLASTO-
DERM.

The next event in the history of the diskis its metamorphosis into
the blastoderm, at one side of which the first indications of the embryo
make their appearauce. This is not fairly accomplished until three
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days later than in the stage represented in Fig. 14, or on the seventh
dayof development. The disk spreads somewhat and becomes decidedly
concave on its inner face, at the same time a cavity appears which
Occupies an eccentric position at one side of and within the blastoderm,
a8 shown in section in Fig. 16. This cavity appears to be the result of
further cleavage and is filled with a scrous fluid; the cells which inclose
It frequently jut into the cavity somewhat irregularly. In TFig. 16, the
8pace occupied by the segmentation cavity is shown by the lighter -
area g somewhat crescentic in shape and bounded by a thicker rim of
cfélls around its outer margin and the thinner portion of the embryonic
disk above. The portion of the blastoderm from which the head of the
future embryo will be developed is shown just below A4, as a rounded
Promontory of cells projecting into and forming the concave margin of
the segmentation cavity. This promontory from 4 to Bis composed
of a number of layers of cells and represents the embryonic disk or
8hield of authors, in which the first trace of the axis of the body of the
embryo becomes apparent. An outline, Fig. 17, more magnified -and
80mewhat older, shows comparatively little change in the form of the
lastoderm and segmentation cavity.

The origin of the segmentation cavity as well as the character of its
Walls has engaged my attention considerably.

Klein" represents it as originating by the elevation of the blastoderm
at'one side, so that it is freed fromn contact with the parablast layer
lying just below it. In this way a space, filled with fluid, is developed.
Asfar ag my own observations enable me to reach a concl asioun it appears
f‘hﬂt the above view of its origin is probably the correct one. The
mperfect floor of the cavity is afterwards appuarently developed by an
lgrowth and budding of scattered cells at its edges and bottom, prob-
ably from the yelk membrane (parablast); this floor disappears during
a later stage. It is singular that no investigators have recognized the

Omology of this cavity with the segmentation cavity in the eggs of
lasmobranchs and Amphibia, as pointed out by Balfour, with whose
Conclusions in thisregard I was wholly in accord long before the ap-
Pearance of the second volume of his monumental work on embryology
1o 1881, With regard to the details of its development, however, I
differ witp this authority ; and of his statement thatit disappears # shortly
after the appearance of the medullary plate” I can only say that I have
accumulated a very large amount of evidence in proof of the contrary.
' s::*"8}1111011 as the whole of the evidence on this point is now in my pos-
88ion in the form of sketches from living ova as well as sections, it
may be well to give a summary of my views regarding this point with
Teferences to previous investigators. H. Rathke is the first to have
tescribed the growth of the blastoderm over the yelk and its complete

10elosure of the latter as observed by him in 1832 in the development
of Zoarces.

* Quar, Jour. Mic. Sci., No. LXII, 1876, pp. 113-131, plate VI
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In 1865 Stricker discovered this cavity in the egg of the trout, it
consequence of which (Ellacher has proposed to name it after him.
This cavity is altogether different from what has been described by
geveral authors as appearing in the center of the cellular mass of the
disk, and which, as suggested by (Ellacher, is, in all probability, a.prod-
uct of reagents. (Ellacher also appears to have been aware of the
persistence of this cavity up to the time when the yolk blastopore closes.
So that 8o far as I may have any claims to priority in the matter it simply
relates to a proof that it persists in a considerable number of genera
and is characteristic of the blastoderm of Teleosts in general. (Ellacher,
however, does not regard it as a segmentation cavity, so that it has re-
mained for Balfour and myself to establish its homology. I at one time
believed with Balfour that this cavity was at first closed below by a
more or less complete stratum of cells, but if its development is followed
to the time when the yelk blastopore is closed it will be found that such
is not the case, and that the yelk hypoblast, which is not truly bypo-
blastic, corresponds simply to the granular layer of Balfour. When I
say that the yelk envelope, Dotterhaut, couche intermédiaire, yelk hypo-
blast, etc., as it has been variously named, is not truly hypoblastic, I
mean to imply that no portion of it is in the relation of a hypoblast to
the embryo and that it seems to serve simply to inclose the yelk and ef-
fect its metamorphosis into blood. The few scattered nuclei in its sub-
stance, except just below the embryo’s head, cannot be regarded as
forming a cellular floor, since in preparations stained with borax carmin®
thesp nuclei are seen to be free, much scattered, and simply involved
in the plasma of this layer.

It will be seen from the above that my views have undergone some
change since the publication of my paper on Tylosurus; but these
changes of opinion relate entirely to the history and fate of the yelk
envelope or intermediary layer of Van Bambeke. I still hold to my
interpretation of the homology of the whole amphibian ovum with the
disk only of the Teleostean egg ; but a discussion of this and other the-
oretical matters may be more fittingly reserved for the close of this
paper.

In other types the segmentation cavity is unquestionably originated
as a direct result of cleavage. This is apparently the case in the Tel-
eostean egg; after the blastoderm is fairly formed the germinal mass
of cells immediately involved in the development of the embryo, having
been detached during segmentation from the germinal matter compris-
ing the yelk envelope, they are freed in great measure from complete
contact with the latter except underneath the embryonic disk. Fluid
finds access into the cavity beneath the thinner non-embryonic portion
of the blastoderm, but as the blastoderm grows the cavity increases in
dimensions transversely and diminishes in depth, so that finally a film
of fluid of extreme tenuity is interposed between the non-embryoni¢
portion of the blastoderm and the homogeneous yelk membrane. Viewed
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in optic section, normal ova sometimes show the segmentation cavity as
a space of considerable depth, as is indicated iu the outline sketches of
sagittal sections of two early stages of the blastoderm of the cod, Figs.
47' and 48, With the further development the depth of the cavity di-
Winishes, often to such, an extent as to apparently vanish in ova in
which the yelk has been included by the blastoderm. It is to this fact
that we may ascribe the belief, current amongst iuvestigators, that it
Wholly disappears.

It is quite impossible to reconcile the account given by Haeckel with
the facts as presented by others, when he implies that the whole under
surface of the blastoderm is lifted up from the yelk and remains in con-
t‘_lct with the latter only round its margin. The margin at the same
time, Lie says, is reflected inwards, a single layer of cells growing in-
wards from all sides, to finally close in the center, forming the hy po-
blast in that mauner. This is not in accord with what the writer has
8een in the egg, of the cod, nor can it be substantiated by the classical
researches of (Ellacher made two years prior to Haeckel’s,* nor by my
OwWn more recent investigations during the past two years. Tlhere is no
evidence to show that the epiblast of the blastodermic disk is reflected
lnwards to develop the hypoblast. Haeckel says further, that the
clear fuid in the segmentation cavity is resorbed and that the cavity it-
S(’_lf disappears entirely. This statement the writer disputes in toto,
‘With an abundant support of facts in his-belhalf, He will only mention
here that not only does this cavity persist, but that it also actually in-
Creages in size during the later stages of development, as way be ob-
served after yell absorption has begun, as may be seen in Coregonus
albus, Elacate canadus, Cybium maculatum, Parephippus faber, stc.

In ¥ig. 18 the left half of a blastoderm of a cod’s egg of the latter
l)'d}‘t; of the seventh day is seen in median section along the plane of the
axis of the embryo from A to B; the thickened portion or embryouic area
las divided into two thick lamina or strata, cach several cells deep.
TI}G whole of the upper surface of the blastoderm is covered by a very
t?m single layer of epiblast cells which pertain to the epithelial layer.

hie bilaminate condition of the blastoderm extends also into the rim
Or aunulus r, which extends around about ong-half of the disk and
Widens just below A, where it is blended and confounded with the em-
!)l‘.\’onic‘ shield or area. The thinner portion of the blastoderm, extend-
ing from A to the upper border of 7, is composed of two layers of cells
which roof over the very shallow segmentation cavity. The outer of
these is the epithelial layer already referred to, and the inner one com-
Posed of rounded cells answers to "the sensory layer of embryological
Writers. Sucl, in brief, is an outline of the history of the blastoderm
lmmedjately after it bas clearly become such and before there is as yet
any Qistinet differentiation of the axis of the embryo which is now marked
only by the thickest portion of the blastoderm in the median region

» Jenaische Zeitschrift 1X, 1875,
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from A to B. This figure also shows the very narrow slit-like lumen of
the segmentation cavity to the right of A, and its extent over the left
half of the blastoderm is shown by the line below and to the left of s¢-

9.—THYE DEVELOPMENT OF THE GERMINAL LAYERS.

This portion of the subject is one upon which I cannot, unfortunately,
throw much light on the basis of observations made upon the develop-
ment of the cod’s egg, and I shall therefore place under contribution
the labors of (Ellacher and others on the trout, and my own observa-
tions upon those of several other species. It is evident that in respect
to the developmental changes which the blastoderm undergoes in dif-
ferent species, there is considerable variation. In the trout,for example;
the embryonic shield or area, corresponding in the cod’s egg to the space
from A to B in Figs. 16, 17, and 18; there i a considerably less promi-
nent development of the embryonic shield at a correspondingly early
stage. In Tylosurus, at an early stage, the conditions of the two in re-
spect to the size of the embryonic shield is about the same.

The embryonic shield, as development advances, grows farther and
farther inwards towards the center of the blastodermic disk, or rather,
as it grows in length before and behind, the disk at the same timne spreads
in consequence of the continued segmentation of its component cells, 80
that these are spreading thewmselves over a greater and greater area
while they are at the same time undergoing & definite rearrangement
into strata or layers, each of which has a definite share in buijlding up
the different parts of the embryo’s body. This mode of spreading, how-
ever, never affects the relation of the embryo to the edge of the disk.
Its tail-end lies at the edge, its head at the center for a considerable
time (in small or moderate sized ova constantly), with the axis of the
body of the future embryo lying in onc of the radii of the disk. In un-
usually large ova, like those of the salmon, Tylosurus and Arius, the
- blastoderm spreads so fast after a while that the embryo does not grow
in length rapidly enough to maintain the position of the head ncar the
center of the blastoderm. These last facts explain (Ellacher’s position
in regard to this phenomenon in the trout’s ovum.

With the development of the embryonic shield the differentiation of
the lower layers commences. The first to be split off is the sensory or
epiblastic layer; in the cod’s egg this is formed on the seventh day in
ova which hatched in sixteen days. The process is truly one of delami-
nation, and cannot be regarded as produced by a true gastrulation at
all, as Haeckel has tried to show in a paper already noticed. The pro-
cess of the differentiation of the layers we saw began with the develop-
ment of an epithelial layer of epiblast over the surface of the germinal
disk before the appearance of the segmentation cavity. Immediately
after the appearance of the latter the embryonic disk begins to be de-
veloped and the layers differentiated. The sensory layer is split off
first from the underlying stratum of cells at the head end of the cmbry-
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onic shield and is continued backwards towards the tail-end of the ewm-
bryo. This splitting also involves the rim of the blastoderm, which is
found to be composed of three strata of cells, viz, tho epithelial, the
Sensory or truly cpiblastic, and the lowermost or wesoblastic and hypo-
blastic. 'This relation holds throughout the whole disk except at the
-Fail and rim, where the sensory layer and lower one appear to pass over
Into cach other, they appear in fact to bo folded upon cach other, as
shown diagrammatically in Fig. 18 at B and . The two principal lay-
€rs are at first quite thick; as the disk spreads, however, the portions
in the vicinity of the embryonic disk alone maintain their original thick-
less to a marked oxtent, and then only along the axis of the embryo as
d“"elopmeut advances. The two principal strata in the rim r also re-
ajn thicker, and they are really continuous with those involved iu the
formation of the embryo. As development of the blastoderm advances,
hOWever, its rim becowmes narrower and a less marked feature as well a8
Somewhat thinner. The scgmentation cavity is roofed over by the epi-
blast, alone, consisting of epithelial and sensory layers only. At first
the sensory layer which covers the segmentation cavity is two or more
cells decp (Alosa), but later this thins out, &0 that finally when the
blastoderm has entirely inclosed the yelk, it is sometimes quite difficult
to demounstrate positively that there is more than a single layer of cells
Present., The layers covering the segmentation cavity in the Salmon-
0ids are thicker than in other species with swmall ova without a vitelline
circulation, and in such forms a mesoblastic stratum way be added to
the epiblastic covering of the yelk at a late stage of developmeunt. The
Stratum covering the segmentation cavity in the young codfish just
hatched is like that last described. The hypoblast is differentiated later
and is confounded or blended with the mesoblast up to the time when
the muscular and the peritoneal layers are differentiated, which does
ot take place till about the time the muscle segments commence to be
developed; oven after that timo it is somowhat difficult to make out
the limits of the Lypoblastic layer in sections.

The foundations of the embryonic structures of the young fish have
been 1aid down with the development of the epiblastic and mesoblastic
tracts of tissue, and thoe events which follow, especially the development
of the brain and spinal cord, which together we will call the peurula
: hel‘eafber, play a most important part in still further modifying the bis-
tory of the primary layers. It is somewhat difficult to give a clear ac-
count of the development of the neuruls without the aid of figures, bat
this we will now attempt to do as briefly as possible,

. 10, —DEVELOPMENT OF THE CLREBRO-SPINAL AXIS OR NEURULA.

The development of the brain and nervous gystem or neurula of the
teleostean embryo presents some very remarkable peculiarities, the
Principal of which is that it is at first quite solid and only develops a
heural canal at o relatively late stage, or after the neural cord (awen-
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sirang, His) has been split off distinctly from the epidermal layer over
lying it. The formation of the neurula occurs, as will be inferred from
what bas already been said, in one of the radii of the blastodermic
disk. The sensory layer thickens perceptibly along this axis at &
very early stage. In the cod’s cgg this is perceptible on the eighth day
of development, as shown in Fig. 19, pl. IV, where the band of cells P st
which pass inwards towards the center of the disk of the blastoderm,
are the rudiment of neurula or medullary plate from which the nervons
gystem will be differentiated. This rudimentary nervous cord contin-
" pes to become thicker in a vertical direction as development proceeds,
and at last begins to be apparent as a ridge on the under side of the
blastoderm. The ventral ridge or keel of the neurula becomes moreé
apparent on the ninth day at the fore part of the embryonic axis, a8
may be seen in a side view of an egg of that age with its blastoderm
in optic section represented in Fig. 20. Aunother view of an egg of the
same age is given in Fig. 21, but here the head end of the embryo i8
directed toward the observer, and in the darkly shaded portion, which
is an optic section of the fore part of the body of the young embryo,
ghows the neural keel prominently developed on the side next to the
yelk. In the embryo of other animals, with two or three exceptions,
the development of the neurula takes place in an entirely different
manner. 1n most forms in fact, when the neurula is forming, the epi-
blast becomes grooved on its external face, while, as the furrow so de-
veloped deepens, its sides fold over toward each other to join in the
middle line, leaving at the same time a canal throughout the whole
length of the neurula and even continued at the hinder end into the
primitive intestine or archenteron. Not so with the neurula of the
embryos of osseous fishes, Here the neurula is at first an absolutely
solid cord or strand of cells which by a slow thickening of the sensory
layer at last forins a deep Jaterally compressed mass of cells which juts
down into the yelk, pushing the hypoblast before it. It is even difficult
to prove that there is ever any such a thing as a medaullary groove or
furrow developed at all in the sense in which we know it in the embryos of
Amphibians, for example. However, our I'ig. 21, pl. IV, shows a de-
pression in the median dorsal line of the embryo at mg which we may
regard as representing the medullary groove in the blastoderm of the
cod of the ninth day. Such a feature is also shown by (Ellacher in his
figures of sections of the blastoderm of the trout; it is also developed
in that of the shad. Calberla in his studies of Syngnathus states thut
the epidermal layer of epithelinm is carried down by invagination into
the medullary plate along its mesial axis as the neurula is developed.
1n such sections of similar stages of Clupeoids as I have had the op-
portunity to study I have seen no evidence of anything of the sort.
In this respect they are like the embryos of Lepidosteus investigated
by Professor Balfour. In this regard @llacher’s investigations upon
the trout seem to coincide with the results of Balfour and myself, A8
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development advances the medullary groove becomes less and less
larked in depth, and by the time the embryo’s body has been fairly
Outlined there is nothing more of it visible in sections. For my part
now have serious doubts as to whether any actual infolding of the
‘seusory layer of the blastoderm of T_eleosté ever takes place to form
the nenrula. It would almost seem as if the formation of the medul-
lary plate took place rather by the slow heaping up of the cells of the
Sensory layer along the neural axis by an ameboid or migratory pro-
Cess, It is at any rate difficult, if not impossible, to find the evidence
of any process of infolding of the nervous layer to form the neurula
8uch as has been observed in other types. The mode of developwent of
the neurula, however, as it may be observed in Teleosteans, Amphibians,
E]asmobranchs, Marsipobranchs, Amphiozus, birds, and mammals, dif-
fers o widely in detail and essentials in these different groups as to
inder us from framing any general theory of development for the
Dervous system of the vertebrates. Such a procedure is all the more
to be regarded as premature; in view of the fact that we do not yet
00w the full history of the development of such forms as Myxine,
¢pidosteus, and Amia. What there may still remain to be revealed
of a startling or unexpected character, in a study of these forms, we do
Dot know, for the development of none of them is thoroughly known.
U fact, the development of comparatively few animals is as thoroughly
known for all of their stages as will be demanded by the comparative
€mbryology of the future, so ably heralded by the late Dr. Balfour.
he science in its present state may, on account of the imperfection of
ost of the developmental histories of the principal types, be com-
Dired to an ancient manuseript of which just enough has been pre-
Served to give us an idea of the way it treats its subject. Great gaps
10 our embryological knowledge are apparent in even some of the best
Studied forms. In one form we know the early history; in another the
later, In others we know the development of the germs in the repro-
ductive organs before impregnation; in others we do not. In some
Cases we know the late phases of development when the embryo or
Young nagses into the adult condition ; in others our knowledge in this
*esyoct ig & blank. Not only is this a serious difficulty, but there is
also the still more serious one of reconciling the contradictory state-
nents and observations of honest investigators each of whom has usu-
" ally added some important information to that which we previously
Possessed, but who have rarely missed falling into errors of interpre-
tation due to the nature of the subject, defective opportunities and
lethods; or on account of the finite nature of the mind itself they
ave been more or less mistaken in making inferences and deductions
from the observed facts. This is no discredit to the science, but only
3 necessary condition through which it must pass in the course of its
development. .
The blastoderm of the cod’s egg, like that of other Teleosts, continues
8. Mis. 46—32
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to spread out and grow over the surface of the yelk spliere underlying
it. The blastoderm in fact is molded upon the yelk sphere as a hollow
spherical membrane, which finally includes the latter. It grows over
the yelk by what is called epiboly, the yelk itself remaining passive-
The rim 7 of the blastoderm shown in Figs. 20, 21, 22, and 23, Pl 1V,
moves progressively toward the naked pole of the yelk, and in its prog-
ress more and more of the yelk sphere is covered up. As long as the
rim is spreading over the upper pole of the yelk its circuamference con-
tinues to increase; as soon as it has passed the greatest diameter ot tho
yelk, as shown in Fig. 22, it begins to diminish in circumference. This
diminution of the diameter of the rim of the blastodermn continues until
it finally closes at the exposed pole of the yelk. At the moment of
closure, the free margin of the rim presents a wrinkled appearauce, the
wrinkles radiating from the center of the small pore-which remains
up to this time. After the closure of the blastoderm the radial wrink-
ling disappears. The pore which remains up to within a short time of
the closure, is the yelk blastopore of authors. The rim_which has closed
at this point forms a discoidal plate of cells continuous with and form-
ing a part of ‘the tail of the embryo. The cellular disk developed by the
closure of the rim may be called the caudal plate. It takes a share in
the development of the tail of the embryo and also in the muscle plates,
neurula, and hind-gut, for the whole of the substance of the rim is ap-
propriated in building up the caudal extremity of the body of the young
fish. In Figs. 24 and 25, pl. V, I have represented the appearance of
the tail of the embryo cod on the eve of the closure of the blastoderm
at the pore bl. Other representations of its appearance are given in
Figs. 28 a and 29 a, 29 b, and 30 a and 30 D, the last four being side
views. These figures also show, in three instances, the relation of the
problematical vesicle kv first described by Kupffer, to the blastopore.
Their identity is difficult to follow, and I now doubt whether it is any-
thing more than an evanescent structure which has nothing to do with
the development of the urinary vesicle or the anal end of the intestine.
It is at any rate apparently inconstant in position, and in some fishes
evanescent and of temporary importance. Sometimes it appears to be
involved in cells, at other times it is clearly surrounded below by the
homogeneous yelk membrane or hypoblast alone. In Fig. 20 the blas-
topore of the yelk is also shown with Kupffer’s vesicle lying below the
blastoderm as a lenticular vacuole.

-Ag the blastoderm of the cod’s egg has spread over the yelk and in-
cluded it, the neurula has also further .developed; the most marked
feature of its advancing evolution being the increased ventral promi-
nence of its keel or carina, as shown at cv in Fig. 22. At the same time
* it also becomes more prominent dorsally, as is shown by the same fig-
ure, the fore or cephalic end of the body of the embryo is now pro-
nounced in outline, and tbe principal paired sensory appendages of the
neurula become more prominent. The only sensory appendages of the
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DBeurula, which are in direct conuection with it fronr the first, are the
Optic vesicles or rudiments of the eyes. They are the first of the sensory
Structures of the young fish to be developed. They, in fact, are already
apparent at a very early stage of development, and are formed as lat-
eral outgrowths of the extreme anterior end of the neurula, after the
Cighth day, and by the ninth day, as shown in Figs. 20 and 21, op, they
are conspicuous as thickened lateral lobes of the anterior portioun of the
Cephalic end of the rudimentary neural system. Their development in

eleostean embryos is toa certain extent characteristic, in consequence
of their great relative size in proportion to other parts of the nervous
System at this time. At first their connection with the neurula is quite
ateral and anterior; as development proceeds, however, the down
8rowth of the carina or keel of the neurula carries their stalks or points
of attachment downward. The place where they arise from the keel
arks the position of the origin of the optic nerves, in the vicinity where
the cerebrum is continued into the more posterior portious df the brain
Or thalam-encephalon. During the early stages of their development,
they, like the neurula itself, are composed of & solid depressed ovoidal
mags of cells. As development proceeds, this mass acquires & lumen
or cavity, which is at first a mere cleft like the primitive cersbral lumen
Or cavity, The cavity of the. optic vesicles in section is at first some-
What oblique to the plane of the blastoderm, but this feature is lost with
adva'ncing development, and the lower wall of the optic vesicle is finally
Pushed inward, upward, and more towards the axis of the embryo, while
the hind wall itself is also raised so that both together assume a more
Dearly vertical position. This condition is shown Fig. 27, taken from
l_[he head of an embryo eleven days old. The rudiment of the eye-ball
18 now more nearly vertical and oval as seen from the side. It is now
2 very depressed double-walled cup as viewed from above, and is con-
Dected by a hollow stalk with the lower forward part of the brain. In

ig. 27 its stalk lies just behind and below the rudiment of the nasal
Or olfactory pit na, and its outer lamina op is afterwards transformed
lito the retina, while the inner thinner lamina becomes covered by the
Choroiq or pigmented layer, and the thickened epithelial tract of epi-

last 7 i carried inwards with the further development of the eye-ball,
and transformed by invagination and further metamorphosis into the
®08. The central part of the thickened rudiment I, of the lens, becomes
the transparent, posterior highly refractive fibrous part, while the sur-
Tounding thinner margin of the layer lis reflected over the thicker
hinger part.as a thin layer of epithelial cells. After this the lens is
Constricted off from the epithelium and the construction of the eye is
€8sentially completed. The further development, however, of the eye
Wvolves the consideration of still other events in the history of its laye?s.

lie development of the leus is shown in Figs. 26, 27, 29, and 30. In Fig.
<9 the outer epithelial layer is shown, inclosing, as it were, the columnar
lterng] refringent layer within. The optic cup is still open below on
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the fourteenth day as shown in Fig. 31. The rim of the cup seems, in
fact, to grow down from above and, gradually becoming more globular
in form as a whole, its free lower borders approximate and coalesce,
forming the choroidal fissure fc, through the proximal part of which the
optic nerve enters the eye. The inner walls of the choroidal fissure at
its hinder part may be regarded as continuéd into the optic stalk, and
it so happens that the optic nerve finally loses all connection with the
outer wall of the optic cup and perforates it to conmect itself with
the inner and thicker layer which has become the retina. The optic
stalk itself is, for the most part, if not entirely, converted into the optic
perve and crus. With the further development of the optic cup, its rim
is reflected inwards and more fully covers the lens and becomes thinner.
After this stage it is said that in other forms the iris, with its muscles,
pigment, ete., are derived from the mesoblast around the choroid at the
rim of the optic cup. The cornea grows from a ring of cells of uncertain
origin just below the epithelial layer of the epiblast at the time the lens
is invaginated, according to Balfour. The vitreous humor is developed
in much greater proportion at a very early stage in some forms than in
others. In Tylosurus and Apelies it develops relatively carly; in other
forms, as Gadus for example, it is not perceptible until about the time
of hatching. The vitreous humor appears to be gradually developed
and seems to me to be a fluid transudation ; perhaps it really arises as
an ingrowth through the choroidal fissure, as held by Balfour., The
aqueous humor develops, according to the last authority, within the ring-
like rudiment of the cornea, the cavity of which enlarges as development
advances. The brilliant silvery pigment of the iris of the young cod is
very probably of mesoblastic origin. Of the development of the mnus-
cles of the eye little can be said here, as little is known of the subject.
The study of the development of the muscles, by the way, is a depart-
ment of embryology not yet sufficiently well cultivated. The blood-
vessels of the cye enter the organ through the choroid fissure. The eye
is already functionally active at a very early stage or upou the eve of
hatching, as I have detected movements of the eye-ball even just be-
fore the young fish had left the egg. Its complete pigmentation is ac-
complished by the time the embryo frees itself from the egg-membrane,
but most species of fishes do not begin to swim actively for some time
afterwards. In others of very rapid development, the movements which
are made are not sustained but fitful in character, and often executed
with astonishing velocity. That the eye is already functionally active
is proved by the ability to instantly recognize an approaching object
in the water manifested by young fishes a day or so old. They already
see well enough in most cases to try to avoid being caught with a pip-
ette or small skim net.
The account which precedes has dealt in large part with the evolu-

tion of the eye of the young fish and has carried us far beyond the time
when the neurula has been fully formed. Coincident with the increas-
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Ing prominence of the ventral keel of the blastoderm, as shown in Tig.
22, another process has been going on by which the tissues of the neu-
r ‘}lﬂ havebeen more markedly differentiated from those adjacent. Avery
distinet line of demarkatiou is established on either side of the neurula
Separating it from the muscular mesoblast on either hand; this is shown
In Fig, 23, This demarkation was, however, already established when
the sensory layer was split off from that lying below it, but as the carina
9f the neurula is developed, the mesoblast is gradually separated off
Into two lateral masses, the stratum of hypoblast and mesoblast below
the neurula being now only a relatively very thin layer which it has
apparently pushed down before it. The line of separation between the
Sensory and muscular layers at first coincided with the plane of their
Upper and lower surfaces, but as the neurnla grew in depth, this line of
Separation became more and more nearly vertical at the sides of the lat-
Fer. In the cod’s blastoderm this is accomplished about the tenth day
N embryos which hatch in from sixteen to eighteen days, aud before the
closure of the blastoderm over the yelk. The muscular layer has by this
time also heen quite separated from the peritoneal layer below it, and
the muscle plates, as we may designate the three-sided, longitudinal, lat-
eral magses of cells on either side-of the neurula, extend from behind
the optic vesicles up to the tail end of the embryo and are continued
Into the lower layer of the rim of the blastoderm at 7. The substance
of this rim seems, in fact, to be entirely incorporated into the building
Up of the embryo’s body, up to the time the blastoderm has inclosed
16 yelk., The neurula has meanwhile also been undergoing further
differentiation. At its front end in the vicinity of ev, Fig. 23, a distinct
ledian split or cleft has appeared in it which extends forward and
backward some way, but is not developed in the tail end of this structure,
his cleft or cavity in the fore part of the neurula represents the neural
¢anal of other types, and from it in the head region the cerebral vesicles
will arige at a later period. At the tail end, on the other hand, the
Deurula ig solid, and on the caudal swelling no trace of the medullary
8roove ig vigible. The caudal swelling is a mass of cells in which it is
impossible to discover any traces of the differentiation of lamin® or
ayers, except that of the outermost epiblastic or dermal layer. Tho
development; of the neurula proceeds therefore from the head towards
qle tail end of the embryonic axis, where it also grows in length as the
rm ¢ of the blastoderm advances to finally close over the yelk. Once
the clogure is accomplished the neurula becomes more defined at the
caudal region; it was greatly depressed Lere on the eve of closure, bus
the caudal end of the embryo rapidly thickens as it incorporates the
Caudal plate derived from the rim of the blastoderm. The now more
Pronounced development of the caudal extremity of the neurula is due
to a process very similar to that concerned in the formation of the keel
Or carina at the head end of the embryo; in fact the keel of the neurula
eévelops from before backwards just as does its lumen or cavity.
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The next event in the history of the development of the neurula is its
separation from the epithelial layer of the epiblast. This oceurs cotem-
poraneously with the development of its internal lumen, and proceeds
from before backwards. The epithelial layer, in fact probably the sub-
jacent layer of the corium itself, has tho same history, being developed
somewhat sooner in the cephalic than in thé caudal region. With this
the hitherto flat upper portion of the neurula becomes rounded off except
at the tail end. It is now separated from the skin. During this time
the skin has commenced to develop pigment in its deeper layer, 83
shown in Fig. 31. These pigment cells arc stellate and exhibit a slow
amaeboid or migratory movement as development proceeds, becoming
aggregated at a later period by this means into patches upon definite
regions of the body.

With the further progress of development the tail commences to bud
out from the caudal end of the embryonic axis, which at this point con-
tinues to become gradually thicker and more prominent and finally
swells out into a hemispherical prominence just above the point of
closure of the blastoderm. This is the rudiment of the tail of the embryo-
In an embryo sixteen days old represented in Fig. 32 the tail bas grown
out for a considerable distance, andit has been bent over to one side o
account of the confined space in the egg-membrane, so that its dorso-
ventral axis is turned at nearly right angles to that of the Dody. A
slight fold extends over its end and dorsally and ventrally which i8
entirely composed of the skin layer. This fold, #f, may be regarded a5
the beginning of the ewmbryonic natatory fold and develops in height
from behind forwards as embryonic evolution advances.

With the outgrowth of the tail the development of the neurula is
continued backwards and its extreme hinder extremity remains solid
as in Fig. 31, and continuous with the same mass of cells from whiclt
the chorda dorsalis or notochord ¢h takes its rise. This continuity of
the extreme posterior extremity of the notochord with the neurula is
maintained until the tail of the embryo is fully developed. Indeed,
after hatching even, in the young cod and most other forms studied by
the writer, the cborda is lost in a caudal cellular mass and its end is
not included within the urostyle until a considerable time after the
young fish is free. I have never met with young cod old enough to see
the development of the bones of the tail. The muscular layer is also -
continued backwards into the tail and clasps, on either side, the ncurul®
and chorda. Lastly the skin or dermal layer is also developed in extent
in order to keep pace with the tail as the latter lengthens. The whole
process of the growth of the tail is a very remarkable one, and in the
cod’s embryo, for example, itis hard to understand how the material for
8o much new structure is transported to its new location without the
help of a vascular system, no trace of which has yet appeared. The
new matter seems to be added by apposition and intussusception. Ho¥
much of this process may be due to the ameboid properties of the
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germinal matter concerned in building up new structures in the way it
which we seo that the tail is evolved we do not know. And yet itis
very hard to see how it is possible for new material to pass through and
around the cells and cellular structures already built up, to reach the
€xtremity of the tail in order to add to its length and bulk.

11.—THE DEVELOPMENT OF THE BRAIN.

The brain or encephalon of the embryo cod, on the fourteenth day,
has somewhat the form of a vertical flat rhomboidal sack, its interior
b¥untly pointed extremity being the rudiment of the cerebrum, and its
hinder part is continued into the anterior end of the neurula or neural
tube, as the embryonic spinal cord may now be called. On the tenth
day it already begins to become thicker behind the posterior borders of
the optic vesicles. DBy the cleventh day a distinet constriction of the
cephalic end of the neurula behind the eyes divides the latter into an
anterior and posterior portion, as shown in Fig. 27, but it can hardly
as yet be said that a cerebral vesicle has developed, for there is now
Present only a vertical cleft in the center of the cerebral end cv of the
leurula, The walls of the brain of Teleostean embryos of this stage,
unlike those of other types, are now very thick. They consist in fact
of two thick flat plates of cells placed vertically between the eyes. The
fivst constriction tf of Tig. 27 marks the boundary between the mid-
Tain and the cerebellum. At alater period a constriction appears a
lttle way behind this one which marks off the cerebellum and medulla
°b10ngata from cach other. This occurs about the twelfth day, when

e fore part of the brain rudiment also acquires another constriction
fvhieh separates the mid-brain from the cerebrum or fore-brain as shown
1u Wigs, 29 and 30. By the fourteenth day the cercbral regions have

€en developed and the first, second, third, and fourth vesiclesor cerebral
Cavities are present, but they still retain the laterally compressed form
¢haracteristic of the carly stages of Teleostean brain-development. '

The s0-called ventral bend or flexure of the encephalon in the embryos
of other types is almost null in the Teleostean embryo. In fact, I much

oubt if it can be shown that any flexure occurs, as the development
‘_)f the brain of the osseous fish can be accounted for on another princi-
ble. With the great development of the ventral keel of the neurula at
¢ head end of the embryo the vertical depth of the encephalon is
avlmf)st as great as when the cerebral vesicles are developed. If an in-
Vagination upwards and forwards of the floor of the-brain now takes
‘lc)_lace, 80 as to develop the infundibulum in front of it, the construc-
t'l°“ of the brain of the late stages is attained. My reason for holding
hat.the infundibulum is developed in this way, is the fact that no per-
:’leDtlble downward flexure of the encephalon ever occurs prior to the
i:"elopment of that portion of the brain, Moreover, the infundibulum
developed long before the head becomes free from the yelk-sack, and
erefore before a downward flexure of the brain is possible to any
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marked extent. Doubtless, the infundibulum is also partially developed
as a downgrowth of the floor of the brain, but this need not involve the
whole encephalon in a downward flexure. During the earliest stages
of the brain development here described, the whole brain region is but
little wider than that of the body ; with its more advanced development,

' however, the cephalic end of the embryo widéns, in consequence mainly
of the rapid growth of the mid-brain in a lateral direction. If a section
of an embryo’s head is prepared of the age of Fig. 30, cutting through
the region of the mid-brain, the mid-brain cavity will be shown as 2
cruciform opening, the lateral portions passing into the hollow lateral
lobes, mb Fig. 30, which are pushed out towards the eyes. When, how-
ever, sections of much later stages are prepared this arrangement dis-
appears; the optic thalami have acquired greater development; in fact,
the whole ventral portion of the mid-brain has augmented in volume,
and the origins of the lateral lobes seem to have been elevated while
the lobes themselves curve down over the underlying brain substance,
abutting laterally against the eyes and behind against the cerebellum.
The lateral lobe of the right side of the mid-brain is shown at I in Fig.
28. '

Behind the infundibulum, shown in Figs. 28,29, 30, and 32, the medulla
oblongata has a very thick floor, in just hatched embryos, while the
roof of the fourth ventricle, contained in it, is quite thin. The thick
floor of the medulla in embryos of Alosa, three days old, passes straight
forwards over the infundibulum to justabove the optic thalamus. The
bundles of commissural fibers connecting the various parts of the brain,
especially those arising from the floor and traversing its substance in
various directions, I have not traced. This portion of the medulla is
shown in the optic section represented in Iig. 28,

The pineal gland appears as a,mesial outgrowth from the anterior
portion of the mid-brain, being fairly developed on the eve of hatching
or shortly before it, as indicated in Fig. 32, at pn, in a side view of an
embryo cod on the sixteenth day of incubation. This organ has recently
received a good deal of attention on account of the relation it has been
supposed to bear to the primitive mouth of the vertebrates. Goette has
described it as being a product of the point where the roof of the brain
remains longest attached to the external skin in amphibian embryos,
and he compares the pineal gland to the long-persisting pore which
leads into the neurula of the embryo of Amphiozus.

Some days after hatching I have taken the embryos of Alosa and pre-
pared longitudinal vertical sections of the bead in order to-discover
what might be the true relation of the hypophysis to the infundibulum-
Dohrn * has recently investigated this feature of the development of
Teleostean embryos and has arrived at the conclusion that the hypoph-
ysis is really formed from the hypoblast and not from an epiblastic

» Studien zur Urgeschichle des Wirbelthierkorpers, Mitth. aus der zobl.  Station P2
Neapel, 111, 1881.
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oral invagination, as is the case with birds, mammals, Elasmobranchs,
and Amphibians. I have a number of such longitudinal sections of
4losq which show the hypophysis connected with the oral ephithe-
linm by a narrow stalk. In sections of much earlier embryos 1 find it
exceedingly difficult to detect this. structure with certainty. I Delieve,
hOWever, that Professor Dohrn is quite right in holding to the belief
that it does not originate from an epiblastic involution of the stomo-
d2um. In factit would almost seem to be demonstrated that the mouth
of the youug fish is developed, as Dohrn shows, from behind forwards
and that it really has no stomodaum.as we know that structure in
other forms. According to the above mentioned authority the mouth is
developed from the anterior part of the mesenteron and that it at first
grows out as two narrow, pointed, horizontal clefts which break through
at two points on either side of the middle line even before the head has
grown out over and beyond the epiblast which is continued over the
8nout and down over the yelk. This is a very singular state of affairs,
?ut I am not assured from my own investigations that what was observed
In vertical longitudinal sections of Hippocampus and Belone will apply to
4losa, The origin of the mouth of the Teleostean embryo is a very
difficuly, subject to work out. In embryos in which the mouth is just on
the eve of opening I cannot convince myself positively that I can see what

ohrn clajms to have done. It is true there seemsto bea less pronounced
development of the oral tract of hypoblast near the point where the mouth
ought to open in the middle line, but I cannot convince myself of its total
absence. In sections off of the middle line the walls of the oral opening
are more pronounced, but I can not yet agree that it is decided that the
Inouth of the Teleostean embryo first opens at two points a little way off
of the middle line. Inliving embryos as well as in hardened ones, treated
With chromic acid, the mouth opens as a small tranverse opening, and as
develOpment proceeds the rim of the upper jaw is carried forward beyond
the line of the lower. But thisis digressing again from the subject of the
' hypophysis, which it appears we cannot regardin the present state of our

Nowledge at least, as certainly originating from an oral invagination.
Although the hypophysis is not a part of the brain, as has been positively
demonstrated by Rathke, Goette, Balfour, Dohrn, and others, its develop-
ent naturally falls within the limits of a description of the formation of

at organ, Itis averydiminutive structure in Teleostean embryos,even
after hatching, and is pushed up between the cranial trabecule, still
Tetaining its connection with the oral epithelium even on the third day
- after incubation in Alosa. It rests in a bowl-shaped depression on the
OWer face of the infundibulum and only two or three of a series of thin
Sectiong through the mesial region will usually strike it.

The pineal gland, on the other hand, is clearly a part of the brain;
Sections through the middle line often strike it and show it as a de-
Dl‘essed, biscuit-shaped body with a stalk at its anterior portion con-
- Decting it with the forepart of the roof of the- mid-brain. It is very
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difficult to see this part of the brain distinetly in living embryos, on
account of their transparency and the consequent impossibility of mak-
ing out its limits with distinetness, surrounded as it is by structures
very similar in optical character.

Tn a few instances I have succeeded in getting horizontal sections
through the plane of the optic crus of embryo fishes. It presents noth-
ing different, at a relatively Iate stage, from what is seen in the structure
of the same part in the adult. The development of the cerebral hemi-
spheres seems to take place relatively lute in embryonic life, and they
also retain a remarkable solidity. The cerebral hemispheres growsome-
what in size after the larval period of development is past, but in most
Teleostei they never attain the dimensions of the mid-brain.

12.—THE OLFACTORY AND AUDITORY ORGANS.

At a comparatively early stage of development the nasal organs aré
differentiated from a pair of small circular tracts of the sensory layer
of the epiblast lying between the auterior extremity of the neurula and
the optic vesicles as shown at na in Figs. 26 and 27. At a late stage,
with the advance of development and the consequent growth and shift-
ing of the parts in relation to each other at the forepart of the head, the
nasal involutions or sacks are displaced downwards so that as the head
of the embryo grows in thickness and juts forward more, they are car-
ried down nearer to the point where the mouth will open. They thus
finally come to lie nearer the margin of the upper jaw than would Lo
supposed possible, judging from their original position. They are at
first simple thickenings of the sensory layer; by tho fourteenth day iu
the young cod they have been completely involuted as thick saccular
depressions continuous at their borders with the skin. The thick co-
Inmnpar epithelium which clothes them is the olfactory or Schneiderian
membrane, which during the later larval or even, in most cases, proba-
bly, the post-larval stages become involuted into folds which have 2
radial arrangement on the floor of the nasal sack, with secondary ridges
‘connecting them. During this time also the nasal membraneous bridge
is developed across the pit, in consequence of which it acquires ventral
and dorsal openings which communicate with each other. The bridge
itself may in some cases be developed as a considerable flap-like exter-
nal process, or there may be a considerable space intervening between
the dorsal and ventral openings of the nasal organ. Theother changes
which the olfactory organs undergo during the post-larval development
of the young fish are principally those of position and changes in the
length of the olfactory nerve. This last is at first extremely short. [
believe it to originate primarily from the upper hinder portion of the
neurula destined to form the cerebrun, from what Marshall and Balfour
have called the neural erest; at any rate, there is much to favor this
view from what we may learn from an examination of stages such as
those represented in Figs. 26 and 27. As development proceeds, its
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origin would seem to be carried downwards like that of the optic nerves
or stalks as they may at first be called; but of course the olfactory
lerve develops later than the optic. In relatively late stages, or after
hatching, transverse sections show the roots of the olfactory nerves
arising from the sides of the cerebral lobes and passing to the nasal pits.
As the snout develops, however, the nasal organs of the young fish as-
Sume g more elevated and posterior position, while in some cases, in
c?llsequeﬁce of the great forward development of the vomer, parasphen-
0id, ethmoid, premaxillary, prefrontal, and maxillary bones, the nasal
organs are carried very far forwards so that the olfactory nerve may
require to be prolonged several inches in the adult before itreaches the
nasal organ.

The auditory organs, like the nasal, are involutions of the sensory
layer of the epiblast. In the cod their rudiments begin to develop on
about the tenth day; by the twelfth, at first apparently solid, their in-
Volution has been completed, and they are ‘present on the fourteenth as
4 pair of very thick-walled ovoidal vesicles, with a very small cavity, as
Shown in Tig. 26, au. This internal cavity gradually inereases in size,
while the walls themselves become gradually thinner. The contents of
the vesicle is apparently a fluid lymph; on the fifteenth day two very
Tefringent bodies make their appearance in the auditory vesicle on its
internal wall; these are the otoliths, the asterisk and sagitta, as they are
Damed, respectively. With the development of the auditory vesicle
they inerease somewhat in size; they are calcareous in composition and

ave a depressed spheroidal form, with a radiate fibrous structure.
The exact mode of development of the otoliths is not well knowu. With
the progress of development the auditory vesicles elongate somewhat
antero-posteriorly, the inner portion becomes vestibular in character,
and the otoliths lie against its inmer wall, near the ventral DLorder
Of the sack. At the time of its involation it would appear that the au-
dltory nerve or its rudiment was developed from'the side of the hind

rain, Sections of the later stages through the auditory vesicles show
the roots of the auditory nerves arising from the side of the medulla,
bretty high up, and curving down on the inner face to the lower anterior
bart of the inner side of the auditory vesicle. They enter the vesicle
on its lower inner side, and terminate in a cushion of columnar epithelial
cell.g, which are surmounted by fine, hair-like protoplasmic filaments,
Which project freely into the endolymph of the utriculus, as we may
call that portion of the auditory vesicle at this stage of its development.

he sensory terminal cushion, in which the auditory nerve ends, is evi-
dentl)’ an acoustic macula; in its vicinity pigment cells are usually

e"_eloped in considerable numbers some time affer incubation. The

Orizontal anterior and posterior semicircular canals are apparently
de"eloped by the infolding of the walls of the auditory vesicle. These
folds first appear as ridges, whiclh apparently grow inwards in such a
Way as to shut off the semicircular canals from the vesicle, except at
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their ends. Beyond this stage I have not followed them, and it only
remains to suggest that the canals are further developed by growth in
length, in the course of which the curved tubular portions are elevated
and separated from the utriculus. As regards the sacculus, I have 1o
observations of value to record; this structure, as far as I can make
out, seems to be developed during the post-larval period. The conuec-
tion of the auditory vesicle with the air-bladder seems also to take
place at a late period, for in all the forms observed by me the diverticu-
lum of the fore-gut, which gives rise to it, is quite rudimentary, even up
to the time when the semicircular canals of the ear have been formed.
It only remains for us to call attention here to the fact that both the
auditory and olfactory organs are less intimately connected with the evo-
lution of the neurula or larval nervous system than the eyes, which are
connected with it from the first moment of their development, seeming,
in fact, to be mere ontgrowths of that system. The internal ears and
the nasal organs, on the other hand, are formed as paired involutions
of the epiblast, their connection with the nervous system being estab-
lished in a manner entirely different from that of the eyes.

13.—THE LATERAL SENSORY ORGANS OF THE LARVAL COD.

These organs have a ratber singular distribution in the young cod-
fish just hatched. There are five of them to be seen on either side of the
body, as may be noticed in Figs. 40 and 42, buton the head and on the
gide of the body they are not placed on the middle of the side, as they
are on the tail. - About three of them are placed on either side of the
tail, as may be seen in Fig. 42, at sh. A nerve filament, nf, Fig. 43,
passes out to each of them, and is presumably connected with the nerv-
ous system, but the exact relations of these nervous connections I have
failed to make out. The nerve fiber which passes out to the one on the
head, Fig. 40, sk, appears to arise from the medulla oblongata; in the
one behind the pectoral fin, on the side of the body, at the base of the
dorsal natatory fold, the nerve going to it seems to arise from the
spinal cord. In both cases faint filamentous prolongations from these
‘two nerve eminences are seen to be prolonged anteriorly and posteriorly
in the skin. These filaments, I take it, represent the nerve of the lateral
line, evidence of the presence of which is seen in the serial arrangement
of the sensory eminences, sk, themselves. They are not nearly as numer-
ous as the muscular segments, a feature in which the larval cod differs
greatly from the larva of Gambusia patruelis where these sensory eleva-
tions correspond exactly to the number of muscular segments. This
segmental arrangement of the sensory eminences or nerve hills has also
been noticed in other larval fishes by Schulze, and is an exceedingly
interesting fact. In a good many other forms of larvae of osseons fishes
these lateral sensory eminences are not developed at all at the time of
hatching. This is the case with Alosa and Pomolobus. We have there:
fore all grades of their development in known types, from none to & few
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in Gadus, on to that in which every muscular segment has its corre-
8I)Onding pair of nerve hills or eminences. Their function is evidently
4 sensory one, and their serial relation to the auditory, optic, and olfac-
tory organs is at least suggestive, if nothing more. The structure of
these hills, however, bears a most remarkable resemblance to the end-
Ing of the auditory nerve in the auditory vesicle, even as regards details.

They appear to be mere local lenticular thickenings of the skin, con-
Bected by a nerve filament with the spinal nervous axis, and with
Careful illumination one may see that these bodies are surmounted
eXterna-lly by very fine, hyaline protoplasmic filaments, which extend
fl‘eely into the surrounding water, but which are perfectly rigid and
mmobile. In this they exactly resemble the similar filaments which
are met with surmounting the macula or cushion-shaped termination
of the auditory nerve, There is much room here, for one disposed to
8Deculate, to suggest a probable explanation of such remarkable resem-

lances, Dercum has suggested that they may possibly serve to appre-
Clate vibrations not perceptible to the ear, serving perbaps to enable
the animal to detect the approach of another body, which starts the
Surroundin g fluid medium into slow vibration. Their columnarepithelial
Structure has been determined by observers, bDut the nature of the
Drocess by which they become converted into the covered system of
the Jateral line, as found in the adult, still remains to be worked out.

2 the adult, one or more rows of scales are often involved in the struct.
ré of the canals of the lateral line system, these scales having a tube
di“:\’eloped along their longitudinal axis, or it may even be brauched.

Vithin thesertubes, which also open in various ways to communicate
With the outside, a complex system of nerve buttons or eminences are
found, which aro evidently akin to the nerve hills found in the larve
a5naked dermal elevations. Some of the mounted preparations of these
Structures of the adult, treated with osmic acid and hawatoxylon,
brepared by Dr. Dercum, have a remarkable likeness in sowme respects
% the ending of the eighth nervein the auditory vesicle of larval fishes.,

Balfour found the lateral linesystem of Elasmobranchs to beinnervated
from the ninth pair or vagus nerve. Such a relation of the first nerve

ill on the head of the young cod is conceivable, but I am assured that
Uervous fibers pass inwards separately to the nervous axis from each
of the others behind it, so that such a relation to the vagus is here
Scarcely possible for the latter. The inclosure of the lateral line system
18 probably accomplished by the development of folds of the skin above
and below the series of nerve hills, these folds coalescing finally to form
A canal open to the exterior at intervals.

. The single median barbel on the lower jaw of the adult cod is alsoa
Sensory organ of a special kind, but is not developed until the young are
older than the oldest figured in the plates accompanying this memoir.
1t is vherefore developed during the post-larval stages. Leydig has in-
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vestigated these structures in other forms microscopically, and shown
them to contain sensory end-organs of a highly specialized character.

Besidesthe foregoing nervous dermal structures, there are presentupon
the skin of the larve® of some forms a very singular type of structures
which have apparently not been much stadied. These are the goblet
cells of the skin. Their function is probably not sensory, but secretory,
pouring out a mucous substance over the skin., In the early stages of
young fishes generally which 1 have studied they are usually absent;
in fact, I have never met with them except in the larvee of those Sal-
monoids with large ova and embryos. They are apparently unicellular,
(Gegenbaur); at least this is their appearance in the young of Salmo
and Oncorhynchus. In form they are glcbular, with a wide, trumpet-
shaped mouth or external extremity, which apparently represents the
efferent opening of these unicellular glands. They are very numerous,
imbedded in the epithelium of salmon embryos, aud are found all over
the head and body, extending even over the whole of the yelk-sack,

- which is thickly studded with them.

14.—DEVELOPMENT OF THE NOTOCHORD.

The disputed question of the particular layer from which this organ in
the Teleostean embryo is derived I am unable to settle definitely. Some
authorities hold that it is derived from the ventral edge of the neural
keel by delamination, being split off from before backwards as a chord
of cells. It is not certain, however, that it may not originate from the
lower layer or hypoblast, and not from the neural keel; at any rate, &
more exhaustive study of the subject is still required before a definite
coneclusion can be reached in regard to the origin of this organ. It is
developed before the intestine acquires a lumen. and while that structure
is still a solid median band of hypoblast cells, lying just below the prim-
itivechorda. Trausverse sections show it asadistinet, slightly depressed
rod or cylinder, which extends from just behind the infundibulum, be-
low the medulla oblongata, to the caudal plate or mass of cells, in which
its posterior extremity is gompletely lost. The cells of which it is at
first composed are not distinguishable from those of the mesoblastic
muscular and splanchnic layers on either side of it, but by the time of
the closure of the blastoderm over the yelk its presence may be very
easily detected in the living embryos as well as in transverse and longi-
tudinal sections of the same, having been distinctly segmeunted off from
the adjacent structures in the vicinity. With the downgrowth of the
peurula to form the carina, the mesoblastic tract or layer has undergone
changes of development, or rather localization, on either side of the mid-
dle line, by which the muscalar layer becomes completely separated into
two lateral longitudinal masses, with the chordalying between them, and
with only a very thin stratam of splanchnic mesoblast underlying, from
which it would appear that the aortic and venous trunks of the body
and the peritoneum arise ata later period. This splanchnic layer is in -
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fact, at this period, almost if not quite continuous with the hypoblast
bGlow; at any rate, it.is not fairly differentiated as a separate layer until
after the chorda has been clearly defined. Up to this time the muscular
Mesoblast is quite solid and composed of closely packed equal-sized cells.
After this stage has been reached the chorda cells themselves commence
to enlarge, and the whole chorda acquires a gradual avgmentation of
Volume, affecting most conspicuously its diamcter. 1t also loses its de-
Dressed oval form as seen in section and becomes cylindrical. With the
lnerease in diameter, the chorda cells also undergo other changes of
8hape, in the course of which they become columnar, with their longest
axes arranged transversely to the axis of the chorda itself. They are
ﬁnally so disposed that in longitudinal sections the chorda cells appear
38 if they were arranged into a series of disks placed transversely within
the chorda sheath, which has by this time appeared, or at the stage of .
dﬁvelopment shown in Fig. 31. The chauges which now follow are very
Singular indeed ; between or within these discoidal masses of chorda cells
Cavities appear filled with fluid. These cavities, like the disks or cel-
lular septa, are also placed transversely to the axis of the notochord, and
are at firgt lenticular in form, but by degrees they enlarge and displace
the chorda cells, as if they were being pushed to the notochordal wall
Or gheath, The protoplasmic basis of the notochord gradually disap-
bears from the axis of the organ, until it is wholly replaced by the fluid
tavities, which have increased enormously in volume. - The walls of the
Cavities which make up the axial part of the chorda are exceedingly
thin’ and in just-hatched embryos of several genera 1 have as yot failed
10 discover any trace of nuclei in those portions of their walls which ex-
tend into the body of the echorda. The walls of the cavities must have
éen derived from the protoplasm of the cells of the primitive chorda,
and their puclei have probably been transported to the walls of the
thorga sheath, where they seem to be very much flattened and spread
Out upon the inner surface of the outer walls of tho great vesicular
celly composing the chorda. Lieberkiihn® compared the great vesicular
Cells of the chorda filled with fluid fo the vegetable eell with its parietal
1ayer of protoplasm contained in a cellulose wall, the whole inclosing a
arge sap cavity. This comparison would seem to be fully borne out by
the foregoing description of what may be witnessed in the development
ofthe notochord of osseous fishes. The probability —in truth, the fact—
Must be this: The lenticular vacuoles which we find to originate within
the chorda at an carly stage are not developed interstitially between -
.the disk-like tracts of primitive chorda cells, but in the cell substance
self. Agthe vacuoles enlarge they become covered by alayer of plasma,
Which becomes gradually thinner as the vacuole enlarges. The fluid
Contents which are found in chorda cells have been accumulated by a
PTOCess of transudation from the surrounding tissues. Asthe vacuolated

S

.N‘ U,Ebc" Bewegungserscheinungen der Zellen,  Schr. d. Gesellsch, z. Beford. d gesammdt.
Aturwissensch. z. Marburg. Vol. IX, p. 337, 1870,
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chorda cells enlarge they lose their lenticular form and gradually become
polyhedral, and bat two to three of them are found side by side in any
one diameter of the chordas. As the growth of the tail of the embryo
proceeds, the chorda not only increases in diameter, butit alsolengthens,
together with the other parts of the candal extremity, and the metamor-
phosis. from the solid condition to the vacuolated one proceeds from
Dhefore backwards to the slightly swollen caudal end of the chorda, where
it is still in connection with a candal mass of undifferentiated cells, even
after great advances in its development have been made at its anterior
end, as shown in Fig. 34¢. The sheath of the chorda also becomes thin-
ner as development advances, and in Alosa, for example, the sheath seems
to be formed mainly of the walls of the vacuolated cells which come to
the surface. This view of the fate of the walls of the chorda cells lying
next the surface of the notochord, with their parietal nuclei, seems also
to be in accord with those of Gegenbaur and Balfour. The contents of
the vacuolated cells of the notochord in the embryos of osseous fishes
are not gelatinous, but quite fluid, and may for the most part be ab-
stracted by alcohol or glycerine, causing the chorda to collapse more 0T
less notably.

The volume of the chorda as observed in the embryos of different
genera of the same relative age is subject to a very marked variation.
In proportion to the bulk of the remainder of the embryo it is most volu-
minous in the just hatched young of Alosa and Pomolobus. In other
families I have never met with it in anything like the same proportion-
ate size as compared with the other parts of the body. In cross-section
in the Clupeoids it will measure quite three times as much proportion-
ally in area as in Gambusia, Cybium, Tylosurus, Gadus, Parephippus, Salmo,
Idus, Esox, Morone, and Hippocampus. In the last-mentioned genus no
caudal fin is developed, and hence its terminal end undergoes no upward
flexure, a8 is the case with many other forms of Ganoids, Teleosts, and
Elasmobranchs., Iu Siphostoma also there is apparently no alteration
in the direction of its caudal end, for here the five or six caudal-fin radii
are formed homocercally in the tail fold without affecting the direction
of the notochord. The tail of Hippocampus is prehensile, however, be-
fore the differentiation of the vertebral bodies, and while its skeletal
axis is still entirely notochordal.

1t would appear that in some forms, at least as development advances,
the vacuolated cells of the notochord divide and become smaller. This is
apparently the case with Gambusia patruelis, in which we may also noto
a general acceleration in the development of the notochord, by which
it presents a tendency to form the external skeletogenous layer and be-
come constricted at points corresponding to the muscle segments, to form
the vertebral bodies, even before the yelk-sack is absorbed. In the em-
bryos of this species we also find the cartilaginous sheath very thick ab
period, and the constrictions, which are visible as the first indications
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of the commencing development of the vertebral bodies, have a shape
Somewhat like an hour-glass with a wide neck, the narrow portion rep-
Tesenting the middle of the future vertebral centrum. In Alosa of the
Same relative age as Gambusia the gheath of the notochord is exceed-
ngly thin, and cannot be made out even in sections as anything more
than the merest film. In Salmo, on the other hand, the notochordal
sheath, at the time of batching, is a thick homogeneous membrane.
86veral times the thickness of that found in embryos of Alosa of the same
age, and thicker even than that of Gambusia. It follows from what we
PaVG learned, from the foregoing comparisons, that we are not warranted
n Proposing any general theory of the development of tho notochordal
Bhea,th’ even within the limitsof a group as restricted as that of T'eleostei.

f the development of the membrana elastica externa, which covers the
Botochordal sheath, I have nothing to say, not yet baving been able to
onvinee myself of its presence in Alosa, for instance.

It has been insisted that Teleostei “may fairly be described as pass-
g through an Elasmobranch stage, or a stage like that of most pre-
Juraggic Ganoids, or the sturgeon, a8 far as concerns their caudal fin”
(Balfour, Comp. Embryol., II, 64). We Lave already noted two excep-
tions to this rule in the singularly modified pipe fishes and Hippocam.
bus, It now remains to call attention to another type in Gambusia,
WPere the extreme tip of the notochord is bent upwards to only the
shghDGSt, degree; so slightly, indeed, that its extremity is not raised
above the level of the dorsal line of the notochord, although the hypural,

@ urostylar cartilages, and the rudiments of the nearal and haemal
Arches are developed. This isina comparatively late stage, but when
Ve come to study still earlier stages we do not even find any evideuce of
the dorga] prominence the same as at the margin of the tail fin of embryos
of Salmo, which is clearly the margin of the embryonic caudal fin, where
th? tip of the notochord grows backwards and obliquely upwards into
Fhls rudimental structure. Balfour is also in error when he says that
It Salmo the rays of the caudal fin appear sinultaneously above and

elow the end of the notochord. This is actually the case, however, in
G‘}mbusia, where at least three fin rays arise even above the end of the
Still cartilaginous urostyle, while six develop above the level of the
Dotochord jtself, This subject has been most fully discussed by A.
8assiz, to whose invaluable wemoirs on the development of the cau-
al fin embryologists will in future be obliged to refer for data.

The anterior flexure of the notochord also varies counsiderably in dif-
.ferellt forms. In Alosa it is slight after hatehing, but in Hippocampus it
18 Cxcessive, and is accounted for by the extensive downward flexure of
the head in the region of the neck of this singularly modified Teleost.

The subnotochordal rod is developed as a strand of cells in Alosa and

abmo, just below the notochord. (Ellacher calls it the aorten-strang,
&g' :Vhicb ho seems to imply that it shares in the development of the

I'ta,

8. Mis. 46—33
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15.—DEVELOPMENT OF THE RIBS.

The frame-work of the trunk in Teleostei varies greatly in charaoteri
the heads of the ribs also vary in different forms in relation to thelf
positions with respect to the vertebral axis and the notochord itself
and it is on this account that it will not bé possible to frame 2 generd
theory of their development from the study of any one form. In gom®
the heads of the ribs articulate with the hemal processes; in others
some distance below the vertebral axis, or directly with the sides OI
the latter. All that I propose to do at present is to record what
bave observed in relation to their development in a single typeé nOO
hitherto the subject of embryological investigation. In this ca8® th
relation of these skeletal appendages to the notochordal axis wad se
intimate that their discussion may appropriately follow that of th
notochord itself. :

The form in question in which I bave observed some of their stages
of development is Gambusia patruelis of Baird and Girard, whicb *
already remarked, tends to develop its skeletal frame work very Pr;e
- cociously as cartilage, even long before the complete absorption of b
yelk-sack, which is an unusual feature, and one to be account
probably by the fact that this species, like Cyprinodonts generally’
develops its young within the ovary viviparously to a remarkable def
gree of advancement. The embryos used were in an advanced gtate 0
gestation in the ovarian follicles, from which they were removed 3%
cut into transverse and longitudinal vertical sectious.

In this genus the cartilaginous rudiments of the ribs were foulfd t'lo
abut directly against the notochord at its side and above the I 0
of the side, where the head was someéwhat larger in circumferer®
than the distal portions. At the hinder portions of the body ca"ltﬁf
their origins were somewhat more ventral than in the middle and antl‘:- :
rior regions. They arise in pairs and extend obliquely outward, bac i
wards, and downwards between the muscular and splanchnopleural lay
ers, following the intermuscular septa as perfectly cylindrieal rod§, at
appear to be surrounded by a stratum of connective tissue, whic ]
continuous with that surrounding the notochord, and in which pres'ufzr
ably tbe ossification of the vertebral bodies and the first superfic!
sheath of bone of the ribs themselves will take place at a later P‘_-"’r‘o )
From their origin at the sides of the notochord, in the middle regio? Q‘
the body, they bend downwards and follow the courses of the geptd .
tween the muscular plates, just where these terminate on the splan® .
nopleure. The foregoing describes fairly their relations to the gurrout
ing tissues, but their finer structure is somewhat remarkable and 8
for special notice. They do not present the appearance of cartilage a’
seen in the cartilaginous rods of the branchial arches of the same ehe
bryo, nor that of the parachordal plates or trabecular cartilage of t

base of the skull. They, in fact, recall nothing of the structuré of #oY
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Other part of the embryonic skeletal frame-work of any form.w‘ith which
Am acquainted, Perfectly cylindrical rods from their origius at the
Sides of thq notochord, they consist of a single row of hollow, dlscmda.l,
3Pparently vacuolated cells, apposed by their flat surfaces. In their
Yacuolated condition their component colls resemblo the notochord, of
Which they are evidently appendages, as already stated. The question
Dow arises, do they originate from a single line of solid cells along the
“termuseqlqr septa? Their condition as observed by us would appear
0 favor such g, view. The question is also raised as to their appgndwul&r
Telation to te notochord; and what is the significance of their direct con-
lection vty the sides of the chorda? They appear like miniature la‘t,eml
TeDetitions of the chorda, but, unlike it, to be formed of but a single
ear row of vacuolated cells. Their points of insertion I have not
CItainly determined to be intervertebral, but such they probably
are., S.in(}@ their courses follow the muscular septa. Hoffman has urged
3 Similar rolation of the ribs and chorda in the embryos of other forms,
ave not seen his paper on the subject. At these st-a-ges.of devel-
tof Gambusia the wuscular plates were far advanced in devel-
tand a-lréady presented the condition of a con gerie§ of ﬁb.rllla,.ted,
ical, or oval bundles of muscle fibers, and the distivction into
Or80-latera] and ventro-lateral masses, with the horizontal lateral septa
of cvonnective tissue developed between them. . ' od
. 0 observations on the development of the ribs ot: the }0111'18‘ ¢ 1
Vere Wade, for the reason that no embryos of a sufficiently advance

B n
bate of growth could be obtained.

Opimey
Opmey
Cyling

16.—DEVELOPMENT OF THE SKULL.

Upon tuig subject little can be said here, since, on account of the very
Minute 8ize of the embryo cod, I have not yet subjected the head of
© larva ¢ g thorougil oxamination by means of sections, the only
pr.acticilble method of studying this part of the skeleton of such a,.form.
. ISsection iy out of the question. Stated in general terms, my inves-
elgatiOD has been conducted as follows: By carefully compressing the
olfnbryos under a compressor of the proper form, the cartilaginous basis
.the chondroeranium may be revealed if a dilute solution of acetic

¢ "¢ 18 used to develop the cell contours. I have also found t-halt :h:ls
‘v.oudrOCI‘anium of larger forms of osseous fish laf‘vm cfmld bfb isola eh
lt.h tolerable success with the use of a weal solution of cz‘mstlc potash,
) r1(:h destroys the other soft parts, but does not so readily attack the
ucture of the embryonic cartilage. ) ted

8 & result of such modes of investigation, it may, I believe, be Stf"‘ e

Ecnerally true that the basicranial plate, perforated by the pituitary
A¢e and ensheatbing the anterior end of the notocho{‘d, is the first
210 "ton of the trug skeleton to be developed in osseous fishes, but the
{e].eta'l axes of the branchial and hyomandibular arches develop their
'ents abowt the same time. The branchial arches are formed from
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the mesoblast of the inner medullary portion of the fleshy branchial
arches; the branchial blood vessels are formed in the outer and hinder
part of the same medullary tract, which is continuous above with the
same layer of tissue from which the cartilaginous basis of the craninm
is developed. The romarkable rescarches of Prof. W. K. Parker upo?
the development of the skull of the salmon leave nothing to be desired
upon that group, but I am assured that many details of the process
still remain to be worked out for other forms. For instance, the palato”
pterygoid bar does not seem to develop relatively so early in other
forms (Alosa) as we find in the salmon.- Nor is the rostral portion ©
the basis of the skull nearly so precociously developed; the supraof
bital bar is also weaker and arises at a comparatively later stage in
Alosa. In fact this tendency to manifest a later dovelopment of the
skull in these types appears to be related to the general backwardness
of the condition of development of the median andpaired fins. In
Alosa, for example, there is no sign of cartilaginous fin rays at the time
of hatehing, while in Gadus they are even later in making their appear
ance. In the salmon, on the other hand, evidences of rudiments of 2
rays have already made their appearance at this stage in the tail, in
the dorsal, anal, and pectoral fins, while the rudiments of the ventra
fins are promivently developed while there is still no sign of them i
the embryos of Gadus and Alosa of the same stage. In Gambusia agai
in conformity with the generally accelerated condition of the dovelop”
ment of the skeleton of the embryo, the skull shows a like tendency ©
be more fully formed at an early period. In it the cranial tegmen, lab-
ial cartilages, the intermaxillary rudiment, supraorbital bars, branchid
and hyoidean apparatus have reached a stage much more fully differ-
entiated than in other forms of the samne relative age. In the embryos
of Alosa, for example, at the time of batching, the basihyal and glosso
hyal cartilages are still in the form of an unsegmented plate, while i
Gambusia they have been developed long before incubation is complete:
The Meckelian cartilages of the lower jaw, however, develop concw”
rently with the oral opening and grow in length as its gapé increases:
The quadrate cartilage retains its solid junction with the mempterygoi
in the slow-developing forms above alluded to, just as in the salmon:
Conscious of having added but little that is new to this part of the
developmental history of osscous fishes, we leave this portion of the
subject for fuller treatment at some future time,

17.—~THE DEVELOPMENT OF THE UNPAIRED OR MEDIAIN: FINS.

The development of the unpaired fins from a median dorsal and ver
tral natatory fold seewms to be general amongst osseous fishes, with ouly
a few unimportant exceptions, wmainly amongst Lophobranchs. In tho
cod embryo the natatory fold here alluded to appears soon after the
tail buds out from the caudal plate. It is at first a low fold of the skiny
as at nf, Fig. 32, which extends over the end of the taikand forward 0B
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f:’f:) dorsal and ventral median line. With the progress of development
ecomes more conspicuous, growing in height, so as to soon be very
Iuch wider, as may be seen in Fig. 34. Its first appearance is heralded
¥ a faint doubling of the skin upon itself, so as to project outwards as
A median ridge, extending from the point of origin of the tail at its ven-
tml.margin from the yelk-sack back over the caudal extremity and pro-
gl’essively forward over the median dorsal line towards the head. By
the time the embryo leaves the egg this fold extends forward on the
ack as far as the.pineal gland, or to a point just behind the forebrain,
8 may e seen in Fig. 40. Its development, however, ig continued even
B"_’“ewhat farther forward fourteen days after hatching, as shown in
"1g. 45, until it ends almost immediately between the pasal pits. At
this time its extreme anterior extent gives to the young cod a very sin-
8ular appearance as viewed from the side, such agis not met within any
Other form which 1 have studied. In outline, as viewed from the side,
%le Young fish now bears a resemblance to the conventional representa-
lons of the dolphin in old sculptures. ’

The natatory fold is now actually wider than the caudal portion of
_the trunk, but it is quite thin and comprises only the skin folded upon
tself, its whole thickness being mainly, if not entirely, derived from
he epiblast. At first, in all forms known to me, the caudal portion of
the natatory fold is rounded in outline, as scen from the side, but may
38sume a fan-shape, even before a single caudal fin-ray has been devel-
Oped in it, as is the case in Alosa and Pomolobus. In others, again,the
Tays begin to develop before the caudal portion of the primitive median
Datatory fold has become fan-shaped, as may be seen in Salmo and

neorhynchus, In still others there is no continnous median fin-fold

oveloped at all, as in Gambusia, Siphostoma, and Hippocampus, and the
Median fing grow out at first as short, local, dermal folds, in which fin-
rays soon afterwards develop. In thoso forms in which the unpaired

18 are developed from a continuous median fold, the dorsals, anal, and
€audal are evolved only in certain regions of the fold itself, the por-
tions of the latter, which do not become fin rudiments, atrophy. Balfour
Says (Comp. Embryol. 1I, 63) that ¢ the dorsal and anal fins are devel-
Oped from this fold by local hypertrophy.” The process, however, when
n&rrowly studied, presents features the significance of which connot be
g apprehended under the term hypertrophy. As stated at the out-
8et, the median larval fin-fold is at first a mere outward duplication of
the skin containing no mesoblastic {issue between its laminwm, but as
S0on ag the positions of the fin-rudiments are defined wo may note that
there hyg heen an outgrowth of mesoblastic tissue into these regions,
CAusing them to become thicker and less transparent. With the prog-
Tess of this process, the mesoblastic tissue gradually advances toward

© margin of the fold, insinuating itsell between the epiblastic walls of
the continuous fin of the larva. Soon afterwards it becomes evident
that the fin-rays are becoming differentiated by the mesoblastic tissue



518  REPORT OF COMMISSIONER OF FISH AND FISHERTES. [64]

arranging itself in parallel bands from which the cartilaginous matrix
of the rays is developed. The rudiments of the bony sheaths of the
rays of the caudal fin in sections of that portion of larval salmon are
found to lie almost in contact with the skin and to be crescentic in sec-
tion. These are evidently the lateral pieces which develop into the
bony segmented sheaths of the rays of the adult, which are of much the
same form except that they more completely ensheath the cartilaginous
matrix of the rays than in the larve. At tho base of the caudal fin of
the salmon embryo the sheaths of the fin-rays lie deeper than in its dis-
tal portion, and a stratum of tissue is interposed between the skin and
the sheaths of the rays, which is afterwards apparently developed into
the flexor muscles of this fin. The cartilages, which afterwards ossify
and become the hypural bones, are mesial in position and a considerable
thickness of tissue is interposed between them and the rudiments of
the rays lying on either side. Such, in general terms, appears to be
the process of caudal and median fin development in osseous fishes. In
some forms there is a tendency manifested to develop more or loss
mesoblast in the median fin-fold, and vascular loops also appear in its
mesial substance at an early stage of development, as may be seen in
the embryos of Apeltes and Tylosurus. In other forms, again, the me-
dian fin-fold retains its thin, transparent, dermal, non-vaseular character
for a long time after hatching ; this is noteworthy in Alosa, Pomolobus,
Cybium, Parephippus, and Idus, while in Apeltes vaseular loops are pres-
ent in it by the time of hatching. In Siphostoma and Gamdusia the fin-
folds of the unpaired fins grow out as local dermal folds into which mes-
oblastic tissue is almost immediately insinuated to develop the rays.

It will be evident, from what has preceded, that the theory of the
origin of the unpaired fins from continuous folds does not hold in Tele-
osts; that there are exceptions to it where we should least expect t0
find them; in fine, that the form of the caudal fin is sometimes outlined
before the rays appear or the reverse. It is worth while, however, 10
point out that in those forms with two or three dorsals (Gadus), or
where there is a series of dorsal and ventral finlets in the adult (Cybium),
the continuous larval fin is most apt to be developed, while in those
forms where there is a reduction (degeneration) of the fin system, as in
the Lophobranchs and Gambusia (with but one dorsal), the continuous
median fin-fold is not always developed. The last qualification does
not hold, however, in all cases, for in the larva of some Cyprinoids,
Idus and Carassius (one dorsal in the adult), 1 find the continuous fin-
fold developed to the same extent as in Apeltes ; and amongst the Clu-
peoids, which have but one short dorsal in the adult, it is surprising to
find the natatory fold extensively developed. The query arises, why
should @Gambusia form such an anowmalous exception? We can under-
stand the cause of the peculiar developmentof the median fing of Lopho-
branchs as resulting from their extremo specialization, but in the first
case the explanation is not so clear.
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The mesoblast, from which the median system of fin rays of the larve
of osseous fishes is developed, appears to be an outgrowth from between -
the mesial, dorsal, and ventral points of meeting of the muscle plates,
and that it is pushed out into the natatory fold during the development
°_f the skeletal and muscular elements of these fins, and that it is con-
tm_UOUS dorsad of the spinal chord, and ventrad of the notochord, with
the tract of tissue, from which the interspinous elements of the skeleton
are differentiated. It is, therefore, a part of that mesoblastic tract from
Which the haemal and neural arches, interposed between the dorso-
lateral and ventro-lateral plates of muscle-segments, are differentiated,
and was primitively continuous with it.

18.—THE DEVELOPMENT OF THE PAIRED TFINS.

fl‘he paired fins of Telcostei, like the limbs of the higher vertebrata,
arise locally, not as blunt processes, however, but as short longitudinal
f°l.d8, with perhaps a few exceptions. The pectorals of Lepidostous
Originate in the same way. Of the paired fins, the pectoral or anterior
Pair seems to be the first to Le developed; the ventral or pelvic pair
often not making their appearance until after the absorption of the
Yelk-gack has been completed, in other cases before that event, a8 in
Salmo and Gambusia. The ventral undergoes less alteration of position
during its evolution than the pectoral pair.

In that the development of the pectoral or breast fins of Gadus is
_tS’pical of the group we can do no better than describe their evolution
I that form, as observed prior to and after hatching. The date of ap-
Pearance of the first sign of the pectoral fin-fold varies somewhat in
different genera, but in Gadus it appears as a slight longitudinal ele-
Vation of the skin on either side of the body of the embryo a little way
behind the anditory vesicles, as shown in Tigs. 30, 32, 33, and 34, at ff,
and shortly after the tail of the embryo begins to bud out. At the very
first it appears to be merely a dermal fold, and, in some forms, & layer
of cellg extends out underneath it from the sides of the body, but does not
ascend into it. It begins to develop as a very low fold, hardly notice-
able, and as growth proceeds its base does not expand antero-posteriorly,

ut tends rather to become narrowed so that it hasa pedunculated
fol‘m, as in Fig. 40. With the progress of this process, the margin of
the fin-fold also becomes thinuer at its distal border, and at the basal
Part megodermal cells make their appearance more notably within the
8econd or inner contour line of bf, Fig. 40. In some species I am quite
well agsured that there is at an early period a mesodermal tract or plate
of cells developed just behind the auditory vesicles, just outside the
Inuscle plates of this region, on either side, which may be rogarded as

® source of the mesodermal cells which are carried up into the pectoral
)ﬁF-fold. This is developed at about the time of theo closure of the blasto-
derm’ and these lateral mesodermal tracts of tissuo may be called the
Dectoral plates. The free border of the fin-fold grows out laterally and

'
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longitudinally expanding the portion outside of the inner contour liné
of the fin, as shown in Fig. 40, into a fan-shape, so that the whole fin
becomes much more distinctly pedunculated as viewed from the side.
This distal thinner portion is at first without any evidence of 12y8
further than that there is a manifest tendency to a radial disposition of
the histological clements of the fin. This radial disposition of the
histological elements of the fin-substance has an undoubted relation t0
the growth in length and expansion of the organ and is conspicuously
manifested in the development of the dermal lobes of the caudal fin of
Alosa before the development of rays. The distal lamina, as we may
call the thinner extremity of the fin, is the portion in which the rays aré
formed, while the thicker proximal or basal portion is thatin which the
basal elements of the fin are developed. Just at the point where the
basal portion of the fin joins on to the body there is 2 decided fold ex-
tending up and down obliquely on the sides of the embryo and con-
tinuous with the fin; this may be called the oblique or vertical pectoral
fold ; just at the base of the fin and in this fold the coraco-scapular
cartilage makes its appearance as o somewhat L-shaped plate, with it8
anterior coracoid limb extending forwards and downwards and its upper
and scapular limb extending upwards. This is the first rudiment of the
shoulder-girdle; the membrane bones which develop ‘around it after-
wards ectosteally, appear mueh later than in the stages so far described. -
The ecoraco-scapular cartilage I have studied most successfully in entire
embryos of Alosa hardened in picric acid, cleared in oil of cloves, and
mounted entire in Canada balsam.

As regards the detailed history of the development of the various
ossicles of the pectoral fin 1 have little or nothing to record, further
than to say that there is no evidence of a type of development like that
seen in Elasmobranchs; the evolution of the breast fin of Teleostei be-
ing influenced by the specialized character of the limb-skeleton of tho
adult. The muscles are developed as in the Elasmobranch fin from .
mesoblastic strata of cells internal and external to the median platé
from which the cartilaginous axial portions of the fin are evolved-
Sections through the pectorals of the larve of Gambusia show the de-
tails of muscular development to be very similar to that represented'
by Balfour in Tig. 346 (Comp. Embryol., 1I), as obtaining in Seyllium-

The next points of interest in this connection are the changes of po-
gition which the prctorals undergo in relation to the surrounding struct-
ures and their rotation upon their bases, by which they acquire an up”
right position 8o as to become mechanically effective as organs of pro-
pulsion or locomotion. At first quite longitudinal in direction, a8 ghowD
in Figs. 32, 34, 40, and 42, the anterior portion tends to be gradually
elevated as development proceeds, its base becoming more or less ob-
lique in position as viewed from the side. Tinally this process of tho
rotation of the base is carried so far that the fin acquires 2 nearly or al-
together vertical position on the side of the body. The face ot the fold
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which was at first outermost is now anterior, and the face of the same
which was innermost is now posterior. The displacement of the whole
fin forward is not as real as would at first appear from our figures.
The growth of the head and the elevation of the body have effected such
changes in the relations of all the surronnding structures that the breast
fins have not escaped its influence, and while it is unquestionably true
that the breast fin has rotated on its base for an cxtent of almost ninety
degrees, part of the apparent change of position is undoubtedly due to
the concurrent development and increase in bulk of adjacent structures.
The great gains in bulk which have taken place in the brain and body
PaVe had much to do with this alteration of the relative positions of ad-
Jacent organs.

The comparative embryology of the breast fins is very interesting, in
that some variation in its relative position is evident upon studying a
Dumber of genera belonging to different families. In Cybium and Par-
ephippus the primitive pectoral folds appear very far back or behind
the vertical of the middle of the yellk-sack; in every other form with
which I am familiar they appear farther forwards. In Oybium as many
a8 twelve muscular somites may intervene between the point of origin
of the breast fin and the auditory vesicle; in other forms the number
of intervening muscular somites is usually less, being sometimes re-
d_u%d to two or three (Alosa and Pomolobus). The homodynamic rela-
tions of the pectorals would therefore seem to vary greatly in the larval
Stages of Teleostei, and their serial relations to the gill arches are there-
fore algo very variable. The unusual posterior origin of the pectoral
rudiments of Oybium and Parcphippus is also an indication that we may
oxpect to find other anomalous modes of development, as indeed has
been the cage with some of the forms studied by Prof. Agassiz—Lophius,

“for example. .

As to the development of the ventral or pelvic pair of fins I have ob-
Berved little that is new, and can only call attention to the contrast in
the development of the organs as observed in Gambusia and Salmo. In

the latter the ventral fin-fold appears on either side about the time of
‘ h@tching, a little way behind the yelk-sack, with its base horizontal,
like the pectoral at first, and on a level with the lower wall of the in-
testine and just above the origin of the pre-anal* median natatory fold.
In Gambusia it grows out as a little papilla, and not as a fold, where
the body walls join the hinder upper portion of the yelk-sack a very lit-
Fle way in front of the vent. These two modes of origin are therofore
n 8triking contrast and well calculated to impress us with a sense of

0; glnder thoe head of the median fins I find that inadvertently nothing has been said

he pro-anal. It is, however, developed in many embryo fishes, as in Alosa and

at‘:’“’l‘?bw, to tho greatest extent, loss so in Salmo and Coregonus, slightly in the later
ges of Cybium, Morone, and Parephippus; it is wanting in Gambusia, Cottus, dpeltes,

ui"‘v Carassius, Tylosurus, Siphostoma, and Hippocampus, and is absent in Gadus on
count of the peculiar mode of termination of the intestine. It is also present in
° 1fl~rva of Lepidosteus, nccording to Agassiz.
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the protean character of the means at the disposal of Nature to achiove
one and the same end.

19.—THE DEVELOPMENT OF THE LATERAL MUSOLE PLATES AND
SOMITES.

The lateral muscle-segments or somites of the body of the cod are
developed, as in other fishes, by the transverse segmentation of the
lateral muscle plates or somatopleures lying on either side of the neu-
rula. The first evidence of muscle plates in the embryos investigated
by me appeared about the tenth day, as represented in Fig. 23, pv.
They appear mainly in succession from before backwards, the first pair
developing a little way behind the auditory vesicles or the solid rudi-
ments of the latter. As development proceeds, however, the most an-
terior- pairs of muscular segments are differentiated later than those
which first make their appearance on the sides of the body. As a rule,
however, it may be said that they are segmented off in succession from
before backwards towards the end of the tail, in which they last appear.
A little while after the blastoderm of the cod’s egg has closed, there are
about eighteen to twenty pairs of muscle-segments distinguishable in
the body of the embryo. In vertical transverse section across the body
they are at first triangular, with the inner concave face applied to the
side of the neurula. Like so many other portions of the embryonic fish
during these stages, they are quite solid, and in sections the only evi-
dence of a very well defined strycture is their columnar stratum or ex-
terpal wall of cells. They are not all developed in the end of the tail
until that part of the embryo has been fully formed. In the progress
of the growth of the tail the muscular segments first appear in the
proximal portion or that with which the body is continuoms. But in
the caudal region, after it has budded out, they have at first a differ-
ent form from that observable in the first muscular segments of the body-
They are here crescentic in transverse section, and not triangular a8
they at first were in the body. They clasp the chorda, neurula, and
ventral mesoblastic strand of cells, thus (3), on either side, the neuranld
being uppermost, the chorda in the center, and the mesoblastic strand
of cells alluded to lowermost. At the tip of the tail, however, in it8
early stages of outgrowth, the whole of these structures are absolutely
continuous; that is, blended and lost in an apical mass of cells in which
no lines of demarkation can be made out. A little way forward the
lines of separation between these structures become apparent, as may
be seen in the tails of the embryos viewed from the side in Figs. 31 and
32. After the outgrowth of the tail the embryo’s body has grown very
notably in vertical thickness, upon which the muscle-segments of the
body begin to assume the crescentic form seen on either side of the tail,
except that in sections of the anterior regions the ventral limb of tho
crescentic muscular segments are truncated, resting with their blunt
ends upon the splanchnopleure. With the growth of the body the mus-
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¢le-segments also inerease in volume, and a perceptible increase in their
length and width also takes place, as may be seen upon comparing their
dimensions as shown at pv in Fig. 31 with those represented in Fig. 32.
A very remarkable metamorphosis of their cells now begins to take
Dlace, by which they become stretched out as musecle-cells which cor-
Tespond in length with the segments themselves. These muscle-cells
also s00n becomo transversely striated like voluntary muscle fibers gen-
erally, and have a distinct oval nucleus imbedded in their medullary
Substance, which may be very nicely demonstrated by the use of borax
Carmine, The primitivo fibers also soon split up Ly processes of divis-
lon into fibrils which are arranged in bundles, the fibrils themselves
appearing in transverse sections as if they were arranged around a cen-
tral empty space. With the progress of development, however, still
Other changes of form of the muscle-plates as wholes occur, and the
fivst of these to be apparent is the >-shaped form they assume when
Yie“‘ed from the side of the body. They are then arranged thus >> > >
in succession on either side of the body. The development of this last
feature also procecds from before backwards, being more marked at
the anterior end of the body than at the posterior at an early stage.
Still anotber point may be alluded to here relating to their arrange-
Went: with the advance of development the anterior apd posterior edges
of the muscle-segments also become more and nore beveled, the bevel
trending; backwards. On this account they finally overlap each other;
that, is, the hinder beveled margin of ono segment covers the anterior
Margin of the succeeding one, which has its front cdge beveled in the
Opposite direction. During the later embryonic stages still other changes
occur in the relation and form of the segments themselves, when a
Smaller <-ghaped portion is developed at the upper and lower margiuns
of the individual plates, which open forwards instead of backwards, the
Teverse of the middle >, but which fit into each other in the same
Wanner, The foregoing constitute the main features of the mctamor-
Phosis of the lateral muscle plates of the larval fish into those of the
adult, gnd relate altogether to changes of form and histological consti-
tution,

Another series of changes also oceur, which effect the arrapgement
of the muscnlar plates into a dorso-ventral, lateral system. This is the
d_iViSion of the musecle-plates into two superimposed masses on either
8ide, by the development of a horizontal ligamentous septum along the
middle of the sides, and extending inward almost from the skin to the
Vertebral column. This lateral septum is continuous on its upper and
lower sides with the intermuscular ligaments placed between the sin-
8le pairs of muscular somites, producing the remarkable appearance of
8ystems of rings of muscular tissue, arranged in a ventral and dorsal
Position on eithor side of the vertebral column, and well seen in a frozen
8ection of the tail of an adultfish, The lateral and intermuscular septa
Produce, together with the peculiar bending and beveling of the mus-
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cle-plates during development, the appearance of muscular cones in two
lateral series, one above and one below the middle line of the side.
These constitute the dorso-lateral and ventro-lateral systems of muscu-
lar plates. External to the dorso-lateral and ventro-lateral plates, dif-
ferentiated as above described, on the middle of the sides, there is
developed a thin strip of muscle, which in some adult fishes is- quite
distinct, especially when they are boiled, when it appears as a dark
muscular band, in striking contrast with the white substance of the
muscular plates or cones. These outermost plates of dark-colored mus-
cle are developed during a late larval stage, and appear to-be derived
by delamination from the same somites from which the dorso-lateral
and ventro-lateral plates have been differentiated. These dark lateral
bands of muscle in the adult are segmented the same as the deoper
plates, and their segments correspond in number and segmental position
to the latter.

A very great difference in the downward extent of the muscle plates
over the sides of the yellk-sack, is manifested 1n the embryos of differ-
ent species of the same age. In the salmon and white-fish, the muscle
segments extend for a considerable distance over the yelk-sack at the
time ot hatching, and after a variable time they completely inclose what
remains of it. This is due partially to the collapse of the yelk, as it i8
abgsorbed, and partially to a downgrowth of the muscle-segments over
the sides of the sack, between the epiblastic and splanchuopleural layers,
the latter being carried along with the growth of the muscular layer.
In other forms the whole of the sack may be ahsorbed before there i8
the least tendeney of the muscle-segments to grow down and inclose it
by their ventral borders. Thisis a noteworthy characteristic of the em-
bryos of the shad, cod, Spanish mackerel, and other species, and again
illustrates the singular way in which the young ot a relatively homoge-
neous group may differ from one another. In thesalmon the ventral de-
velopment of the muscle-segments seems to be hastened ; in the other
cases it is evidently retarded. Inthe cod, for example, the edges of the
muscle-plates do not even reach down so far as to cover even the upper
lateral portion of the remains of the yelk-sack, as may be noticed in
Fig. 49,

The material for the development of the posterior muscle segments of
the embryo is also supplied in a singular way. In Tylosurus there is
evidence of the concrescence of the rim of the blastoderm at the tail end
of the developing axis of the embryo as may be surmised from an in-
spection of Fig. 6, pl. XIX, which accompanies my essay on the devel-
opment of that form. The rim in this case does leave the embryonic
axis at right angles on either side, as in tho cod, as shown in Figs. 19
and 20 of this memoir, but at an obtuse angle after the time for the
closure of the blastoderm is approaching. While there is a veritablo
caudal swelling it is also manifest that a veritable concrescence of the
rim of the blastoderm is taking place by iutussusception or gradual
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appropriation of its cells to form the caudal end of the embryonic axis.

hen on the eve of closure, the limbs of the rim of the blastoderm in
Tylosurus form an acute angle with each other, and the yelk blastopore
hag the form of a wide oval with the narrow end next to the caudal
8welling., In Elacate the cvidence in relation to the concrescence of
t_h.e rim of the blastoderm in the middle line is very striking. Here, the
limbs of the rim of the blastoderm on the eve of closure, where their
8ubstanco is continuous with that of the muscle plates anteriorly,
form an acute angle with each other, and there is no caudal swelling
Intervening between them as in Tylosurus. Not ounly is it evident in
this case that an actual concrescenco of the limbs of the rim of the
blastoderm occurs, but it is also plainly evident that a transverse seg-
Mmentation into segments has occurred in the lower layer of the limbs
before their concrescence. The segmentation affects only thoe lower or
Somatic layer of the blastodermic rim and extends some distance behind
Fhe caudal end of the embryonic axis already formed. This is the only
Instance in which I have found evidence of a normal process of concres-
cence of the rim of the blastoderm along the median line in embryos of
0sseous fishes before the formation of the caudal plate. The concres-
Cence, therefore, takes placo also in the plane of the nervous axis as
Wwell as in the enteric. It would appear as if the yelk blastopore in
Such cases might be the true blastopore of the gastrula stage of devel-
Opment. It is remarkable, however, that I should meet with such a
state of affairs only in Elacate and not in other forms, as regards the
fate of the inner edge of the blastodermic rim. Ouly in Elacate have
Tever met with any evidence of direct marginal apposition, conerescence,
and convergence of the blastodermic rim on the eve of the ¢losure of
the blastoderm; in otber forms it closes as a round pore, as in Gadus,
Cybium, and Alosa, and segmentation into muscular somites of its lower
layer never occurs during its closure to form the caudal plate.

In these ways the rim of the blastoderm is completely used up in the
different species to form the caudal end of the embryo, the most of its
8ubstance being finally converted into the muscle-segments of the tail.
!3111; the growth of the tail outward is' o most remarkable phenomenon, -
1In that there is as yet in some forms no vascular system whatevir for
the conveyance of nutrient matter, in spite of which the tail continues
to elongate, evidently gaining bulk mainly to build up the lateral mus-
cular masses the material for whijch must of necessity be transported
outwards and backwards somehow from the yelk or other pre-oxisting
tissue. The way in which this is accomplisked is not clear to mo ex-
cept upon tho theory of growth proposed by De Bary and Rauber.
They regard cell-division as a consequence of growth, not growth a
consequence of cell-division. Then, if we suppose with Rauber that
cellular protoplasm has a structure consisting of vacuoles or lines ri-
diating from a center, which favor intussusception of plasma from inter-
cellular spaces, we muy perhaps have an approximate explanation of

.
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the process. I believe also that the segmentation cavity is a lymph
space, and that, since the first blood-corpuscles are bornein it, the evo:
lution of plasmine and fibrin may occur within it at an early stage and
aid in such a process as the outgrowth of the tail, and thus indirectly
in the development of its lateral muscles.

At the time of the closure of the blastoderm the number of muscle-
segments developed in different species is also subjoct to considerable
variation; 8o marked is this in extremo cases that it is proper to call
attention toit in this connection. We find, for example, in many forms,
not more than eighteen to twenty muscle-segments developed on either
side of the body up to the time when the blastodermn closes over the
yelk. In exceptional cases, as many as seventy-five may be developed,
as we find in the instance of Tylosurus. This variation is doubtless due
to the influence of heredity, the embryos which have the most segments
at an early stage descending from adults which have a proportionally
large number of muscular segments developed, while those embryos
with but few are descended from parents with a less number.

The inclusion of the yelk-sack, or what remains of it at a late stage
of development in young salmon, by the downgrowth of the ventral
cnds of the muscular segments overlying the sides of the abdomen, i8
a very interesting phenomenon. It recalls in some respects the pro-
cess of inclusion of the yelk by the blastoderm at a much carlier stage.
Unlike the latter, however, they do not coalesce at one point or come
together as a round pore of gradually lessening diameter like the rim
of the closing blastoderm, but they join on the median ventral line
from the isthmus back to the pre-anal fin-fold; the opening which re-
mains at this time between the ends of the down-growing episketetal
muscle plates has the form of a very clongate median, ventral cleft.
The abdominal cavity in the young salinon is also relatively long in
contrast with that of the young cod, but in larval Clupeoids it is of
still greater relative length than in the salmon and proportionally
longer than in any other forms known to me of the samo stage. The
downgrowth of the lateral musele plates in all Teleostean types appears
to take place in a somewhat similar manner to form the episkeletal mus-
cular stratum external to the ribs.

20.;—DEY]<]LOPMENT OF THE INTESTINE AND IT8 APPENDAGES.

The development of the intestine of the Telcostei or true fishes i8
peculiar in a number of respects; these are, first, its primitively solid
and depressed form, and secondly, the mode in which the oral end of it
appears to be developed from behind forwards, there being apparently no
clearly warked oral invagination of the epiblast or a stomodseum;
thirdly, the mode of formation of the proctodeum or anus; fourthly,
the appearance of a lumen in it not by a process of invagination from
below or behind, but Ly a separation or retreat of its cells from its axis.
Like the intestine of othen vertebrates it is developed from the true
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hypoblastic or nethermost embryonic layer, which is notably thickened
f”t an early stage along the ventral side of the body of the embryo, but
18 still quite thin or almost wanting underneath the head; in fact it ap-
DPears to be almost entirely undeveloped below the fore and mid brain
atthe time the blastoderm closes, Its condition shortly after the closure
of the blastoderm in the embryo cod is shown in Fig. 31, at 4, where its
8olid rudiment is visible as a band of cells underlying the notochord in
the living egg. While its anterior extremity is not traceable to below
the anterior end of the head, the posterior extremity is lost in the caudal
In:ass at 4,with which it is continuous. This relation of continuity of the
hinder end of the intestino with the caudal mass shows that we must
regard this condition as homologous with that observed in Amphioxus,
Elasmobmnchs, and other forms where the continuity of the neural canal
at its posterior extremity with the intestine is effected through the inter-
wediation of a short post-anal section of the latter or a neurenteric canal,
This primitive continuity of the neural tube with the intestine has been
80 fully elucidated by Kowalewsky, Hatschek, and Kupffer that it is
only necessary to refer to their memoirs on the subject and cspecially
to the general treatise and the monographs of Professor Balfour. While
Ihave found it impossible to convince myself by means of sections that
there ever exists a neurenteric canal in ewbryos of osseous fishes, I feel
assured that the solid nature of the posterior end of the neurula obscures
this relation and prevents the development of it. This does not, how-
ever, permit us to deny the possibility of a primitive union of the enteric
and neural tracts at the tail, and thus to realize a gastrula stage of devel-
opment for the Telcostei. IKupffer has placed some observations upon
record in regard to the connection of the vesicle named after him with
the hinder part of the neurula. Ihave already remarked of Kupffer’s
Vesicle that it is an evanescent structure,and of uncertain significance in
relation to any organs developed afterwards. It has been observed by
mein the ova of Gadus, Alosa, Cybium, Tylosurus, Coregonus, Apeltes, and
two undetermined forms, so thatit seems to be pretty generally present.
In the cod its relation to the yelk blastopore bl is shown in Figs. 26,
28a, 29a, 290, 30a, 300, 31, and 32, at Kv. In 300 it seems to be joined by
a fine canal to the blastppore, and in 28a it appears to be provided with
% cellular wall. Its relations are, not, however, censtant, as may be
inferred from an inspection of the different figures in which it is repre-
Bented as present. After the stage gshqwn in Fig. 32 had been passed,
_I was 10 longer able to identify it with any succeeding structure which
1t could be supposed was derived from it. I therefore reserve my de-
cision as to its true nature. In some forms it appears long before the
clogure of the blastoderim, in others coincidently with that phenomenon.

The great generalization, first distinctly formulated by Haeckel, that
animals generally, pass, in the course of their development, through &
Bastrula stage, applies to the osseous fishes, and, notwithstanding the
uncertain fate of Kupffer’s vesicle, it is evident that the caudal plate,
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with which the hind-gut and neurula are conterminous posteriorly, must
in its mesial or axial portion represent the neurenteric canal, though an
actual tubular intercommunication of the gut and neurula are never
developed as in the embryos of Amphiozus. While, therefors, it is not
yet possible to assert that there is a true gastrula mouth (prostoma)
developed, in the embryos of Teleostet, wo are in a position to say that,
inasmuch as the rim of the blastoderm is used up in the formation of
the caudal plate, which is taken up into the posterior portion of the
body, the true blastopore probably coincides with the last portion of
the solid neurula, to be formed at the anterior border of the yelk blas.
topore, and cannot be identified with the latter itself. The latter is not,
therefore, homologous with the blastopore of the frog’sovam, I cannob
aceept the views of Zeigler in regard to the homologies whick he has
sought to establish between the whole of the Teleostean and amphibian
ovaw, for reasons relating partly to the history of the blasto pore and
partly on account of considerations which arise from a study of the fate
of the yelk.

In cmbryos of the cod on the sixteenth day of development, Fig. 32,
the intestine has made a very notable advance in differentiation as com-
pared with the stage shown in Fig. 31. In the anterior portion it has
barely acquired a lumen, and is still much deprossed; but farther back
from 2 little in front of the breast fin to the vent v it has gained in ver-
tical thickness very notably, become more cylindrical, and has acquired
a central cavity. Its anal end apparently terminates upon the yelk.
Just opposite the pectoral fin-fold f the ventral wall of the intestine i8
becoming quite thick in the vicinity of lv. This thickening represents
the rudiment of the liver, which appears in the cod, as in other-fishes,
to be at first a solid outgrowth from the intestine. The coudition of
the intestine on the sixteenth day, as in Fig. 32, is gradually followed
by a more advanced state, such as that shown in Fig. 34, taken from
an embryo on the nineteenth day of incubation. It is shortly after or
at about this stage that the anal end of the intestine is carried outwards
toend in the ventral fin-fold, some distance above its margin, as showi
in the just-hatched embryo represented in Iig. 40. The rudiment of
the liver in I'ig. 34 Las been more fully developed, and now projects a8
a Jateral, ventral. and dorsal thickening of the intestinal wall at lv. It
has not yet apparently acquired a lobulated structure, such as after-
wards becomes apparent in more advanced stages. As the develop-
ment of the liver proceeds it becomes gradually more conspicuous a8 &
lobulated organ on the left side of the intestine, but is reflected around
the latter above and below, as shown iun Fig. 40. From the time of
hatching onwards the intestine gradually acquires a spacious lumen
but no greenish biliary secrotion was noticed in it, such as is commonly
observed at this stage in embryos of Cottus, Salmo, ete., of the same age
It is singular that the secretion of bile in fish embryos should precede
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the injestion of food ; this secretion in such embryos is probably analo-
gous to the meconium discharged by recently born infants.

Meanwhile the lumen of the csophagus, pharynx, and mouth are
being differentiated. In sections at this stago tho cesophagus has a
!umen, and is not solid, as Balfour states (Comp. Embryol., II, 63), but
18 depressed or cylindrical at its hinder part, while beneath the head it
rapidly widens, where its width exceeds its depth several times. In the
¢od, however, its anterior flattened portion is short, and is not so ex-
tended asthesame part inembryo Clupeoids. This tlattened auterior por-
F‘ioﬂ of the mesenteron is molded upon the lower face of the brain, and
18 concave from side to side on its upper surface and convex from side
to side on its lower. Its walls are very thin in contrast with the more
Posterior portion of the intestine or mesenteron, and are hardly more
than ope layer of cells deep in places. In longitudinal sections of em-
bryos of the Clupeoid Alesa, in which the mouth is just about to break
thI‘Ough, the most anterior or hyomandibular cleft which intervenes

etween the hyoid and mandibular arches seems to be the most devel-
Oped, but it does not appear to break through the skin. Behind this the
8ix gill.clefts are developed ou either side of the pharyngeal portion
of the fore-gut. They appear to be of the nature of narrow lateral paired
outgrowths from the sides of the depressed fore-gut, aud nave at first
ouly a very narrow cleft like lumen. The gill-clefts are at first very
luch crowded together antero-posteriorly in the young just-hatched
cod, as may be gathered from Figs. 40, seen from the side, and 46, viewed
from below, where the gill-clefts are shown at g. Dohrn holds that the
Mmouth ig to be regarded as an anterior outgrowth of the mesenteron
from behind forwards, that it is divided in the middle line, and that the
two limbs of the larval mouth grow out laterally and separately. He
algo seems to regard these paired oral outgrowths as tho first of the
branchial clefts, counting the second as the hyomandibular. As already
Stated, I have not been able to fully convinee myself that this is the
fact, although I have seen evidenco in a series of sections of embryo

lupeoids which have inclined me to think Dobhrn’s view the correct one.

The mouth breaks through in or near the angle formed by the lower
fore part of the head and the anterior epiblastic wall of the yelk-sack
at the point m in Fig. 40. In Alosa the point where the superficial ex-
ternal epiblast is continued into the oral h ypoblast is exactly in the angle
alluded to above, and, as fur as I can make out from longitudival sec-
tions, there is no clear evidence of a distinet epiblastic oral invagina-
tion or stomodgeum, such as is found in Petromyzon, for oxample. As de-
Velopment advances, the upper lip grows forward in advance of the
end of the lower jaw to a marked extent, exposing the roof of the larval
Mouth considerably. The lower jaw, after this, begins to clongate, and
800n grows in length so as to regain what it had apparently lost in
Telative length as compared with the upper. It is during theearly stages,

fore the outgrowth of the lower jaw, that the mouth gapes, the max

8. Mis, 46——34
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dible being short and immobile. After the mandible has grown to be
of the same length as the upper it first begins to show signs of mobility,
though it is not until some days after incubation that the jaws of the
embryo begins to move, and then mostly rhythmiecally in respiration,
the water being sucked in through the mouth and passed through the
gills, the samo as in theadult. Only after the young fish have the jaws
distinetly developed, as in Tig. 49, do we begin to note that there aré
voluntary snapping movements of the mandible manifested. .

At the time of the birth of the young cod there is no circulation of the
blood; there are no blood vessels, in fact; which accounts for the non-
functional development of the branchial apparatus at this period. The
funection of respiration at the time of exclusion and for some time there-
after, as during development within the egg, is apparently performed bY
the skin, which presents a large amount of surface, as may be seen in
Tig. 40. Not only is this true, but the skin itself in the living embry?
of this stago is lifted off perceptibly from the underlying structures, a3
shown in I'igs. 42 and 43. This subdermal space, filled with fluid, prob-
ably a serum, is of the nature of the serous space around the yelk, and
doubtless has a respiratory in addition to an assimilative function. The
existence and office of such spaces in embryos have hardly received the
attention they merit; they probably represent the earliest and most
unspecialized contrivances for the- transfer of pabulum in solution, in
the form of paraglobulins, fibrins, or other plastic matters, from oné
part to another of a nascent organism. .

The intestine during the later stages of development is gradually
separated from the notochord at its hinder extremity by the interpesition
between the former and latter of more and more tissue, mostly of #
mesoblastic character, which can scarcely be accounted for except upot
the supposition that in each and every cell of the embryo there inhere8
a power of growth dependent again upon the intussusceptive powers
of the cells themselves, by which they are enabled to appropriate goluble
plasma through their neighbors or by way of intercellular or the exten-
give serous spaces already alluded to. The gradual evolution of the
embryo fish before there is the slightest evidence of a systemic circula-
tion forces the foregoing conclusion upon the studeunt. He sees, for
example, a germinal disk, at the commencement of development, of &
determinate form and size, but it is not long before he begins to dis-
cover that additional material from the yelk has been added to the
embryo, the bulk of the embryo itself perceptibly surpassing in size the
original bulk of the disk from which it took its origin. This has been
accomplished, too, in all cases, before there is a trace of circulation; in
fact, before even the heart has begun to pulsate. It is this gain in
bulk of the embryouic structures above and beyond the original mass 0
the germinal disk which cannot be accounted for on any other hypothe-
sis, as pointed out by Rauber. The segmentation cavities of the ova of
various types accordingly acquire a profounder meaning than he8
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hitherto been generally ascribed to them. They are, in fact, the primal
representatives of nutritive spaces—lymph cavities; perhaps even of
the food and water vesicles of Protozoa. .
_ On the twenty-seventh to the thirtieth day of development, as shown
In Figs. 49 and 45, respectively, the regions of the intestine for the first
time begin to be clearly mapped out. In Fig. 49 the depressed esopha-
geal portion of the alimentary canal ends just over the lower lobe of the
l‘“'(31‘ v and just in front of what appears to beits upper portion y. In
frong of y there lies a body, covered with large stellate pigment cells,
Which 1 have identified with the air or swim bladder. 1lts mode of
origin I have not made out in the young cod, but in Gambusia and Alosa
1t is a distinet dorsal diverticulum of the intestine, which arises a little
one side of the median line. Its hinder end is prolonged backwards
With the advance of development, and is at first a small and inconspicu-
ous structure, with a thick wall, which, on its ventral face, may be lined
¥ what appears to be glandular epithelium, as in Gambusia. The con-
hection of the pnewnatic diverticulum with the intestine is by a nar-
TOW open canal, which may remain open in the adult, as in physosto-
Mong forms, for example, where it forms a pnoeumatic duct, or it may be
aborte( during a post-larval stage, as in the physoclistous species.

Behind the liver and air-bladder the intestine becomes suddenly
Widened, as shown in Fig. 49, and has its internal surface elevated into
I?W folds or papille, which are the rudiments of the gastric and intes-
tinal follicles of a later stage. This widened portion of the intestine is
continued backwards until a constriction is encountered at ic. ¥rom
Fhe liver back to the constriction alluded to, the widdle portion of the
Intestine later becomes the stomach. The constriction is apparently
the pylorus and pyloric valve, while the section of intestine from the
constriction to the vent v becomes the hind-gut of the adult, with an
alwost, uniform caliber throughout.

Peristaltic action of the intestinal wall shows itself very early in fish
®mbryos, or about the time that the three regions are distinctly marked
Out ag Qeseribed above. I bave frequently witnessed its manifestation
!0 mewly hatched shad, and also when thoy were a few days old and

ad begun to take small crustaceans as food. The peristaltic contrac-
tony of the intestinal wall would push back the food to about the point
Where the cesophagus ended and where the liver began, and where the
Itesting was considerably widened. This widened portion was then
Continued back to a similar pyloric constriction, beyond which I but

Tavely yuw the food carried.
. The histological features of the intestinal walls of embryo fishes are
lllterestiug in that it is the mucous or epithelial-layer which is princi-
Pally developed. The muscular layers, both the longitudinal and an-
Dular, ara thin. The latteris pretty thick in embryos of Salmo. Inthe
Neighborhood of the commencement of the stomach in embryos of Alosa
© mucous pits and folds of the enteric epithelium are most pronounced
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and thickest. Here, probably, we have the first evidence of the devel-
ment of true gastric follicles. Of the development of the pyloric ap°
pendages I can say nothing more than that they, like the liver, are
undoubtedly diverticula of the intestine, but which evidently develop
much later than that organ, for in no form studied by me had they
made their appearance up to the time, and' even as late as two weoks
after, the yelk was absorbed.

The vent of young fishes at first ends blindly. At the very moment
the tail begins to bud out as a little rounded knob-like promincnce ke
anal end of the gut breaks its continuity with the caudal mass of cells
and its blind extremity is directed straight backwards. Meanwhile the
rest of the tail continues to grow backwards in length, leaving tho anal
end of the gut in the angle formed between the lower border of tho tail
and the yelk-sack, as shown in Fig, 40. In transverse sections of the
tail of embryos a little younger than that shown in Fig. 32, a ventral
strand of cells may be seen which appear to have been continued back-
wards from the anal end of the gut into the caudal mass of cells, bat it
is difficult to assure one’s self that they inclose a capal whgch would ap-
gwer to a post-anal section of the intestine, the homologue of the new
renteric canal. At this stage the anal end of the gut is sometime8
club-shaped, and may end apparently on the yell, as in the young cod,
or may soon be slightly prolonged backwards and ventralwards betweeb
the thin dermal and splanchnopleural layers to end in an emarginatiod
at the edge of the ventral median fin-fold. This mode of terminatio®
is the usual one, and, so far as I amn aware, the embryo cod is the ouly
exception to it. Here, instead of ending at the margin of the fin-fold;
the vent does not grow out so far, but ends within the margin of the -
fin-fold and some way from it, as may be seen in Figs, 40, 45, and 49.
Moreover, with the outgrowth of the tail there is no marked acco
panying prolongation of the hind scction of the gut, such as we may .
note in young of Salmo, Coregonus, Alosa, Pomolobus, and Clupea- Iv
these forms as the growth of the tail proceeds the anal end of the intes”
tine, on the contrary, makes an accompanying growth in length back-
wards, by which the vent is pushed farther and farther back irom tho
posterior end of the yelk-sack. Another type of development of tho
hind-gut of the embryos of osseous fishes is met with in Cydiwm an
Parephippus, where the hind-gut grows out to the margin of the ventra
fin fold, but is not prolonged backward 'bebind the yelk-sack, in €%
sequence of the subsequent growth in length of the tail. With the co¥
lapse of the yelk-sack, however, in these two genera, the pre-anal ﬁn-fo_l
lengthens; thiv lengthening of the latter fold is, however, wholly aseril”
able, to the collapse of the yelk-sack, and not to any backward growt
in length of the tail as a whole.

Of the developwent of the spleen and pancreatic tissues I can ﬂqd
nothing to what is already known, which is very littlé, except that 1
Gambusia I have met what may possibly be a splenic rudiment behin
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the liver, and partially enveloping the hind-gut, in embryos which had
not yet absorbed the yelk-sack. The pancreatic tissues of fishes seem
to be intimately bound up with the history of the pyloric appondages,
and we may therefore expect to know more of them when the develop-
lent of the coca has been worked out.

21,—DEVELOPMENT OF THE RENAL ORGANS OR CORPORA
WOLFFIANA.

The remarkable researches of Semper, Balfour, Sedgwick, Tiirbringer,
ROBenberg, (Ellacher, and others, on the early history of the kidneys of
vertebrate embryos has within a comparatively recent period thrown &
flood of light upon what had previously been a most obscure and poorly
Understood subject. While it will not be possible for me to add much
to the general principles of development of the renal organs, so ably
worked out by my predecessors, and in many senses mny monitors, I can
add here what I have observed in the development of those organs in
qadus, Alosa, Gambusia, and Salmo, bringing out some singular pecu-
liarities in the evolution of the mesonephros or wolffian body itself as
nanifested in the embryos of these different genera.

In the figures accompanying this memoir I have not represented the
8egmental ducts, except in Figs. 46,49, prp, and in a diagrammatic cross-
Section, Fig. 33, sd. The details, which I have mainly worked out by
Ieans of sections of the embryos of various other genera, I reserve for
Wastration and description in future special essays upon those types.

}10 development of the renal organs in different genera of Teleostei

iffers greatly in detail, as we shall learn further ou. The following
general description of the development of the segmental duets or pro-
Nephros seems to apply to osscous fishes generally:

At abont the time the tail begins to bud out and the muscular somites
of the body have been formed, the segmental duets are folded off from the
B_l)lunchnop]eure or peritoneum as a pair of longitudinal canals on either
8ide of tlie middle line, as shown at sd, Fig. 33. They lie in close con-
tact with tho peritoneal wall of the abdowmen, and at their anterior ends
hey open freely into its cavity. They are also usually bent upon them-
8elves more or less markedly, inwards and backwards, and then forwards
2gain, as shown in TFig. 46, from below, at pap, and in Fig. 49. These
are the primitive open funnels or free anterior extremities of the pro-
hephric or segmental ducts as we see them in the living cod embryo of

Ulate stage. Inthe young cod, some days after hatching, their anterior
nds are found to lie on either side of tho front end of body, oxtending
Orwards to near the aunditory vesicles, and as development advances
ey seemm to approximate the latter more closely. Traced backwards,
® segmental ducts pass over the peritoneumn almost exactly parallel
0 each other till they converge and join the allantoic or urinary vesicle
al, LConspicuously shown in Tigs. 40, 45, and 49. The exact mode of
eir union with this vesicle I have not learned in Gadus, but it prob-
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ably occurs at the posterior dorsal part, asin Cybium. The allantoic
or urinary vesicle opens either into a cloaca or into the extreme hinder
and possibly cloacal portion of the anal end of the intestine, as in Alosd,
Salmo, and Hippocampus; a cloaca is, however, probably fully developed
at a later stage, into which the generative ducts, bladder, and intestin®
open. Upon the development of the cloaca I have made very insuffi-
cient observations, and whether it is developed from the anal end of tho
Jarval intestine and lower end of the allantoic sack I am not able t0
state. While in some forms there is an emarginatiou of the ventral
fin-fold where the intestine ends, there is as yet no comrmon external
depression in which the alimentary, genital, and urinary canals termi-
nate; this structure must therefore be relatively late in developing.
The segmental ducts are simple, straight cylindrical canals through-
out, except at the anterior extremity, the walls of which are composed
of a single layer of cells. They constitute the simplest expression of
the renal excretory system of the vertebrates, and are not provided
with any Malpighian bodies or other accessory excretory organs at the
stage of development now under discussion, as there is as yet no ciren-
latory system to supply blood to any glomerali, even if theso were de-
veloped. -The only place where it may be supposed that anything like
a‘glandunlar character has been acquired by the organ, is at its anterior
end, where it is bent upon itself in the peculiar manner already described.
The diversity of manner, however, in which we find the accessory organs
developed in the adults of different genera, a8 well as the relatively lat®
or early development of these structures in ditferent forms, is no less
interesting than the fact that the glandular portion is at first formed in
different regions in the embryos of dissimilar genera. Tror instance,
Salmo is in marked contrast with Gambusia in that the mesonephric
glomeruli are developed from a little behind the pectoral fins almost t0
the allantoic vesicle or nrinary bladder even before hatching, while in -
the latter genus the mesonephric portion is quite anterior, and is crowded
forward against the auditory vesicle.” In still other instances the pro-
nepliros does not extend nearly as far forward as in either of these
cases; of this we have an illustration in the embryos of Alosa, where the
pronephros ends far short of the head, but its anterior termination i8
similar in form to that observed in other families. Balfour has noticed
some of the conditions of the organ in the adults, and he observes (Comp-
Embryol., 11, 579): ¢“Insome cases the cephalie portion of the kidneys is
absent in the adult, which probably implies the atrophy of the prone-
phros ; in other instances the cephalic portion of the kidueys is the only
part developed.” This has its significance, and it is important that the
peculiarities of different genera in respect to the mode of origin of tho
renal organs be investigated. In Alosa there is no evidence of glome:
ruli on the inner side of the segmental ducts until long after hatching s
such also appearsto be the case with Gadus. In Gambusiaand Salmo, on
the other haud, the segmental tubes arealready developed,in the first cas®
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in the head region, and in the last along almost the whole length of
the ducts at the time of hatching. In Gambusia the segmental tubules
form complex, convoluted mass just behind and partly below the ear,
and is richly supplied with blood long before the young have absorbed
the yelk-sack or have been discharged from the ovarian follicles of the
Parent. Along the segmental ducts or pronephric canals, behind this
Point, theroe is no evidence of tubules whatever, yet in the adults of Gam-
buma we find the Wolfian body or kidney extending dorsally along the
Whole length of the body cavity. No such complex head-kidney, as wo
Way call the structure found in the embryos of Gambusia, is developed
In the young of Salmo, even at the time of hatching, although segmental
tubes have already been formed. An examination of Alosa of the same
relative age shows that absolutely no segmental tubes or accessory glo-
meruli are developed. To what cause are we to assign this difference?
The cause is apparently a physiological one, and- is probably not due
to any phylogenetic influences, except as these may be expressed in an
accelerated or retarded state of development of the systemic circulation.
Both in Gambusia and Salino, of the stage of development here consid-
ered, the blood vascular system is already far advanced, while in Alosa
and @adus there is still no circulation; this seems to mein part at leasgt
to offer an explanation of the great differences observed in the develop-
Inent of these organs in the embryos. of the same age of different genera.
4As regards the local or general development of the mesonephric struct-
Ures along a part or the whole of the segmental ducts, that difference
I§ of course probably to be ascribed to hereditary or phylogenetic, and
Dot to physiological influences.

The value of the evidence regarding the opening of the glomeruli into
the body cavity will depend altogether upon what is meant by the latter
term. Ifitis held, as it is by me, that the body cavity of fish embryos
18 the same as, or is at first continuous with, the scgmentation cavity,
then the glomeruli, as far ag T am able to mtel pret my sections, are shut
off from the body cavity. This is the view also which I should take of

the sections figured by Balfour, Zeigler, and (llacher. The segmental
tubes are probably developed, hke the glomeruli, from mesoblast, which
lies above the peritoneal layer and Detween it and the aortic and ven-
Ous vascular tract. In sections through the proneplros of Alosa it has
Appeared to me as if it opened anteriorly into the body cavity, but

could see no evidence of a glomerulus; but this, it is to be remem-
ered, was in embryos which had not yet developed a circulation. The
Deritoneal or splanchnopleural layer is well marked in embryo fishes,
0t it does not usually extend far out over the yelk in early stages, so
that it ig easy to see that it cannot include the yelk. The true hypo-
lﬁSt after the development of the intestine in Alosa, seems to have
Vafllished a8 a discernible layer, so that the gut lies directly upon the
.Yen;’ and is therefore bounded on either hand by the segmentation cav-
1y, which is nanght else but the body cavity itself, which diminighes in
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s1ze as the yelk is absorbed. This relation of parts is merely pointed
out here in defense of the position which has been assumed in regard
to the non-connection of the glomernli with the body cavity, and will bé
again alluded to in its proper place.

22.—THE DEVELOPMENT OF THE HEART.

The development of the heart of the young cod is typical of that pro-
cess in young osseous fishes generally, with this qualification only, that,
like the bistory of other portions of the body, the details of it differ con-
siderably in the embryos of different genera. The earliest evidence of
its presence is represented in Tig. 30, showing the under side of the head
of an embryo of fifteen days. Large cells have first arranged thomselve8
in a transverse band-like Jayer below the fore-gut; the latter is not repreé-
sented. in the figure. This layer is continuous with a stratnmn which 18
continued forwards on either side of the fore-gut and mid-brain, and for-
wards in front of the eyes and below the fore-brain. It is mesoblastic
and the only portion of it which has crept around to below the fore-gut
is the transverse band in which the heart develops. Sections through

“the beads of embryos in similar stages of other genera justify the fore-
gaing description. This mesoblastic stratum is also continuous with the
posterior pericardiac septum pe, just behind the heart, while at the ex-
treme anterior end of the head it contributes to the formation of the

-trabecule cranii and rostral plate or cartilage, and behind and above
the gut, it shares in the development of the parachordal sheath, In the
extremely early stage of heart developwent shown in Fig. 30 the cavity
of the future heart isa circular opening & in the plate of cells, from which,
the organ is formed by growih in length. It now appears to be wider
than deep, but it gradually elongates, and instead of its axis remaining
vertical to that of the long axis of the head. it grows forward more Or
less horizontally, as seen in Fig. 29, where the head of a seventeen-days
embryo is viewed from below. Its anterior extremity now widens into
a funnel shape and begins to pulsate very slowly and irregularly—once
or twice in a minute, perhaps.  Its anterior, apparently open end is not
free, however, as might be supposed from an inspection of the figure, but
is continued into an exceedingly delicate, thin membrane, continuous
bebhind with the pericardiac septum. It will also be noticed that in Fig-
29 its front end is bent to the right side. This lateral bending is con-
tinued during the progress of development, and finally when the embry0
is hatched it opens backwards, as shown in Figs. 40, 42, and 46, and also
in 41, as viewed from the side, where tho primitively anterior end i8
shown at sv. 'What was the lower side of the cardiac plate in Fig. 30
has grown downwards, then forwards, then is bent to the right, as in Fig-
26, then still more in Fig. 42, till, as viewed from the side in Fig. 41
the heart tube forms a loop with what was formerly the front end directed
backwards and upwards and joined to the pericardiac membrane. It
has now passed through-the following stages : First, it hag the form of
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4 plate of cells; secondly, its cavity appears as a round opening in the
Dlato; thirdly, it grows in length so as to form a nearly straight tube;
ourthly, it bends upon itself so as to carry its venous end upwards and

ackwards; fifthly, it is differentiated into three distinet regions, as
Shown in Figs. 41, 42, and 46. In frecing itself and becoming tabalar,
&.serous spaco is formed around it; the pericardiac space, which is con-
tlnuous, at least by way of the open venous end of the heart with the
8egmentation cavity, from which also the fluid filling the heart and peri-
tardiac cavity appears to be derived. Not unfrequently colorless blood
cells or white corpuscles may be seen in both the segmentation and peri-
Cardiac cavities during this stage and later, which are moved or gwayed
In their bath of serum by the pulsatile action of the heart. These phe-
Romena may be observed in numerous species, and seemn to be a normal
ccompanimentof the development of the Teleostean heart. The prosence
of now and then a colorless blood cell in the pericardiac cavity during
the early stages of Qadus, and cven of colored ones in the pericardiac
8paces of Salmo and Tylosurus, shows that this cavity is not wholly shut
off from the yelk hypoblast (“couche hematogénc”), and therefore not
altogether discontinuous with the segmentation cavity. Iu Elacate the
Segmentation cavity oxtends under the head, back towards where the
heart originates, and so close to it that a relation of continuity seems
altogether probable at an early stage. The thin veil like fringe shown
at the posterior end of the heart of the young cod in Iig. 41 I have found
Inlongitudinal vertical sections of the recently-hatched embryos of Alosa
to be actually continuous with the exceedingly thin pericardiac mem-
brane helow and bebind the heart, the venous end of the organ actually
Opening through it into the segmentation cavity. The latter is regarded
by me as gynonymons with the body cavity; so that the body cavity it-
self i derived from the sogmontation cavity. The body cavity is divided
from the hoart or pericardiac space by the posterior pericardiac mem-
brane, which is developed concurrently with the heart itself. The peri-
cardiac membrane incloses the heart space ventrally and posteriorly
and ig of splanchnopleural origin. In Alosa sections through it show
it to be o membrane of filmy tenuity, with nuclei inbedded in it here and
there. It ig much thinnerin thatspecies than even the outer epiblastic
tovering of the yelk-sack. In Gadus it is a transverse fold of notable
thickness, during tho early condition at least, or off the middle line of
the body, as shown in Figs. 30 and 46. .

The differentiation of the heart tube into regions is a gradual process;
the first portion to be marked off is the dilated anterior end or venous
Sinus, then the ventricle and bulbous aorte. A glance at Figs. 29, 46,
42, and 41 will show the steps of the process; how the heart tube has
b_eeD bent upon itself in shifting the venous end round to its final ob-
lique position in the middle line. I havenot been able to make out the
d(:uble tube or one within the other, as reprosented by several investi-
Ritors. Doubtless there is an outer pericardiac layer, but neither in
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the living heart nor yet in sections of it have I succeeded in making it
out; at most it must be very thin, like the pericardiac membrane itself:
Moreover, the whole of the cardiac walls are contractile, as seen in the
living embryo. The contractility of the heart at an early stage is a very
remarkable phenomenon, in that it as yet contains no clearly marked,
spindle-shaped muscular cells or fibers; the contractility manifested
during its early phases is apparently almost an automatic process, the
stimulus for which may or may not proceed from any splanchnic nerves-
It would appear that the nervous system during this early stagoe was
hardly well enough developed to take part in the stimulation of the
organ. I never saw any knot of nervous matter on it, or in its vieinity,
which I can identify as a cardiac plexus or ganglion, and traceablo 28
an appendage of the tenth or vagus nerve.

With the advance of development the blood is also formed, but not
until about ten days after hatching; meanwhile, the heart has also a8
sunmed its final position in the median line; the venous end is no longer
swung slightly to the right side, but occupies an antero-posteriorly
inclined position in the middle line, as shown in Fig. 49. Its walls,
especially those of the ventricle , have become thicker, but there are
as yet no muscular pillars or partial septa developed in it, as we find in
the ventricle of Cottus and Alosa. The valves, also, cannot be said to
be developed as folds, such as we see in the adult. The offico of the
valves seems to be performed solely by the rhythmical constriction of
the cardiac tube at definite points. First, the venous sinus fills with
blood, which is still pale and comparatively rich in serum; then the
atrio-ventricular valvalar constriction opens, and the blood is forced,
by the contraction of the walls of the sinus, into the ventricle, whenl -
the intervening constriction again closes, and confines the blood in the
ventricle, from whence it passes, by a similar process, into the bulbus,
and so into the branchial vessels, I do not mean to imply, however
that the contracted portions of the heart-tube do not mark the regions
where valves will appear in future, nor to convey the impression that
the regions where the rhythmical valvular collapse of the cardiac tube
occurs during pulsatien are not constant in the embryonic bearts of
young fishes. All of the cardiac compartments appear to exhibit pul-
gations even to the bulbus, which, according to Huxley (Anat. Verto-
brates, 140), is not rhythmically contractile in the adult. True, the
walls of the embryonic bulbus are thin, like those of the sinus, and it
may be that its dilatations and contractions are simply an effect of the-
distension produced by the rhythmical contractions of the ventricle.
The effect of the pulsations of the ventricle upon the blood current are
visible at a late stage, just as wo see in the circulation of the gills of tho
galamander or the web of a frog’s foot; what is here meant is that the
blood flow is not at a uniform rate, but the current in the vessels moves
glightly slower and faster alternately, owing to the alternate cxertion
and non-exertion of the propelling power of the heart during the diastole
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and systole of the ventricle. These phenomena are well known to physi-
°]°giSts, and some of their effects are matters of every day class demon-
Stration, upon man and the higher animals, by means of the sphymo-
graph; in other words, the fish embryo has a pulse.

It has already been remarked that wide differences of cardiac develop-
lent oceur in different generaand families of osseous fishes. Take the
case of Idus melanotus, the golden ide; in the embryo of tbis species the
Venous end of the beart grows down between the front end of the yelk
and its epiblastic covering until the heart itself lies ventrad of the ante-
rior part of the yelk-mass. The Cuvierian ducts, which collect the blood
from the cardinal veins, actually pass around the tront end of the yelk
on either side, and join the venous sinus below it; besides these venous
vascular arches there is no eirculation over the yelk-sack in this species.

In Tylosurus the venous end of the heart is prolonged in front of the -
head of the embryo into an annular vessel which traverses the entire
cireumference of the yelk in a plane coinciding with the axis of the body.
Later two vessels arise from the cardinal veins which carry the blood
from the body over the yelk back to the outlying venous end of the
heart. Then below the head a huge pericardiac space or chamber is
gradually formed, which is roofed over entirely by theé epiblastic cov-
oring of the yelk-sack into which the heart depends, having been dis-
Proportionally elongated in copsequence. Its venous end is fixed to the
extreme lower part of the hugeheart chamber where it is continuous with
the yelk hypoblast or blood-generating layer which overlies. the yelk.

ere at it point of attachment the three vitelline veins join the heart
and pour their contents into it. The remarkable abundance of blood
Corpuscles in the heart cavity and their origin hasalready been described
In my paper on this species, so that I will not here repeat what has al-
ready been well cnough elaborated elsewhere.

In Apeltes the venous end of the heart is pushed out from the right
8ide of the body and is at first joined to an asymmetrical system of
Vitelline vessels, which at a later stage become quite symmetrically ar-
Tanged,

. In Salmo the heart is never prolonged outwards anteriorly or laterally
1o the embryo, as in the foregoing species. The vitellino system of ves-
Sels develop somewhat asymmetrically, and the great venous vitelline
trunk does not lie in the middle line but somewhat to the left :side. A
Dart of the blood which passes through the vitelline capillaries passes
'through the liver, and there are no greatly developed representatives
of the Cuvierian ducts which traverse the yelk-sack, as in Idus and Tylo-
Surys,

Tn the young gold-fish, Carassius, the Cuvierian ducts embrace the
anterior extremity of the yelk as in Idus, in order to reach the heart,
Which is ventrad of the yelk in position.
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In Siphostoma a subintestinal vein passes down behind the yelk-sack
and traverses its ventral surface in the middle line to empty into the
heart in front, which does not haveits venous end prolonged but simply
opens to this median vessel in a ventral direction. .

The embryos of Fundulus have the heart somewhat prolonged over the
yelk anteriorly.

In Gambusia, a diffuse, superficial, vitelline capillary system arises
from a very short subintestinal vein and lateral venous trunks which are
probably Cuvierian, but which are also assisted by the hepatic vein oB
one side. The capillaries so arising converge at the anterior end of the
yelk, where the venous end of the heart is prolonged downwards between -
the epiblastic covering of the yelk and the yelk hypoblast.

In the cod, when the blood-vessels are developed, thirty days after
hatching, the venous sinus opens upwards and backwards and receives
three sets of vessels, viz, lateral and ventral intestinal and the cardinal
veins, the latter by way of the Cuvierian ducts.

In Cottus a pair of anteriorly divergent veins, lying on the ventral
face of the yelk-sack, pass upwards and forwards to empty into the
venous sinus, just below where the cardinals debouch.

Alosa, Cybium, Parephippus, Elacate, Osmerus, and Pomolobus do not
bave a vitelline circalation at all, and here the beart soonest acquires
its adult position, as in the cod. But in all of these forms it is in the
highest degree probable that the heart opens directly into the segmen-
tation or body cavity, as I have demonstrated in Alosa and Pomolobus:
The mode of absorption of the yelk in these forms also becomes clear
on the grounds already stated in my paper on that subject, namely;
by direct gemmation of corpuscles from the yelk hypoblast into the
segmentation cavity, from whence they are taken up into the circula-
tion by the heart. '

28.—~DEVELOPMENT OF THE CIRCULATION AND THE FUNOTION OF
THE YELK HYPOBLAST.

The various physiological adaptations of the circulatory system, if
we may so speak, which we have described in the preceding chapter
show us clearly that one and the same function may be performed by
the profound, almost radical, modification of -the system of organ®
whicl is concerned in its manifestation. In no set of organs within &
restricted ‘group of types do we find any instance which presents more
striking variations than those observable in the arrangement of the
vessels upon the yelks of different species of embryo Teleosts. To
trace the course of the vessels themselves in the different forms to be
described is no easy task ; this will therefore not be attempted with the
less important oues, but only with the larger vascular trunks, which
are also the first {o be developed.

The development of the vessels themselves is so important for us t0
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understand that I sball here reproduce what Balfour has said of it in
his Comparative Embryology, II, p. 519:

“The actual observations bearing on the origin of the vascular sys-
tem, using the term to include the lymphatic system, are very scanty.
It seems probable, maiuly it must be admitted on & priori grounds,
that vascular and lymphatic systems have originated from the conver-
sion of indefinite spaces, primitively situated in the general connective
tissue, into definite channels. It is quite certain that vascular systems
have arisen independently in many types; a very striking case of the
kind being the development in certain parasitic Copepoda of a closed
8ystem of vessels with a red non-corpusculated blood (L. Van Beneden,
Heider), not found in any other Crustacea. Parts of vascular systoins
appear to have arisen in some cases by a canalization of cells.

“The blood systems may either be closed, or communicate with the
body cavity. In cases where the primitive body cavity is atrophied or
Partially broken up into separate compartments (Inseota, Mollusca,
Discophora, ote.), a free communication between the vascular system
and the body cavity is usually present; but in these cases the com-
Munication is no doubt secondary. On the whole it would seem prob-
able that the vascular system has in most instances arisen independ-
ently of the body cavity, at least in types where the body cavity is
Present in a well developed condition. As pointed out by the Hert-
Wigs, a vascular system is always absent where there is not a cou-
8iderable development of connective tissue.

“ As to the ontogeny of the vascular chanuels there is still much to
be made out both in vertebrates and invertebrates.

“The smaller channels often arise by a canalization of cells. This
Process has been satisfactorily studied by Lankester in the. Leech,*
and may easily be observed in the blastoderm of the chick or in the
epiploon of a newly-bern rabbit (Schiifer, Ranvier). In either case the
Vessels arise from a network of cells, the superficial protoplasm aud
Part of the nuclei giving rise to the walls, and the blood corpuscles be-
- g derived either from nucleated masses set free within the vessels
(the chick), or from blood corpuscles directly differentiated in the axes
of the cells (mammals).

“Larger vessels would seem to be formed from solid cords of cells,
t?e central cells becoming converted into the corpuscles and the pe-
Tipheral cells constituting the walls. This mode of formation has been
Observed by myself in the case of the spider’s heart, and by other
observers in other invertebrata. In the vertebrata a more or less similar
Mode of formation appears to hold good for the larger vessels, but fur-
Fher investigations are still required on this subject. Gotte finds that
0 the frogs the larger vessels are formed as longitudinal spaces, and
that the walls are derived from the indifferent cells bounding these
8paces, which become flattened aud united into a continuous layer.

Quart. Journ. Mic. Science, Vol. XX, 1880.




542  REPORT OF COMMISSIONER OF FISH AND FISHERIES. [88]

«The carly formation of vessels in the vertebrata takes place in the
splanchnic mesoblast; but this appears to be due to the fact that the
circulation is at first mainly confined to the vitelline region, which 18
covered by splanchnic mesoblast.”

Has it, however, been proved that asplanchnic layer covers the yelk
of fishes at a late stage, or after the inclusion of the yelk by the blasto-
derm? The reply to this is most positively in the negative in the case
of those forms devoid of a vitelline vascalar system. In those types
however, in which a vitelline system of capillaries is found, the answer
is not so clear. Sections of the salmon, just after hatching, are very i
structive, and we here find an arrangement which is most interestivg;
especially if those through theregion of the liver be examined, from the
ventral border of which it is evident that vessels are continued directly
over the yelk, and that it they are not wholly channeled out of the thick
plasmodinm or yelk hypoblast they are at most covered on the external
gide only, by an exceedingly thin layer of cells. Inasmuch as we know
that there are free nuclei imbedded in this plasmodium or yelk hypo-
blast, is it not possible that they may become the means of devecloping
cells for the walls of the vitelline capillaries as well as blood corpuscles'l

"As remarked some way back, I found that the external epiblastic soma-
topleural and outer peritoneal layers of the external yelk-sack of the
young salmon might be entirely stripped off from the yelk and that
they were nowhere adherent to it, and that this exposed the vascular
layer covering the yelk. Moreover, the space which lies between the
vascular and outer envelopes of the yelk has been derived from the
segmentation cavity and becomes abnormally and' greatly distended
with water when salmon embryos are affected with what is known a8
“dropsy” amongst fish-culturists. In such cases, too, the space will
often contain dead blood corpuscles, after some of the vitelline vessels
have been ruptured and injured, which often leads to the partial OF
complete stoppage of the-vitelline and hepatic circulations, which may
of course be fatal to the life of the embryo. The hind portion of the
outer sack is also sometimes abnormally distended backwards and is
finally constricted and slonghed off, while the embryo, which has lost &
part of the outer yelk covering in this eurious manner, may go on de-
veloping normally if the place where the diseased part was broken off
has healed promptly. From all of these facts, it may be inferred that
whatever the significance of a splanchnopleural layer may be it cannob
in any case be other than the inner or lower peritoneal part which has
been reflected over the yelk and which is traversed by the vitelline bloo‘}'
vessels. Now in sections through just-hatched salmon, its tenuity 18
very great and is present only as the thinnest kind of a film over the
true yelk hypoblast, but, as already stated, whether it may be certainly
identified with the innermost splanchnopleural layer is a question which
I canuot certainly answer. On the inner side of the vessels, the blood-
cells are seen to lie in immediate contact with the plasmodium or yelk-
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Py Doblast, and it is to be inferred that blood cells are budded off directly
Into them, the division of the free nuclei in the subjacent plasmodium
Probably multiplying and giving rise to these blood corpuscles. In this
Way it is conceivable that the yelk is gradually broken down, just as we
lfQOW that by a similar process the yelk of Alosa, which has no vitel-

e circulation, is absorbed. The lumen of the vitelline vessels is also
depressed or somewhat flattened upon the yelk surface, and not round
88 in other parts of the body, and in some cases ( Tylosurus and Apeltes)
they have at first the form of exceedingly irregular channels, which are
€vidently much more deeply excavated into the plasmodiumn layer at -
80me points than at others. In Adpeltes the first sign of any vessels is
.t'he appearance of a large irregular sinus on one side of the body between
1t and the yelk in which the blood corpuscles vibrate in unison with
the pulsations of the heart, there being as yet no complete open channel
Or cyclical path for the passage of the blood back to and through the

eart. The vessels end blindly at first and are also progressively length-
€ned, and possibly the rhythmical impulses given to the primitive

lood during pulsation helps to open up the channels still farther.
Bnch blind vascular terminations are found on the yelk of a number of
Species at an early stage of development of the blood system and usu-
fl-lly end acutely but finally push towards and open into some pre-exist-
Ing channel, when they at onoc hecome wider. In such blind vascular
Yerminations the blood cells simply oscillate back and forth. In Tylo-
8urus the early blood cells may form adherent masses in the great merid-
lonal vessel of very uneven caliber, which is the first to be formed and
Wherein these masses move fitfully or only oscillate with the pulsations
of the heart. They soon acquire o reddish tinge, but the fact that they
adhere together shows that possibly they are of the nature of confluent
White corpuscles or even masses detached from the plasmodium layer
Which here evidently forms the floor of the vessel, in the act of segment-
Ing and becoming blood corpuscles. This primitive blood of Zylosurus
18.al80 rich in serum and poor in blood-cells. In Apeltes the blood colls
are more pumerous at a similar stage.

In Gambusia the blood-vessels which traverse the yelk, like in Salmo,
8eem more or less deeply imbedded in the yelk-hypoblast layer, and I
find it difficult to determine the nature of their outer coverings; inter-
TDally they seem to lie in immediate contact’ with the yelk, so that the
Contained blood-cells in sections of hardened specimens are packed right
8gaingt and impressed iuto the plasmedium or yelk hypoblast. The
Vascular network over the yelk of Gambusia is, however, much finer than
In Salmo, and relatively thicker as seen in sections, but the external
Covering of the yelk-sack, unlike in the latter species, is not thick and
t‘7"0-layered, but exceedingly thin and formed solely of epiblast on the
Ventral and lateral portions. ‘ .

In diosa no cellular elements are distinguished in the yelk-hypoblast;
Wis a thick homogeneous coating over the yelk, with scattered free
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nuclei imbedded in it, and in sections strands of its substance pass it
wards to be insinuated between the coarse yelk masses in the interioh
which are composed of a different kind of granular protoplasm. The
The free nuclei are most abundant in the dorsal and anterior portion of
the yelk-hypoblast. No vessels or traces of any are ever found travers:
ing it, and with the approach of the later stages of development it is
not clear that the heart maintains its wide communication with the seg-
mentation or body cavity as observed at au earlier stage. The yelk, 8
absorption proceeds and diminution of its bulk results, assumes a fusi
form shape or becomes somewhat like an oat-grain in form. All this
while, however, its anterior end continues to lie close to the heart and
may even bedrawn out into aconical process, directed towards the venous
sinus. This conical process consists almost entirely of the yelk-hypoblast
or outer rind of the yelk proper, which does not disappear with the col-
lapse of the yelk, butis kept of about the same thickuess until the whole
of it with its contained granular protoplasm is absorbed. In this col
lapse we may also note another point of interest; it is that the yelk
diminishes behind and below so that its anterior end maintains its close
relation to the heart while the posterior end, as it recedes towards the
head, uncovers more and more of the under mde of the liver behind and
above it.

" The mode in which the yelk hypoblast is continually kept of the sam®
thickvess is very remarkable. While its substance is being removed
externally by the gemmation of blood-cells fromn its surface into the
gsegmentation eavity, as in Alosa, or into the vitelline vessels in Salmo,
its thickness is maintained by the apposition of material to its under
or inner surface frown the underlying yelk, the internal granular matter
of which is slowly transformed into the clearer and more homogeneous
plasma of the yelk-hypoblast proper. This traunsformation goes OB
until the whole internal yelk mass is thus made transferable to the
nascent organism of the young fish, by means of the blood-cell gemma-
tion already spoken of. Yelk absorption is therefore a pbysiological pro-
cess of the most fur-reaching significance. The yelk itself may be com-
pared to theendosperm of a large seed in which the stored proteinaceous
matters are slowly broken down by the agency of an organic forment
and rendered soluble and diffusible through the cellulose walls of the
component cells of the infant plant. The analogy does not stop here,
however. If welook deeper, it is not improbable that we may hit upon
the true significance of another set of phenomena which have not, as far
as I am aware, been viewedl in the llght in which we propose to view
them in a succeeding chapter.

The absorption of the yelk of the cod embryo is evidently similar t0
that of the shad. In Fig. 49 a yelk canal ye passes forward to the heart
from what is left of the yell d. This canal is evidently similar to the
arrangewent seen in Alosa, where there is an aunterior conical process
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f(;l‘me the yelk hypoblast; the layer hy in our figures is the homologue
the yelk hypoblast in Alosa.
In the study of the yelk circulation of Coregonus albus, or Lake white-
8L, the vitelline vessels in optic section appear to have an inferior as
well ag outer wall and to be connected together by a thin membrane
k‘tretching between them. Can it be that this vascular membrane is
cOll‘tinuous with the heart through the thin posterior splanchnopleural
}’e‘l‘lcardiac membrane? It would seem as if this might be the state of
ffairg in this species, if not in all forms. The fact that tho Cuvierian
fllJcts develop in the upper lateral portions of this membrane is greatly
0 favor of guch an interpretation. In Coregonus we may also observe
that there is in the living embryos a very shallow fluid space Letween
the yelk and the vascular layer between the courses of the vessels, - In
ardened specimens of salmon embryos sections show the vessels de-
Dressed; this I now suspect may be due in part to the compression and
Shrinkage of the outer yelk-sack under the influence of chromic acid.
Vhile we can say positively that the posterior und ventral pericardiac
wall does not include or cover wore than a small portion of the upper
Surface of the yelk at the time of hatching in Alosa, it is probable that
When the yelk is almost absorbed that it may entirely envelop it. It
May ylso be said that a marked acceleration in the developmnent of the
Vaseular splanchnopleural yelk-layer continuous with the venous end
of the heart may and does probably occur if we mnay be guided by the
evidence supplied by the investigations of @llacher on the trout. This
View will account for the carly development of a yelk vascular sys-
Fem in-some forms and its absence in others. It will also explain why
it is that in some forms an intercommunication exists between the
heart and segmentation cavity while it is absent in others. The re-
markable law of aceceleration and retardation, which was first distinctly
formulated by the eminent palazontologist, Professor Cope, is exemplified
on every hand in a study of the development of osseous fishes, and fur-
lishes g clow and key to much that would otherwise be obscure.
» The embryo salmon, immediately after hatehing, has an arrangement
of capillaries whiel is in the highest degree interesting. The main ves-
sels now consist of a great median dorsal aorta which passes backwards
just below the subnotochordal rod to the upturned hinder extremity of
the chorda. Here intercommunication between the aorta and caudal
vein is established by way of a singular caudal network of capillaries,
Which, first of all, empty into a sinus-like, non-contractile dilatation be-
fore they pour their contents into the caudal vein, which then passes
forwards ventrad of the aorta towards the head, dividing into the two
Posterior cardinals above the intestine. These cardinals then give
off capillaries again which pass around the intestine and unite into &
subintestinal vein as large in diameter as one of the cardinals. The
subintestinal vein then passes forwards over the yelk, and, bending a
little to the right, ends under the liver, into which it pours its blood,
S. Mis. 46——35
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again breaking up into smaller vessels in the hepatic tissue, ihe
es over

the blood again emerges to be conveyed in larger capillari by
yelk-sack, and which pass outwards, downwards, and forwards, t0 ewy 'i
into the great median vitelline vein on the ventral face of the .\'elk."r
little to the left side of the middle lihe. The anterior and Postc_ﬂo
cardinals together with the great vitelline vein empty their blood m N
the venous sinus, from whenceit is passed into the heart, and fromt 101";
through the branchial vessels is sent through the carotids and ao_r ;
the latter of which is supplied by the combined currents from tl
hinder branclial vessels, which converge and meet in a ¢common a0 o
trunk below the medunlla oblongata. The subelavian artery of the P(il o
toral arises from the vicinity where the branchial vessels unite jnto t]ic
aortic trunk. The origin and course of the submaxillary and cepb? 5
vessels 1 have pot made out. Supraocular and postcerebellar ve
pass backwards on the head to empty into the jugulars. ir
The somatic capillaries are somewhat interesting in respect t0 the

) e o4rds O
arrangement. They are given off from the aorta and pass outward®
either side through the muscular septa between the muscular Somle

on b

on the middle line of the side, all of them traversing the comit
tum which divides the dorso-lateral from the ventro-lateral porti‘”'
the muscular plates. While these vessels are of a capillary chard® 10
in the embryo, they become the segmental arteries and veins 0 50
adult. The course of the blood current in them is not in tho Sﬂlrs
direction in all of them, however; in some it is afferent and in oth® 1
efferent in direction, 8o that it would appear that some of the segme’ -
vessels were really venous and others arterial.  After reaching the,suw
face the arterial segmental vessels divide dorsally and ventrally mss
branches which follow the courses of the intermuscular septa to P?
inwards at the dorsal and ventral borders to unite with the cardind «0
candal veins. The venous segmental vessels are supplied from 9
vesséls which have exactly the same course as the iutcrscgmcuta‘] _L'
pillariesof the arterial segmental vessels, but the blood-flow is outwa! W
They bend over the upper and lower edges of the muscle plates, fq "
the septa, and at the middle line of the side, at the level of the hor”
tal septum, between the dorso-lateral and ventro-lateral plates, conve 1
into an incurrent segmental vein. These intersegmental veins "'cls
arteries do not alternate regutarly; there may be two arterial "CS? .
in succession followed by @ vein between the next two following ®

. oy thO
ments. The dorso-ventral intersegmental capillary loops cont ey Y
se

blood from the aorta and to the great veins, so that in the ¢15% ¢ oy
true interscgmental vessel it may have either a single or a douDblo 0”"1
from the aorta, according as the outgoing vessel passes direetly 0 o
surface at the middle of the side or by way of dorsal and veutra-l' al 1o
rinl loops. The mode in which these vessels are channeled out 1" t
body I have not been able to make out. 1t
In Coregonus the vitelline vascular system is not so coml}lex’ b
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% in Salmo, there is a subintestinal vein, which, unlike the sub-intesti-
U veiy of Salmo, is bent upwards just at the hinder extremity of tho
8lk gqe) to end in thelivery in which it breaks up into a hepatic plexus
0 emerge in the form of vitelline eapillaries.
U .Gambusia tho subintestinal vein is short or absent. My reason
01‘. thinking it absent is the fact that there is no vessel in this form
Ich has the same origin and termination in the liver as in the salmon.
lag might be regarded as a subintestinal vein is the anterior end pf
r'i:}calldal, which is bent downwards abruptly and.txtaverses'the poste-
O portion of the abdominal cavity obliquely to divide on cither hand
o posterior vitelline vessel or vitellino canal on either side of the
qu) Which passes forwards to join and pass somewhat beyond the out-
Olng Cuvierian vessels into which the liver also pours its blood at one
6. Prom these lateral vascular ares the vitellino capillaries take
ir origin; they have a generally downward and forward direction.
bout the twenty-fifth day after impregnation, and five days after
ﬂtching;, in the series of cod embryos studied by the writer, there was
% omplete circulation apparent in the branchial vessels, the aorta, and
Garding) veins, but only for -a short way back. This primitive circula-
00 did ot extend much beyond the extremity of the intestine or ab-
Oipg) cavity at this stage. In Lig. 40, twenty-two days after impreg-
Jation no sign of circulation could be detected. In three days more,
0\ve\,er, blood corpuscles began to be more abundant and the vessels
“oulq b seen to be slowly and progressively forming from before back-
Wa.rds in the strand of vacuolating mesoblast underneath the notochord.
Ith the progressive lengthening backwards of the aorta and caudal
vem’ the point of union between them was also pushed backward, but
N What histological process was not made out. The point of union
‘O.tween the caudal end of the aorta and the caudal vein is shown. at p,
(8. 45, representing an embryo ten days after hatching. A subintes-
Mal anq lateral venous intestinal trunks were also developed at this
8¢, which were joined together by short vertical vessels.

24‘\I)EVELOP}\I?EN'_I.‘ OF THE PIGMENT CELLS OF EMBRYO FISIES.

I the embryo cod, as in young fishes generally, pigaent cells begin

¢ differentiated just under the epithelial layer of the epiblast at an
Car]y period. In the cod they appear as small rounded scattered cells
Ta 8lightly darker color than the surrounding tissues about the time
o the closure of the blastoderm. From that time forward, however,
&Y become progressively darker and more densely loaded with gran-
8 of melanin. They also soon lose their primitively rounded or bis-
Ut lig form and become depressed and manifest a tendeney to throw
Ut flattened pseudopods or prolongations in all directions. When far
adv“nced in development, as in the later stages, the darl nw.luni‘u gran-
8 do not entirely obscure the nucleus of the pigment-cell which may
® Noticed in jts center as a very refringent body entirely devoid of

uj
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8
pigment granules. The pigment-cells of the body are the first toeb
developed and are the first to become stellate, as shown in Fig. 32’_“']: 0
those on the tail are still approximately round. Up to the time &
hatching they are pretty uniformly scattered over the body anc
abundantly on the head, as showu in, Tig. 34. .

Beyond this stage a marked change in their distribution occurs
cannot be explained without supposing them to possess to @ cer'si'
extent a power of migration or means of changing their original pOu‘
tion bencath the dermal epithelinm. They aggregate in unerring T ‘
larity in every embryo at about the same places after batching, ?5 mll)‘
be seen in Figs. 40, 42, 45, and 49. Two clusters of them are ub! o i
aggregated on the dorsal and ventral surface of the tail, a8 show? ol
Figs. 40 and 45 at pi. Inthe first figure they are less densely aggr eg? "
than in the last; this is due to a spreading of the pseudopodal Pr‘)longiu
tions of the pigmented protoplasm composing them. Some of the™ °
the cod now have, when highly magnified, a striking resemblance od
flower, the corolla of which is represented by the radially arrange Jls
flattened black protoplasmic processes of the cell with the clear ! ue yel
in the dark center. On the head region they remain isolated an¢- o
without marked processes, as may be seen upon looking at those T
resented on the brain and jaws in Fig. 49, . {ho

A second and internal layer of pigment cells is developed ”l.uﬂ
embryo cod. These are confined to the dorsal parietes of the abdoo? gl
cavity and scem to underlie the peritoneum. These appear later ion
those found in the skin, and whether there is any genetic reld ity
between the dermal pigment cells and those of the abdominal cﬂ'.v 0'9
would perhaps be hard to say, though it is to be remembered tha‘t SIDM.'
we know them to possess wmigratory powers in other situations, it ;
not be impossible for the pigment cells of the abdomen to have pri"‘a]r] eil
originated from thé same layer as those of the skin. In Fig. 4 ol
are shown as especially well developed just over the intestine, liver
air-bladder as far forward as the base of the breast fins. of

In the young four-spined stickle-back, Apeltes quadracus, @ sec g3l
kind of pigment cells are developed, forming a row on the median dor o
line and a row on cach side of the body. These are of a dirty ye pes
color, but they develope precisely like the more numerous black © D
which surround them and which give the very dark color to the y(:;;ys
of this species, which are as dark as young tadpoles, two or threé
after hatching. od

The young goldfish (Carassius) has only black pigment cells chel‘?pst.
after hatching, vo sign of the bright red color being apparent v J“ts_
hatched embryos known to have been spawned by red-colored pa“? i
The same remark applies to the young of Idus melanotus, another oyP o
noid, in which the skin of the adult is brilliantly colored with re
orange-red pigment. ) . he

To show that light has probably very little to do with inducing

Whi‘fh
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eev:]::?ment of pigment in an embryo fish, we have the very x'emarka.l')le
peg, @Gambusia, in which pigment-cells are developed in- the skin,
i ally on the head, to a remarkablo degree, or almost as densely as
°"ilri§ 3"_’“9{; of Apeltes, while the young fish is st.;ill .m.close(l in the
i u follicle of the mother. The conditions by which it is surrounded
in Ose folli(fle‘ being especially unfavorable t(? the a'cccsdon of light-,‘
N ﬂl?((ll ag it is within the more or less ex.tensn'ely plgmentc.d walls of
Dogiy, omen of the parent, and we are driven to the extremity of sup-
e o & that this prenatal pigmentation of the embryos of Gamlbusia is
0 the unsuppressed influence of heredity.

phi;pionclu‘sion., it may be of interest to note that 1he..young of que-
ack ) Wlncl') in other respects develop almost exactly like t,l‘)e Spanish
gy Qfel during the early stages, soon show a tendency to form a red-
thiy Digment over the abdomen and remains of the yelk-sack, on the
0 day after bhatching. The reddish pigment-cells of this form are
2 U conflyent and have long and complex interjoined processes, much
an .f:]ed:. like pigment-cells genera-]}y. Inthe young of the same species
("ltli;h n length, the future vertical bands of the adult are already
My e ed in Dlack. The red pigment seems therefore to have a larval

Om?]lﬂeance, and to be useful probably during an early period of devel-
nt only.

2%
*~THE LAW OF DISPLACEMENT OF THE GERMINATIVE VESICLE.

“e}: e’E well kuow.'n that in the large-y“elkcd‘or m.(.-rohl-ustic cggs of many
N 2. rates and mvertebra?es there: is a migration of the nucl-eus of the
the r?t a late stage of ovarla'u dgve}opment Fowurds the surface before
Otheriscent .ovum has left its follicle. I.t is noteworthy tlmt,‘ on tho
Wi 2and, it is only the small holoblastic or evenly segmenting ova
i e(’ut a yelk which retain their nuclens nearly in the center to the
N and coundition of emission from the ovary. Examples of this type
Presented to us in the mature ova of mammals, of Amphiorus, and

of hy invertcbrates, In the egg of the oyster only & slight eccentricity
¢ nucleus is notable in the mature egg, and wo find that its eggs
IHD?\rPt but slightly from the holoblastic or even typc of segmentation.
™ assa, a gasteropod studied by Bobretsky, the sef‘_;’nmmution is more
tha:}utal’ and tl)grefore appl"oxinmfes the 1.neroblz?shc type more neur}y
ma% he egg of Ostrea. The ObS(.‘I‘\'Cfl iacts. with rcgu.rd to the fhs-
IQQ ment of the nucleus or germinative vesicle before impregnation,
U8 to enunciate the following general principle: The nucleus or
Ommativc vesicle is permanently displaced from the center of the ovum m
Bortion 1o the amount of food-yell: which is developed, the amount of its
nc’lt?‘ictir,y, or the distance through which it is displaced from the ori‘gina..l
%7'22 0.j the ovim is governcd envively by the amount oj'. Jood-yelk which s
fy W an egg during its intraovarian growth. This appears to be a
fa., amental Jaw of ovular dovelopment in general, and one which is
~1'eachiug in ity significance in rclation to the later pheoomena of
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cleavage. In fact, it gives us a clew to why it is that there is such 3
distinetion between ova as the evenly and unevenly segmenting or tho
holoblastic and meroblastic types. It will also be seeri that it is prob-
able that the two types pass into each other by insensible gradations
which we find is truly the fact when we tome to institute a large series
of comparisons between observed types of development. Moreover
the food-yelk has simply a physiological significance; it is merely @
store of food, which has been superadded during the intraovariat
growth and maturation of the egg, yet the effect of this supemdded
yelk is to modify the process of segmentation profoundly. That storo
of deutoplasm which is added to the egg to nourish the embryo and
carry it to that condition of development when it can in a measure tako
care of itself] is also of profound significance in relation to natural sele¢
tion, by the operation of which it can alone be supposed that yclks
were evolved. This all-comprehending Darwinian law is therefore seen
to have influenced the mode of segmentation of ova by and through t.h'O _
minor and secondary law of nuclear displacement which has been indl
cated above, )
The degree also to which the nucleus is transported from its prim)
tively central position determines the degree of inequality of the firs
segmentation. It is now in the highest degree probable that in the for
mation of the germinal disks of meroblastic ova the process is one 9“"1
the same throughout the animal kingdom, viz, that its development 1%
accomplished by the migration and concentration of the germinal mat:
ter of the egg at its animal pole.  'We have evidence in superabundanc®
in favor of such a view of the matter,in a great many departients ©
embryology. There is an evident tendency on the part of the gcrhliuﬂ
protoplasm of ova to separate itselt spontaneously from the food yelk 0¥
dentoplasm and aggregate itself ecither superficially over the wholo
surface of the ovum, as in the case of eentrolecithal, or at one pole mainlys
as in meroblastic or telolecithal types. We will find, however, that tho
distinction between these two formsis primarily less important than migh?
be supposed, for the meroblastic type passes through a distinet centro
lecithal stage prior to the development of the germinal disk in Gadi$
while in other forms the mode of disk development is complicated by &
network passing down into and between the deutoplasm masses {100
the external stratum of germinal protoplasm, as in the ova of C]ll])(‘()ids
and Leuciscus. The remarkable centrolecithal segmentation and &1
rangement of the protoplasm of the eggs of the arthropods is, therefort
found not to be so radically different from the usnal type as might ﬂﬁ'
first be supposed. Its arrangement, under slightly diflerent laws ©
segmentation, is referable to the same fundamental principle governing
the dissociation and aggregation of the protoplasm and deutoplasm into
separate masses. I wonld also regard the deutoplasm as almost entirely
passive in the process of its absorption during the later stages, for We
have seen that it is actually appropriated by a remnant of the origini
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g}‘:rmiuul protoplasm, which takes it up by intussusception and apposi-
tion. The coarser granules of the deutoplasm are slowly broken down,
38 we saw in the case of Alosa, and converted into the more homogene-
0us and much more fincly granular and more highly vitalized protoplasm
of the yelk hypoblast.

In the very act of the mechanical dissociation of the protoplasm of
the egg from its dentoplasm, we have an explanation of why the nuclei
are attracted to the former and repelied from the latter. The first is
the portion of the egg which is dynamic in character, the portion in
Which developmental potentiality inheres; the second is in the static
Condition of what Beale might perbaps call “formed material.” This
attraction of the nucleus or germinative vesicle for the protoplasm of
the egg points to its true nature, and must be of a directive or trophic
Character, as insisted upon by Rauber; its office, in short, appears to

e to direct those phenomena of protoplasmic rearrangement and con-
tI‘Iletility, and perhaps of metabolism, which transpire during segmen-
tation. The rhythmical metamorphosis of the nuclear bodies into com-
Dlex ¢ gsters” or-caryokinetic figures, with granular lines radiating in
all directions through the surrounding plasma, like the pseudopods of
a heliozoon, would seem to indicate that something of this sort is the
function of a part, at least, of the nucleus.

The first segmentation furrow, or that usually described as such,
}Vhicll divides the germinal disk of the Teleostean ovum into two halves,
18, according to Hoffmann’s investigations, not the first, but, on the

" Contrary, must be considered asthe second to be developed in the order
of time. Ilis researches have shown that a cleavage spindle is devel-
oped, when the germinal disk is finally marked off from the yelk hypo-
b]ast, just after impregnation. The axis of this spindle also coincides
With the diameter of the egg. W therefore have, in this fuct, the final
Proof of the law of nuclear displacement, which has been pointed out
little way back, and also why it is that there may be a great dissimi-
larity in the size of the deutoplasmie, as compared with the protoplasmic
Inass of germinal matter, dependent as this must be upon the amount
of food yelk which has been stored in the ovum during its intrafollicular
development.

Inasmuch as the yelk of some ova has the form of coarse ovoidal

‘hodies, involved in a matrix of soft plasma, as in those of Lepidosteus
and Amia, for example, an approach is evidently made towards the
condition of the stored nutrient materials in the cells of seeds. Asin
'flle latter, we may call these bodies, which are said to be eomposed of
ththyine by chemists, globoids. Upon making sections of the mature
Ovarian ova of Lepidosteus, I find that the germinative vesicle has left
the center of the egg and passed outwards almost into contact with the
egg.membrane.  Ilere the nucleus is snrrounded by a mass of germinal
Matter evidently destined to form the germinal pole of the egg. The
Coarse globoids of the central and lower portions of the egg gradually '
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grow smaller as they approach the nucleus, around which they form @
discoidal mass with the nuclear body imbedded in the center. The glo-
boids of this incipient germinal disk are very small but ovoidal in form
like the larger ones of the deutoplasm. They therefore simulate the
granules or microsomata of other protoplasm in general. The nucleus
still maiutains its spherical form in the disk. It may be that in some
such way the protoplasm of the germinal disk of the eggs of osseous
fishes is developed. We find, in fact, that an opaque granular stago
precedes the clear stage of maturity, by which time also the nucleus
has migrated from the center and disappeared in the rind of protoplasin
which now envelops the deutoplasm; this protoplasmic envelope now
constitutes the true hollow egg cell with the nucleus in a very eccentric
position imbedded in it or intimately blended with its substaunce, while
the deutoplasm may be looked upon as stored material or added ma-
terial, in short, rather as the cell contents than as an active part of the
cell itself, According to this view it also becomes of interest to note
that the position of the oil spheres or drops in fish ova is due to the
same cause us that of the deutoplasm or food yelk. They are, in fact,
always more or less deeply imbedded in the deutoplasin itself, and not
to any extent in the protoplasmic envelope. The fish-egg is, moreover,
directly comparable to a fat cell, in which large oil-drops have been
formed internally, the presence of which has compelled the nuclens to
assume a parietal position at some point in the superficial enveloping
protoplasm; just as in the fat cell the nucleus has been repelled from
its central position by the encroachment of the stored fat, the nuclens
of the Teleostean ovum has been displaced by the eneroachment of the
stored deutoplasm.

In the true first segmentation we also saw that the protoplasm wus
differentiated into two parts, viz, a true germ disk capable of segment-
ing and developing the embryo, and a protoplasmic yelk envelope, the
function of which appeared to be entirely that of an appropriative and
transformative membrane, histologically a syncytium, coneerned mainly
in the elaboration of blood from the deutoplasin. The workings of the
general law which we have been tracing is evident wkerever we meet
with meroblastic or centrolecithal ova, and is, as we have seen, of great
physiological importance and invariably determines the planc of the
true first cleavage and consequently the relative dimensions of the germ
disk and yelk. It may be said, however, that the proportional bulk of
germ and yelk is probably determined by the higher laws of the strug-
gle for existence. It is also true that the bulk of the yelk has not the
slightest value in classification, as great variations occur in respect to
size within the limits of the same family of tishes. Again, itissingular
that the eggs of some amphibians should approach much more nearly
than those of the fishes the holoblastic or evenly segmenting type,
while the much smaller ova of many of the latter should present us
‘with an extreme form of the meroblastic type. The only explanation
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applicable to these cases seemws to lie in the physiological relation
pointed out as subsisting between the germinal and nutritive matter of
the egg, which determines the plane of the first cleavage, but this does
not dispose of the question why one form with a much smaller egg
should Ve supplied with a much swaller amount of germinal matter
than another with a much larger egg. The consequences of the com-
parison just instituted between the ova of the frog and fish do not stop
kere, however, for we actually find that the amount of germinal and
nutritive matter in proportion to cach other is not the same even in
different genera and species of fishes, [ now call to mind illustratious
of this from amongst the Salmonoids. In Osmerus the germ is much
larger in proportion to the yelk thanin Salmo. Of two forms belonging
to different families, Alosa bas a relatively much larger germ than Ty-
losurus, in the latter of which the germinal disk is reduced to the ex-
treme of relative diminutiveness amongst the fish ova which I have
studied.

The remarkable phenomena which have been discussed in the pre-
ceding paragraphs are due altogether to the inherent motility of the
protoplasm of the germ and nucleus, What the nature ot the force is
which impels the protoplasm of the fish ovam to migrats towards the
germinal pole or to aggregate into a germ at all we cannot say.  While
it exbibits actual contractility and a self-moving power resident in and
manifested by its own substance, science is not yet ready to assert thas
it knows anything of its efticient cause. - This is a phenomenon as in-
scrutable in its essential nature as the movements of the living ameba.
The movements of the protoplasm of the egg of the fish in the act of
forming the germinal disk only resemble to a certain extent those of
the amomba ; there is no exact parallelism. The amaba, in the active
stage, moves about continually in its own peculiar way like any other
perfect animal; practically, the protoplasm layer ot the tish ovum stops
moving in a distinctly ameebal manuer after it has aggregated itself
into the germinal disk. In these respocts the perfect organism of the
amba differs from the germinal matter of the fish no less than iu its
want of any power of segmentation and metamorphosis into a deter-
minate species of fish embryo. The current ridiculous and unscientific
statement that the germs of animals may be likened to an awaeba has
no foundation in observed fact. From their earlicst incipiency fish ova
differ radically from an amceba in appearance, and would not be mis-
talken for one by the merest tyro.

The nuecleus of the amaba after the ingestion of food is usually dis-
placed to a marked extent from the ceutral position. This eceentrice
position of the nucleus of the am®boid Protoplasta seems to be depend-
ent upon essentially the same cause as the displacoment of the nucleus
in the meroblastic egg, viz, in consequence of the absorption of mate-
rials by the endosare, which regnire to be raised to the condition of the
living protoplasm of the rest of the animal by metabolic processes. The
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ingested food-materials taken up voluntarily by the amaba are analo-
gous to the deutoplasm stored in the protoplasmic envelope of the mero-
blastic egg, and carried to it by the blood vascular network which
traverses the ovarian follicles ; with this difference again, that whereas
the transformation of ingested material by the amasba is probably car-
ried on by the belp of organic ferments developed during digestion, the
addition of new material to the growing egg is probably effected by a
cumulative process without the help of a ferment, the stored proteids
undergoing an actual retrogressive metamorphosis into non-contractile
globoids, or granular, globular, or ovoidal vitelline bodies in a condition
of stasis or quiescence.

It also appears to be true in general that, whenever the layers of cells
comprising the whole or part of the yelk begin to segment, those of them
containing yelk material or granules have the nucleus more or less ex-
teunsively displaced from its central position, which is in conformity with
the general principle stated. TFor convenience we may name those
forms of cells and ova which do not have the nucleus permanently and
notably displaced, as homogeneous or Lomoplastic, and those which ex-
hibit marked permanent nuclear displacement as heterogeneous in com-
position, or as being heteroplastic.

This scheme does not exclude such typesof cells as those of the noto-
chord or the yelk-sack of a fish egg with its contained oil drops. We
find, indeed, that a large oil sphere may be the last part of the yelk to be
gradually broken down during yelk absorption, as in Cybium. The
reasons for regarding the yelk as a cell have already been stated, and
it will be needless to vindicate the claim of the chorda cells with their
large fluid cavities to that desigunation. The true first cleavage of the
Teleostean egg occurs when the germ disk is finally differentiated at
the time the first segmentation, nucleus divides, leaviug one half of the
latter in the plasmodium or yelk hypoblast, the other in the gerin disk.
At this stage, therefore, the germ is a cell and the plasmodium euvelope
covering the yelk another. The germ cell is the active animal cell; the
lower or yelk-containing cell is the passive and negative one, the con-
tents of which are mostly broken down during development by the
metabolic agency of the plasmodium envelope. -

A set of phenomena are, however, to be considered in this connection
which must qualify the preceding general statements. I have been care-
ful to say that the nucleus of themeroblastic egg is permanently displaced
when maturation is complete; that is, evenafter the extrusionof the polar
cells.  In holoblastic ova tliere is a marked recession of the remains
of the nucleus concerned in the first segmentation towards the eenter
of the egg after the extrusion of the polar cells; in fact after being shioved
to the perviphery to form the amphiasters and polar cells its remains
return to a more nearly central position as the first segmeontation nu-
cleus than that occupied by the germinative vesicle at the time the egg
was freed from the ovary. This is also a fuindamental distinction be-
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tween the meroblastic and the holoblastic types of eggs. The return
of the segmentation nucleus towards the center of the egg is apparently
preveuted by the presence of yelk or deutoplasm in the egg. Theseecond
or subsidiary principle qualifying the first in that the degreeof recession
of the segmentation nucleus towards the center of the egyg is determined by
the amount of food yelk which is present in its center or at its vegetative
pole.

We must not, however, forget to mention thatin the meroblastic eggs
of the frog, and Clepsine, according to Whitinan, the first segmentation -
nucleus may return to the center of the egg after impregnation and seg-
ment twice, forming four nearly equal cells, before the four new naclei
are finally repolled to the animal pole to establish a meroblastic form of
© segmentation. These appear to be cases in which the final displace.
ment of the nuclei has been retarded. The prineiple involved is the
satne, however.

26.—ON SOME OF THE PHENOMENA OF SEGMENTATION AND GROWTH.

Recently the study of the processes of segmentation has Deen pur-
sued very suecessfully by a large number of investigators upon a con-
siderable number of forms. One of the most recent papers on the sub-
Jject is by Prof. A. Rauber,* who has taken special pains to investigate
the successive development of the segmentation furrows and their re-
lations of direction to each other and to the axis of the nucleus in the
act of division, as well as the direction of the cleavage planes of seg-
menting cells in relation to the growth in extent of s flat membrane
or other structure, He also considers the phenomena of contractilit y
or movement of the protoplasm during segmentation and has arrived
at what appear to the writer to be some very important conclusions re-
speeting what may be regarded as evidence of its structure and the ro-
lations which this bears to processes of growth and metabolism or waste
and repair. Without pretending to review Ranber’s hmportant contri-
bution to the subject of the morphology of protoplasm, if we may so
speak, the writer has for a considerable time past heen approaching
somewhat similur conclusions regarding the nature of the pliysieal sub-
stratum of vital phenomena. Many of our most able investigators have
been striving to represent it in an altogether too simple and howmoge-
neous form, until the idea is widely prevalent amongst otherwise well-
informed persons that there is really some such thing as an homogene-
ous primordial living jelly out of which all living beings are formed. [t
is stated by some to be a colloid, like gelatin or gum, but if we study it
narrowly we tind that it differs physieally in & good many respects from
these substances, one of the most striking of which is, that unlike the
not-living colloids it will not mix iu any given proportion in the living

* Newe Grundlegungen zur Kentniss der Zelle.  Morphologisches Jahrbuoh, VIII, ) Pp. 233~
338, pls. XI-X1V. Leipzig, 1882,
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state with water as they do. That it has colloidal properties of a kind
which are conditioned by its living state no one would perhaps deny,
but to treat living: matter with the same terms and with the same im-
plications as not-living diffusible substances is manifestly an abuse of
terms. Nor does the implication stop here, for if we look into the pro- .
cesses of secretion in living bodies, there is apparently a tendency on
the part of the living membranes to act somewhat like dead ones, yet it
will require little reflection to satisfy the most ordinary mind that there
is not only a difference of degree, but of kind, when the two are com-
pared. The not-living membrane depends upon purely physical prin-
ciples for its workings, while the living membrane is an apparatus in
the true sense of the word, often cowprised of many parts with diverse
functions, such as columnar or ciliated pavement epithelium, with con-
nective fibers, muscle, nerves, and vessels composed of cellular units,
each of which may have a specific share in the processes of transundation
carried on in follicles or cavities of glands or other organs. It is trae
the differentiation of these complex structures disappears as we descend
in the scale of life, yet it is also true that we have almost as constantly
developed in the lowest types, as well as in the highest, certain bodies
in the interior of cells, which, with a few unimportant exceptions, secm
to have some sort of a vital relation to the plasma in which they are im-
bedded ; we refer to nuclei. These bodies, if we muy place any reliance
upon what is manifested during embryonic development, seem to be very
intimately, and even physiologically, related to the phenomena of cleav-
age during development, and not improbably with nutrition and the
metabolic processes occurring in the interior of the cell. 1f something
of the sort is not their function, the apparently more fluid contents, and
even trabecular network sometimes found in their iuteriors, are without
significance. Leaving out of the question any radial, or, more exactly,
any heliozodidal* arrangement of the granular matteraround the nucleus
as argued by Rauber, it is at least evident that the process of impreg-
nation is almost always, if not invariably, accompanied by nuclear met-
amorphosis and the development of asters, or single and double heliozo-
didal figures, iinbedded in the protoplasm of the egg. These phenomena
seem to be more or less constant accompaniments of later growth, of
which impregnation seems to Le in reality only a particular phase,
bridging the vital continuity between sexual parents and their oflspring.
The phenomena of indirect cell-division or that accompanied by caryo-
kinesis or the development of cleavage spindles or a double heliozodidal
arrangement of the granules of the wedullary or inner cell substance,
which may extend even to the peripheral cell surface or wall, probably
have a similar siguificance and seem intimately bound up with the pri-
mary phenomena of growth or segmentation, of which they are a pretty
constant attendant in’ the early stages of most forms which bave been

*A word which hus suggested itsclf from tho resemblanee of somo nuclear figures to
a Heliozobn with its radiating psendopods.
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closely enough investigated. In fishes, these caryokinetic or nuclear
figures are found by me in the scgmenting Dblaktodermic cells at a late
stage, or after the Llastoderm has alrecady covered half of the yelk
sphere. Similar facts are recorded of the germinal area of the blasto-
derm of higher types by Rauber.

Hardly any one would attempt to dispute the ground taken Ly Rau-
ber that cell-division is the result of growth, addition, or further dif-
ferentiation of plasma, and not the reverse, clse we should very soon be
brought to the absurd position of assuming that cell-division might go
on indefinitely without the addition of new matter, which we know is
not the case. In the preceding section on nuclear displacement, which
is very commonly manifested, so commonly, indeed, that perhaps rel-
atively very few perfectly holoblastic or evenly segmenting ova are
kuown, we have an extensive piece of evidence in favor of the doctrine
that growth must precede segmentation. Just exactly how the passive
deutoplasma is broken down and raised to the grade of protoplasm we
do not know in detail in many cases, but we do know enough of the
process in others at least to infer what may be its general type or mode
in all. In general terms, it may be stated that the deutoplasm or yelk is
more or less closely invested or inclosed by the germinal protoplasm,
the function of which is clearly appropriative either by direct contact
or by the agency of fluid fermonts acting by means of what Foster would
call “vascular bonds,” or even through mere intercellular or segmenta-
tion cavities.

Lot us look and see if we have any evidence for this theory of growth
in the later phenomena of maturation of the fish ovain. Weknow that
in the later stages of egg-development the protoplasm is to a great
extent superficial or peripheral in position. In the process of germ-
formation at oune pole we in reality behold neither more nor less than
a growth, upbuilding, or aggregation of the protoplasm from the sur-
face of the vitellus, or even from its interior, to form a germ-cell which
will be segmented off at the time of the first true cleavage. That cleav-
age will, however, leave behind a modicuin of germinal protoplasm sur-
rounding or even insinuated into the yelk in strands, which will be the
efficient cause of the transformation of what remains of the deutoplasm
juto = form fitted to enter into the further development ot the embryo
as o plasmine-like substauce or as veritable nucleated protroplasmic
bodies. These later phenomena, after development has progressed to a
definite stage, are every whit as much to be considered phenomena of
growth as if the embryo were already feeding. The incorporation of &
food yelk seems to a certain extent almost like the process of digestion
in an ameeba, with only this difference, that the deutoplasm cannot prop-
erly be called dead matter, like the food of the ammba, but protoplasm
in an inert or quiescent state. The parallel does not stop here, however,
for we actually have fluid spaces formed in many embryos around or
partially around the yelk, orin closed cavities surrounded by cells, just
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as in protozoa and amaboid forms generally the food particles are taken
into spherical cavities and surrounded with a watery fluid to which fer-
ments are probably added during digestion from the surrounding
plasma, 80 as to dissolve and incorporate by diffusion and intussuscep-
tion that which was not into that which so becomes part of the amoeba.
The presence of clots of amorphous matterin the cavities of fish embryos
when sections are prepared has often struck me as cvidence of some-
thing of the sort described above. These may, bowever, be artificial
products, and the effect of the extractive and solvent action of chromic
acid and the precipitating action of alcohol.

Not less interesting than the phenomena just described are some of
the irregularities of cleavage. These irregularities were formerly not
much noticed, or if noticed, investigators were not in a position to
assign to them their true significance. It is probably true that most
embryos will be found to vary more or less notably, if the segmentation
of large numbers of ova be carefully studied and compared. We know,
for example, that two well-marked types of segmentation are found to
obtain in Ostrea virginica, as shown by Brooks. Those of other types
also are known to vary, often greatly, in the details of the rclations of
the segmentation furrows, especially at their points of meeting—thatis,
where new furrows run towards and join preceding ones. From the
investigations of Rauber, we may infer that in some forms this irregu-
larity is very marked—so much so, that outline diagrams of the cleav-
age furrows of, say, the morula stage of any two ova of the same species
would nowhere exactly coincide if superimposed. This irregularity is
found to obtain extensively in meroblastic ova, and is, perhaps, almost
constant in them, so that we discover that a tendency toward individual
variation exists in part at the very beginning of development, without,
howover, interfering with a well-marked or characteristic plan of devel-
opment in the case of each forin.

The irregularities in the cleavage of the germinal disk of fishes become
evident at a very early stage, but most conspicuously after the germ has
been divided into four cells, as shown m Figs. 33a, 33b, and 39. Slight
differences in size may also be noticed at the time-the germ is divided
into two segments, as in Fig. 44. In Fig. 33), giving an outline repre-
sentation of the germ of the shad’s egg, the whole has an oblong, sub-
quadrate form, as seen from above. The first transverse furrow 1%, a,
ii, is bent obtusely at the two points where the furrows of the second
cleavage i, 7, meet it. This is actaally an effect of the second segment-
ation, because we do not find a short scction a of the first cleavage fur-
row having a course different from that of the outer limbs ¢i i prior to
the second cleavage. At the time the first segmentation furrow is fully
formed in fish ova, generally, it divides the germ disk straight across,
as in Figs. 9,35, 37, and 44¢. The inequalities observable in the arrange-
ment of the furrows seem to be mainly due to the displacement of the
cleavage planes, or, perhaps, more properly, to a slight angular shifting
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of the nuclear plates devcloped during the second cleavage. Rauber
seems to lay stress upon a more or less extensive swinging round of the
axis of the cleavage spindles, after the second and especially the third
series of cleavages begin in the frog’s ovum, by which he very clearly
and beautifully accounts for the variations of segmentation in that
form. This e thinks may be due to what be calls scgmental attraction
between blastomere and blastomere. The contractions of the protoplasm
of the blastomeres during segmentation, by which certain, ones are dis-

" placed, repelled or attracted by others, is also considered. He likewise
thinks that the poles of nuclear spindles or new centers of adjacent
cells way bave an attraction for each othier. The cleavage planes or
the furrows between homelogous cells of similar ova may differ from one
another in direetion as much as 90°; ordinarily the variation is much
Iess, for a variation of 3° to 5° would be sufficient. to produce the most
striking variations.

TFor my own part T would e inclined to aseribe the dislocation of the
cleavage planes iu such germs as are shown in Figs. 33« and b mainly
to the contractions of the protoplasmic mass of the blastomeres during
segmentation. It is quite certain that at the beginning of cleavage tho
germs of fish ova are discoidal, and that during the development of the
first cleavage furrow the disk elongates remarkably in a direction at
right angles to the first furrow, as may be seen in Fig. 9. Not only does
this oecur, but the two new segments are also usually produced on the
upper surface into pretty acute obeonical points when viewed from the
side. This occurs when the cleavage furrow is developing, and im-
plies a heaping up of the protoplasm of the blastomere by its own pow-
ers of movement. Sometimes after the two blastomeres have assumed
the conical form spoken of they slowly subside, in consequence of which
they again assume a depressed form with the cleavage furrow very
much less distinet. All of these phenomena signify an active move-
ment of the substance of the blastomeres, in which the nuclear spindles
undoubtedly have an important office to perform. That contractions of
the outer substance of the blastomeres do oceur wo have evidence in
the development of the superficial wrinkles in the cleavage furrows
shown in Figs. 33a, 35, and 44,

The eftects of the dislocation of the cleavage furrows by the contract.
ility, or perhaps reciprocal attractions and repulsions of the blastomeres,
is further shown whon wo glance at Figs. 12 and 13. The heavy dotted
lines of Fig. 33D also show how the third scries of cleavage furrows
may be displaced so as not to meet each other exactly where they join
those of' the second ¢, <. This displacement of tho cleavage farrows
seems to be the rule rather than the ecxception in almost all forms of
development. This disjointing or dislocation of furrows, too, does not
seom to arise from mutual pressure during the early stages so much as
from actual contractions, as already pointed out, but the pressure of the
eells upon each ofher, which takes the place of the contractions after
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the latter have subsided, tends to compel them to maintain their irregu-
lar forms and thus afford the starting points for still further jrregulari-
ties of cleavage.

After a while also the series of successive segmeuntations are DO
longer synchronous—that is, after the third or fourth series of cleavage
furrows have developed, it will be found that if sections of germinal
disks arc examined there will be evidence of division in some cells and
not in others. Iusome cells caryokinetic or nuclear firgues are present;
in others they are wanting. Not only is this true, but where the disk
contains upwards of 1,000 cells the nuclear figures of different cells are
also found in various stages of metamorphosis, while s much larger
number are quicscent or resting. This tendency to heterochronous
division of the nuclei of the germ is another very striking illustration
of the law of acceleration and retardation of development.

The acceleration and retardation of the metamorphosis of the nucloi
again probably depends upon the nutritive processes and metabolism
occurring reciprocally between the component cells of the disk, and by
way of intercellular spaces as well as the segmentation cavity, It is cer-
tain that respiratory processes go on during segmentation, and it may not
be impossible for the segmentation cavity with its thin roof to be partially
respiratory in the ovum of osseous fishes. It is also quite certain that
Newport and Ransom were justified in regarding the water space around
the vitellus and germ or the cavity between the ovum proper and the
egg-membrane as respiratory in function. One of these authorities, 1
do not recall which, first named this cavity the dreathing chamber., It i8
developed, as already described, at the time of fertilization. Tliere can
also be little doubt that respiration goes on in young fishes, which are
without a circulation at thetime of hatehing. If, as we have seen, there is
evidence of the existence of respiratory processes in embryos long before
any spontaneous movemnent of the body is visible, it is fair to infer that
such a process can and probably does influence the rate of segmentation.

The final proof, however, that respiration occurs in fish embryos is
that it is positively necessary in the construction of hatching apparatus
to have it so arranged as to constantly change the water upon the eggs.
This is done simply to supply the developing embryos with fresh, oxy-
genated water. Still another proof that respiration must oceur in fish
embryos before a circulation is developed is the fact that young shad
move by contorting the tail some time before they leave the egg-mem-
brane. The muscular contractions of the lateral muscular plates s0
manifested must be accompanied by the evolution of carbonic acid,
which must be carried off and replaced by oxygen. This can mani-
festly not be accomplished more divectly than by way of the water in
the so-culled breathing chamber surrounding the embryo fish,

It will be noticed upon comparing the outline of the disk repre-
sented by Fig. 10 with TFig. 33, that the latter is more nearly circular
than the former. The latter bas passed farther into the resting stage,
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and ig therefore more depressed. This elevation and depression of the
Upper surface of blastomeres in the courseof segmeutation is often a
very marked feature, and gives rise to the most singular superficial irreg-
ularity of the whole disk up to the time of the completion of the morula
stage of development. These changes are doubtless due to internal
movements of tho substance of the blastomeres, dependent upon an in-
ternal radial contractile structure.

The radial and reticulated structure of protoplasm is to Rauber of
the most profound significance in relation to the phenomena of growth
and development. His conclusions are here, in part, reproduced :

«1. Radial and trabecular structures of protoplasm are not essen-
tially distinct but are manifestations of the same principle, in that the
latter is developed as a result of vacuolization, the former in the di-
recfion of readiest division (spaltbarkeit).

«9. "Phe radial and trabecular strueture of animal as well as vege-
table protoplasm is a factor with which every investigation into the
history of the growth of an animal or a vegetable body has to do; such
structure is vitally related to the beginning of development.

«3. Tho radial and trabecular arrangement of protoplasm grows
both by the addition of new material from without, at its peripheral
ends, as well as by the incorporation of such material within the pre-
existing substance, or both by apposition and intussusception. The
Drotoplasmic streaming necessary for this purpose is facilitated by the
interradial passages and the corresponding series of spaces in vacuolate
protoplasm.”

Of the nucleus he says:

“The finer phenomena of caryokinesis display to us, in a manner
such as does scarcely any other process, working nature at her loom.
Groups of granules are the raw material which she next arranges in
rows of threads. In astonislunent we observe the most manifold loop-
ing and splitting of the granular threads and the completion of the
most delicate chromatin structures.” * * * & The structure of the
nucleus is variable only during the periods of division. In the condi-
tion of rest its structure * * * is monotonous.

«The function of the nucleus can only be such an one as is entirely
independent of the differentiation of protoplasm [in differeut species of
living forms), such-an one, indeed, as is needed by the most diverse pro-
toplasmic structures. This function can only be trophic. * * *

«Whether this trophic or directive function relates to the metabolic
Processes, to the formation of centers, or to the regulation of diffusion-
streams of protoplasm, must remain undecided, as much as the proba-
bilities are in favor of the latter.

“«The essential nature of the structure of the nucleus is difficult to
make out; the fundamental form seems to be a radial oue, and in sueh
cases may usually be referred to a radial structure, which is not directly
manifest externally.

S. Mis, 46——306
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“The nucleus is neither inevitably present in the cell nor yet in pro-
toplasm. Plasmodium on the one hand, and enuclear protoplasin on
the other, prove this. A

“I'he surface growth in extent of cellular membranes is conditioned
as a rule by two cleavage planes of the cells, perpendicular or at right
angles to each other. Attending growth in thickness, as in the epider-
mis, for example, there is, besides the above, a cleavage plane of the
cells parallel to the snrface.”

The laws of growth and cleavage, which are touched upon in the fore-
going extracts, are to some extent a realization of what must have
coursed through the mind of almost every student who has busied
himself with embryological investigations, or who has watched the
recent advances of histology without himself taking an active part in
the work. For my own part I believe that we have arrived at a new
era in embryological and physiological research. We shall hereafter
not only be obliged to figure and study the changes of external form
which transpire during development, and the contours of the cells which
are concerned in bringing this about in an embryo, but also the phe-
nomena mapifested and the chaunges suffered by the whole contents of
the individual cells in the process of embryonic evolution. Here is
where anatomy and physiology converge; and upon a comparative em-
bryology as exhaustive in its methnds and results as that here contem-
plated, will it alone be possible to found a comparative physiology
equally exhaustive, but infinitely more valuable in its practical appli-
cation to the needs of every-day life than the physiology of the present.
The masterly monographs of Strasburger, lemming, Fol, the Hertwigs,
Whitman, Leidy, and Mark, besides many others, have brought us face
to face with a series of facts and phenomena, the significance of which
has hardly yet been fully appreciated.

27,—~THE GASTRULA AND CELOMA OF TELEOSTS.

The epibolic growth of the blastoderm over the yelk of the osseous
fish ovum, as in other meroblastic ova, has given rise to not a little
discussion amongst embryologists as to the true nature of its gastrula
stage. As Whitman* has pointed out, there is a fandamental similarity
in the mode of formation of the neurula in embryos of Clepsine, the frog,
sturgeon, salmon, chick, and saw-fish. The concrescence of the rim of
the blastoderm to form the neurula seems in reality to be the key t0
the interpretation of the development of the gastrula of the embryos of
bony fishes and some other meroblastic types, as well as the develop-
ment of the cozloma and lateral musculature of the body.

In order to make it easier to understand the gastrula of Tcleostei, &
series of diagrammatic and semidiagrammatic figures are introduced
here.

*LBwbryology of Clepsine, pp. 86-95.
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Tig. B, in longitudinal vertical section, represents, for instance, the
relations of the neurula » and the mesenteron ¢, showing them to be con-
tinuous by way of the solid caudal mass em, in such forms as Alosa and

Gadus. The dotted line ne can be regarded as indicating an open neural
canal only at the middle and anterior end of the body of the embryo;
nevertheless, the hinder end of the neurula, with the further growth of
the tail, actually acquires a lumen, as in Fig. K, but by this time the tail,
haying grown out some distance, the continuity between the hind gut
¢ and caudal mass has been torn asunder, and all that is left to mark
their original continuity is a strand of cells s¢, shown in Figs. I and K.
This strand of cells was, however, only in part continuous with the gut,
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as a portion, perhaps the most of it, is concerned in the development of
the subnotochordal vascular tract of the tail. In Fig. I, which is &
section through the caudal knob ¢m of an embryo of the same age a8
that shown partly in K, the muscie plates mp on either side of the noto-
chord are found to be continuous with the caudal mass and to embrace
between them the swollen, undifferentiated, caudal end of the chorda chs
which is somewhat quadrate in section at this time. The hind gut when
finally formed as the end of the tail grows away from it, is perceptibly
swollen and ends blindly. Dorsally, between the musclé plates, the
caudal end of the neurula n is guite distinct in sections a little forward
of the tip of the outgrowing tail, as shown in Fig. I. Itissolid, however,
like in the cross-section from the body of a somewhat younger embryo
shown in Fig. H. The caudal end of the neurnla cannot, however, bé
" traced over the end of the tail at this stage, but ends in the same api-
cal mass of undifferentiated cells as the muscle plates, chorda and post-
anal strand of cells. The only differentiation of layers at the tip of the
caudal knob, in fact, is the skin or epiblastic stratum which covers it-
In order to understand in part the means by which this arrangement
of parts is established, we will be obliged to look closely into the man-
ner in which the blastoderm grows over and incloses the yelk. The
large size of the latter necessitates such a spreading of the blastoderm,
because up to the time that the tail buds out, the yelk diminishes but
slightly in volume and does not exhibit any signs of segmentation like
the deutoplasmic pole of the frog’s ovum. In Fig. D a blastoderm i8
gshown in outline at two consecutive stages of growth, in order to illus-
trate the fact that as the rim » is pushed ont to the position »* the em-
bryonic shield es is lengthened towards bl by what would appear to be
a concrescence of the rim » in a line with the primitive groove. Thi8
progressive fusion of the blastodermic rim along the neural axis lengthens
the embryo posteriorly. While this appears to be the fact, it is not t0
be forgotten that, inasmuch as the embryonic cells have certain powers
of movement or translation conferred upon them in virtue of a power
of more rapid growth in one direction than another, which is again de-
pendent upon the operation of certain hereditary and fixed laws of
cleavage, all of which is to be considered, no less than the histological
forces which make the concrescence spoken of possible. It is at first
bard to understand in what manner the whole of the rim of the blasto-
derm is incorporated into the body of the embryo fish, but of this We
have such overwhelming proof in observed fact that it will be unneces-
sary to appeal to other evidence. His and Rauber, who were the first
to clearly describe this process of concrescence or precession of the rim
of the blastoderm, have been criticised by Balfour (Comp. Embryol. 11,
p. 254). From what the latter remarks it is evident that he never wil--
nessed the closure of the blastodermic rim at the vegetative or caudal
pole of theliving Teleostean ovam, in some of the rapidly developing
forms of which it may actually be seen in the process of transformation
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into the caudal plate ¢p, Fig. B, which is wholly converted into the cau-
dal mass om of Fig. E. To urge the history of the closure of the blas-
toderm in Elasmobranchs as evidence against the process as it occurs
in Teleoste: is unfair, because a considerable part of the blastodermic
rim in the embryos of cartilaginous fishes has evidently nothing to do
with the development of the body of the embryo, but closes after the
latter has been elevated above the yelk upon a stalk.

An actual crater-like depression yb, Fig. B, with a fine canal ending
upon the yelk,is seen at the time of closure of the blastoderm in
Teleostei. Viewed from above, as in the dotted outline in B, yb is seen
to have radiating wrinkles extcuding out over the concreseing rim .
This yelk blastopore so formed is not homologous with the similar pore
or cleft in the frog’s ovum, because it cannot be shown to have anything
more than an indireet connection with the intestine in the embryo
fish, This is illustrated ig Fig. C, showing an embryo of Tylosurus
in outline, unrolled from the yelk, with the oval blastodermic rim #»
attached. The latter is concrescing; its contents are flowing together,
as it were, where its two limbs join the hind end of the body at bl. The
opening yb is the yelk blastopore, and is distinet from the place where
the actual concrescence is occurring viz, at bl. In fact, while there is
Do actual opening into the neural or neurcnteric canal at bl, neither ex-
isting at this stage of development, only the extreme anterior part of’
the yelk blastopore coincides ultimately with that of the blastopore
of the frog, but only momentarily, in that the lumen of both intestine
and neurula, contrary to what obtains with the frog’s embryo, are want-
ing at this stage. The sides of the primitive groove coalesce so quickly
in Teleostei—if, indeed, it can be said that there is such a groove in those
forms as we know it in the frog—that evidence of its presence oven is
evanescent, or it is at most very feebly developed. In the frog the
margins of the groove are free, and the neural furrow in the medullary
plate is most conspicuous even at the time the blastopore closes, but the
latter marks approximately the position of the permanent anus. In
Teleostei there is no such relation between the yelk blastopore and tho
vent, which arisesin them ou the ventral side of the caudal end of the
embryo, as shown in Fig. K. An exact comparison of the parts of the
frog’s ovum with those of the osseous fish is not possible, as Ziegler has
endeavored to show ; lLis failure to make out the true state of the case
‘was his want of the appreciation of the true nature of the yelk. Infact,
the continuity of the epiblast with the mesenteron, as in the embryo
frog, is broken in the embryo fish by the time the yelk blastopore has
closed and the caudal plate has formed.

The frog’s ovum undergoes total but unequal segmentation; the fish
ovum, ou the other hand, undergoes equal segmentation of its germ;
partial segmentation, as regards its whbole mass, while the final seg-
mentation— gemmation —of the yelk substance as leucocytes into the
- gegmentation cavity or blood vessels is carried on after the embryo is far
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developed and the heart and vitelline vessels have been formed. Thero
is also present around the yelk of fish embryos an homogeneous ¢
velope, yh, Fig. E, containing free nuclei, which is not present in the frog’s
ovum, nor has it any exact homologue in the latter, because it incloses
a large mass of deutoplasmic matter often optically and physiologically
different in character from the protoplasm of the germ or the envelopo
itself.

Van Bambeke and E. Van Beneden, who first described some of the
most important phenomena presented by what Thave called the yelk-
hypoblast, named it the intermediary layer. In consequence of the
presence of a large amouut of deutoplasm in the yelk of the fish ovaip,
yellc-segmentation has been retarded, in fact has been wholly inter-
rapted, so that nuclear multiplicaticn alone, unattended by actual 5¢8°
mentation, occurs in the yelk envelope yh, shown in Figs. B and G-
The distribution in it of the free nuclei f» is shown in Fig. E. _

In the frog the liver develops as a vent?fal diverticulum of the fore
part of the mesenteron, which grows into and at once appropriates a part
of the segmented yelk; the latter in fact becomes fused with and forms
the exceedingly thick ventral wall of the mesenteron. In the embry©
fish this fusion of the yelk mass with the mesenteron or primitive gut
néver takes place; the liver arises as an independent diverticulum or
thickening of the ventral wall of the mesenteron. There is no evidenc®
of continuity between the intestine and yelk of the osseous fish at any
stage of development. The appropriation of the yelk by the budding of

leucocytes from the yelk hypoblast is effected in some types by direct

gemmation into the segmentation cavity, from which the white blood-
cells are sucked up by the heart (Alosa, Pomolobus), or where the peri-
cardiac soptum between the beart chumber and body cavity is so av
celerated in development as to extend over the yelk as a veil in whiclt
the vitelline vessels are developed (Salmo) and which are concerued in
breaking down the yelk. In the first case the body and segmentation
cavities remaiu connected ; in the latter they are soon separated by the
development of the vascular veil which grows over and around the vi-
tellus. In all forms of osseous fishes at an early stage the two seem t0

be continuous. This is shown in the cross-section of the body of a youns

fish, younger than E, in Tig. H, where the epiblast ep and sep and the
hypoblast ky include the muscle and splanchnopleural plate which ends
bluntly at mp, and to the right of which the segirentation cavity oxtends,
so that in the event of the splitting of mp to form the splanchnopleur®
and muscle plate proper there would be a continuity established be-
tween the two; none of the lower layers in fact extend far out on either
gide of the body between the epiblast and yelk hypoblast. That this
view is the true one is proven by the mode in which Amphiozus develops
its muscle plates as outgrowths into the blastocel or segmentationt
cavity of the blastula after the invagination and development of tho gas-
trula, as secn in the cross-section J of an embryo of Amphiozus, modified

-~
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from Kowalewsky. In fact there is abundaut evidence of the truth of
the cceloma theory, proposed by the Hertwigs, presented in"the mode
of development of the muscle plates of Teleoste, as lateral outgrowths
of the lower layer before the differentiation of the mesoblast from the
hypoblast by delamination, as indicated in Fig. H. Ziegler has in fact
reached the conclusion that the chorda is of hypoblastic origin, so that
embryologists are almost unanimous in regard to the origin of the primi-
itive axis of the body of the chordata. Such an origin is indicated in
the cod by the position of the caudal end of the chorda below the level
of the upper half of the thickness of the caudal end of the body of the
embryo shown in Fig. 31.

_ The evidence favoring the marginal ingrowth of the lower layer is to
me not as strong as that in favor of delamination. My reasons for this
opinion may be stated somewhat more clearly by referring to Figs. 14
and G. In the first, and in both optical and actual sections of a similar
stage in other forms, the lenticular germ is shown to be composed of a
mass of equal sized cells; in fact a morula condition is developed and no
differentiation of layers is perceptible except the single outermost and
epithelial stratum of the epiblast. In flattening and spreading there
is not enough lateral movement to account for the formation of the wide
rim in Figs.15and 16, by an infolding of the edge of the disk asit spreads
80 as to bend the separate lower layer inwards all round the margin. In
fact, the segmentation cavity is at first smaller and deeper in propor-
tion to its width than shown in Fig. 15, and the marginal infolding, as it
might appear, does not continue with the spreading of the disk, but
afterwards takes place only at one point, viz, where the rim is contin-
ued into the sides of the embryo. The weight of the evidence is there-
fore in favor of delamination as the means by which the primary dip,
loblastic condition of the germ is developed and not by gastrulation.
The first diploblastic phase of the germ of the fish egg is therefore appar-
ontly a planula, and neither its upper nor its lower layers are but one
cell deep, but consist in both cases of three or more rows of cells, which
can scarcely be said to be arranged in regular layers except those
which limit the upper and lower surfaces of two the primary ones.

In Fig. G the upper or epiblastic stratum in vertical section is left
white, while the lower combining the mesoblast and hypoblast is shown
black in section with its superficial extent in the blastoderm indicated
by the hatched lines. The embryonic axis of this blastoderm is cut
through fromato bl. At first one would supposethatthere was clear evi-
denco of invagination from behind forwards from the point b? in the
earlier stages, but, as it has already been remarlked, this does probably
not begin much before the stage represented in figure G has been at-
tained, and then by the peculiar mode of concrescence previously de-
scribed.

With the growth of the blastoderm over the yelk the lower layer
of the rim » does not increase in width, as required by the invagination
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theory, but tends rather to become narrower vertically as it advances
over the yelk globe toward the level of the line 2, Fig. G, while it i8
gradually constricted in diameter as it grows past the level of lines
3 and 4, beyond which it closes at . In ova with a very large yelk,
like those of the salmon and silver-gar, the blastoderm does not close at &
point opposite to that where the germ was developed. This has given rise
to some dispute amongst embryologists, a disagreement which may be
explained by the diagrams A and G. If we suppose A to represent &
very large yelked osseous fish ovum, with a as its germinal pole, the
body of the embryo will grow, say, to the point A, the blastopore closing
at I. The rim will then cease to advance at the tail of the embryo or
at the point # in Fig. G, when, as shown in the latter, the portion of the
rim on the opposite side of the egg will have to advance faster from
the point Ir onward towards 111, 1v and v, closing at « instead of &'
When the egg is a medium sized one, like that of Alos« in Fig. B, the
embryo stops growing in length only when the tail reaches the oppo-
site pole, as shown in Fig. A; if the egg is still smaller, the embryonic
axis may continue to grow beyond the opposite pole, 8o that the blas-
toderm does not close till it Teaches the point marked 111 beyond which
the tail buds out at 0. This third form also requires another mode of
closure of the blastoderm, differing from the two precediug types.

In a large ovum, according to Fig. A, the embryo ceases to grow in
length when it has extended itself over an arc of the yelk globe of, say,
125°; in Alosa, or the second form, it extends its growth through an
arc of 180°; in the third and smaller type of ovumn (Carassius), it may
grow to a greater length and embrace an are of 230° on tho surface of
the yelk sphere. In the first type the rim of the blastoderm is some-
times drawn out into an oval prior to closing, as shown in Fig. C taken
from Tylosurus. These different modes of growth in length of the bod-
ies of the embryos of different species of fishes are mutters of observa-
tion with me and go far toward reconciling the differences of opinion
which have been expressed by different observers as to the growth of
the blastoderm over the yelk. It is evident, at any rate, that what may
be observed on this point in one type may not apply to another.

The segmentation cavity sc, Fig. G, extends laterally, with the advance
of the rim of the blastoderm, towards the opposite pole of the ogg, and
does not disappear, as held by Haeckel and Balfour. In Fig. B it ex-
tends between the yell hypoblast and its epiblastic outer coverings
from a clear to the tail ¢m, and from one side of the body down, over,
and around the yelk to the other side. 1t may be seen developed to &
remarkable extent in some forms, as in Cybium, Coregonus, and Alosa.
Figs. 47 and 48 show it in two stages, under the blastoderm of the cod.

In Coregonus, the oil-drops, by their buoyancy, bulge the yelk hypo-
blast upwards into the cavity, so that immediately over each consid-
erable droplet there is a perceptible rounded elevation of its floor.

The various cavities which different observers claim to have seen dur-
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ing the early stages of development I believe, in some cases, at any
rate, to have been purcly the products of reagents. The separation of
the cells during cleavage is a very probable occurreuce, and originates
by the cells pushing and displacing cach other somewhat during this
process, as suggested by Whitman. The evidence which 1 have been
able to gather, both from the living eggs and sections, leads me to the
conclusion that the Keimhihle of Stricker and (Ellacher is the true blas-
toecel of the Teleostean ovum, as Ziegler has more recently urged. The
yelk hypoblast is its floor, and the at first two-layered epiblast its roof.
Its development is constantly the same in all of the forms studied by
me, and I have not yet found any evidence of the existence of species
without the epiblastic or outer covering of the yelk-sack, as asserted by
Von Baer. :
I see no valid reason for not regarding the "yelk as an active part of
the ovum, through the intermediation of the yelk hypoblast, and it
seems evident that the segmentation cavity is simply a space filled
with fluid which facilitates the gliding of the blastoderm over the yelk
during growth, and that it is placed between the blastoderm and the
yelk, with its free nuclei peripherally displaced to a remarkable degree.
In other words, I would regard the yelk as an integral part of the egg,
taking a share in segmentation only at a very late period. In conse-
quence of the almost entirely passive condition of the yelk during the
earlier stages, the blastoderm is obliged to spread to an extreme degree,
and in parts becomes remarkably attenuated. On this account I would
still hold to the view first expressed in my paper on the development
of Tylosurus, that the germ-disk alone is practically the homologue of
the whole Batrachian or Marsipobranch ovam, since we actually do not
find any intimate connection of the yelk with the embryo, except by
way of the vascular system, which develops late in most forms. In
Alosa the yelk might be removed at any stage without taking away any
essential pa'.rt of the embryo except the floor of the segmentation cavity.
The mode of development of the gastrula and ceeloma, is, we find, greatly
modified by the presence of the yelk, but it is not an active factor iu
the development of either by means of any process of segmentation.
The free nuclei of the yelk hypoblast apparently proliferate as the
blastoderm spreads. They are, at any rate, at first confined to the
germinal pole of the ovum, and are only found at the opposite pole
after the yelk-globe has been included by the blastoderm. Tle infer-
ence, therefore, is that they spread and multiply with the lateral growth
of the blastoderm. It is these nuclei possibly which are the centers
of certain free cells around the nargin of the germinal disk when the
latter has attained the morula stage, 4s in Cybium and Tylosurus, as
ghown in Fig. 3, Pl XIX, of my essay on the latter form. If suchis
the case, it is possible that the germinal wall (Keimcall) at the edge of
the blastoderm of the chick is homologous with the yelk hypoblast of
the fish ovumn. In fact, it is highly probable that there is a yelk hypo-
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blast inclosing the true vitelline matter of the eggs of birds, reptiles,
and Elasmobranchs which is altogether homologous with the same
layer in the Teleostean ovum. 1t is also likely that it has a similar
origin in all of these truly meroblastic forms, in all of which an extreme
permanent displacement of the germinative vesicle also occurs.

'In Fig. E, at hy, the hypophysis or pituitary body is shown as a dor-
sal diverticulum from the fore part of the mesenteron. The latter is
much depressed from above and expanded Jaterally at this stage. -The
origin of the hypophysis from the fore part of the mesenteron in Tele-
ostei seems to be pretty well established. '

I see no difficulty in referring the development of the muscle plates of
Teleostei to a process essentially similar to that seen in Amphiozus, viz,
as outgrowths from the primitive hypoblast. A comparison of Figs. H
and J may make this clearer.

28,—THE DEVELOPMENT OF THE EGGS OF THE CODFISH.

When the ova of the cod have been in the hatching apparatus for
some time, various organisms will be found to have attached them-
selves externally to the vitelline membrane covering the eggs. Monads,
infusoria, and alge avail themselves of the surface of the egg membrane
as a nidus upon which to fix themselves, as shown in Fig. 34, where the
niost conspicuous of these protégés is a bell-animaleule of the genus
Vorticella. The monads belong for the most part to the subdivision
originally characterized by the late Prof. H. J. Clark, and known as the
collared flagellates. There were a few free forms observed which were
not identified, however. When these organisms become attached iu
considerable numbers to the eggs dirt tends to accumulate on their
surfaces, giving the eggs a soiled, bad appearance. The most important
of these adhering organisms is a one-celled algous plant or protophyte,
club-shaped, with its narrow end fixed to the egg; these are most nu-
merous, and they contain brownish protoplasm (pbycoxanthine) corpus-
cles which are adherent to the cell wall. Eggs kept in the liveliest
motion were soonest covered with these unbidden guests. Apparatus in
which there was least active movement of the water did not pollute the
surface of the ova as qujekly. It may be laid down as a rule that the
more violent the motion of the eggs the sooner were they loaded with
foreign organic growths, which no doubt has a tendency to interfere
with the respiration of the embyro through the egg membrane, as well
as to weight the egg 8o as to make it sink and smother. It is very
probable that the accumulation of sediment and organisms upon tho
eggs may have had a great deal to do with the excessive mortality of
the cod ova in the experiments at Wood’s Holl, It caused least trouble
in the apparatus used by Colonel MacDonald, operated by the gentle
alternate rise and fall of the water by means of siphons acting intoer-
mittently.

On the twenti¢th day, with the water at 38° Fahr., the young fish
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frees itself from the bondage of the vitelline membrane, but it has been
kuown to hatch in thirteen days with the water at 46° Falr., according
to the observations of Mr. R. . Earll. The time of hatching depends
very much on the temperature of the sea water, according to the inves-
tigator just referred to, where Le records the fact that it required as
many as fifty days for the eggs to hatch with the water at 31° Falr.,

- or & little above the freezing point of salt water. Sars says the ova
which he had caused to hatch came out in sixteen days. From what
we know of the times of hatching of various species, it appears to be
tho rule that the greatest variation in the time of hatching is found to
oceur in cases where the spawning takes place with the water at a low
temperature; the least variation, on the otber hand, appears to occur
with those species which spawn when the temperature of the water i8
comparatively high. An increase of temperature seems to dispropor-
tionately accelerate and abbreviate the rate and time of devclopment,
while o decrease appears to disproportionately retard and prolong the
rate and time. .

When the young codfish first leaves the egg membrane its tail remains
crooked for some time, but soon straightens out, as noted by Sars and
Tarll. The embryo appears to rupture the egg membrane by spasmodic
movements of the tail, which already exerts considerable force as it
strikes the membrane, which tends to break open where the head lies,
which is most frequently the extremity which first becomes free. This
is the fact, too, with the mackerel and moonfish, butin all of these cases
the tail is sometimes the first to become freo. The buoyancy of the yelk

" will for some time tend to keep the young fish turned upon its back,
but as soon as the tail has become straight they begin to right them-
selves.

Professor Sars has not recognized the presence of the germinal layer
described by me, and his theory of impregnation is highly improbable,
in the face of recent facts. Another point remains to be noticed, where
ho says, “One can discover, with the aid of a strong microscope, nu
merous oil bladders of different sizes, and scattered irrcgularly over
the whole surface of the yelk.” He alludes here to what I have denom-
inated vesicles, since they are not stained by h@matoxylon or carmine.
As remarked in the introduction, they disappear entirely. Itis certain
that they coalesce, as he also observes. Are they protoplasmic cor-
puscles? If they are, they shonld stain ; and if fragments ot tho ger-
minative vesicle, they should be still more liabloe to be tinged by carmine;
but iy do not. Their disappearance and superficial position is posi-
tive proof that they are not oil spheres. 1 hold tomy original interpre-
tation, viz, that they have watery contents. To the Norwegian nat-
uralist, however, belongs the credit of having called attention to the
fact that certain fish ova float and develop ab the surface of the water.

All of the species of floating ova yet investigated by the United States
Trish Commission exhibit great mortality in the bhatching apparatus, no
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matter what may be the form of thelatter. Buoyanteggs seem, in fact,
to be much more sensitive to slightly unfavorable conditions than heavy
or adhesive ova with thicker membranes. The floating eggs will not
stand stagnant sea water for any great length of time, even at a temper-
ature of 38°Fahr. Buoyant ova die in the latter eventually, just a8
certainly as heavy eggs in standing fresh wdter at 750, A few ova to
a large amount of water abstract the oxygen much less quickly than
where the proportion of eggs is in excess of the water. The buoyancy
of the cod’s egg is undoubtedly due to the diminished specific gravity of
the protoplasmic matter of the vitellus,and not to the presence of any oils.
In this respect it represents a unique type of the buoyant ovum.
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EXPLANATION OF THE REFERENCE LETTERS USED IN THE PLATES.

A indicates the position of the embryo’s head.
a. auricle,
ab. air bladder.
al. allantois, median vesicle into which the segmental ducts open.
ar. dorsal aorta.
as. asterisk.
au. auditory canal.
B. indicating the position of the tail of the ombryo.
ba. bulbus arteriosus.
bf. pectoral or breast fins,
bl. blastopore.
c. caudal vein,
co. pericardiac cavity.
ce. cerebellum.
ch. notochord or chorda dorsalis.
chs. chorda slheath.
o, pl. cell plate.
cy. first cerebral vesicle or neural sinus.
d. yelk or deutoplasm.
e. mesenteron or primitive gut.
ep. epiblast, cuticular layer mostly.
J. primitive lateral fin-folds.
Jb. cerebrum or fore-brain.
JSe. choroidal fissure. .
h. heart. )
hy. hypoblast; hypophysis in Fig. E.
inf. infundibulum,
¢. gills, and inferior cranial arches.
gd. germinal disk,
i. intestine. .
" fo. intestinal constriction, pylorus, (1)
Kv., Kupffer’s vesicle. .
l. lens.
liv. or v, liver.
m. mouth,
mo. medulla oblongata.
me. medullary canal.
ms. medulla apinal ; spinal cord.
mes. candal mesoblast.
mi and mil, micropyle.
mk. Meckel's cartilage.
mp. muscle-plate.
n. nucleus; neurula in Figs. E, F, H, I, J, K,
na. nasal pit.
n0. neurenteric canal or strand of cells,
nf. nerve filament.
®. msopbagus,
op. optic vesicles.
p. point where the dorsal aorta joins the caudal vein.
p. polar protoplasmic prominence.
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po.
po.
.
pr.
pra.
pnp.

pis

pst.
of.
r.
8v,

8. €p.
sh.
8g.
sC.
st.

8,

ve.

ot.

v8.

Y.
yb.
yo.

-1
T

post-cardiac membrane.

musole plates; protovertebrsm.

pineal gland.

protoplasm ; protoleucite; germniinal pellicle.

nodose protoplaswic processes from the edge of the germinul disk.
pronephros.

pigment cells.

medullary plate.

pectoral fold.

rim of blastoderm.

sinus venosus.

sensory layer of epiblast.

sensory hillocks or papiils of lateral lino.

segmentation cavity.

segmenting corpuscles?

subnotochordal strand of mesoblastic cells ; in part.the postanal gat.
sagitta.

. tongue.
. vent.

veutricle.
vitelline membrane; egg capsule.
vesicles imbedded in the germinal pellicle.

. posterior wall of pericardiac cavity.

rudiment of air bladder and dorsal Jobe ot the liver.
yelk blastopore.
yelk canal.



