XX.—ON THE DEVELOPMENT OF OSSEQUS FISHES, INCLUDIRG
MARINE AND FRESHWATER FORMS,

By JoN A. RYDER.

1.—GapUus MmOrRRRUA L. (The Cod.)

The main features of the development of {his species have been de-
Scribed and illustrated in a previous memoir’ by the author, so that it
will not be necessary to do more than to add observations made since
the publication of that paper, and otherwise cnmplete the record of the
Cirly life-history of this important food-fish.

The views of Hoffinann? as to the meaning and sequence of the phe-
Lomena attending the fertilization of fish ova have been disputed since
the ahove.cited essay was written, and apparently upon the basis of
Well-determined data. The most recent contribution to this subject is
by Agassiz and Whitman,® who state, page 19, in reference to the de-
Volopwent of Ctenolabrus, that “immediately after the penetration of
the Spermatozodn a Qisk-like thickening of the cortical layer appears .
4t the lower pole of the egg; and at the center of this disk may be
Seefl, in mounted preparations, the minute male pronucleus. It is a
“Urioug fact, of which the proof will be given in our second memoir,
f_ﬁ% the male pronucleus becomes the center of attraction around which
éf: discoidal aggregation of protoplasm takes place, and towards which,

€r the formation of the second polar globule, the female pronucleus
Eravitates.»
oriIl} another paper* Agassiz and Whitman have also discussed ?he
th'gtm of the periblast, as it is called by them, reaching the conclusion
ar? 'the “autoplasts” { Lankester), the free nuclei of authors, do not

. Se Spontancously in the layer of protoplasm underlying the germinal

U8k, nor from a single nucleus developed at the time of the first cleav-

del;:lgo"tribution to the embryography of osseous fishes, with special referenc? to the

of Fishpment 9f the ced { Gadus morrkua). Report of the United States Commissioner
1q K“nd Fisheries, part x, for 1882, pp. 455-605, pls. xii. Washington, 1834.

d&m; lée:fl{(’ﬁ'ma-nn. Zur Ontogenie der Knochenfische, chapters i~viii, 4to. Amster-

3
lag‘?c' :;gnssiz and C. O. Whitman. The development of osseous fishes. 1. The pe-
Zooy . 8030f young fishes. Studios from the Newport laboratory. Mem. Mus, Comp.
«t XV, No. 1, part 1, 4to, pp. 56,19 plates. Cambridge, 1835.
Artg :;};esdfwel()pment of some pelagio fish eggs, preliminary notice. Proc. Am. Acad.
Ciences, xx, 8vo, pp. 23-76,1 pl. 1884,
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age, as held by Hoffmann (op. cit.), but are segmented off from the
marginal cells of the segmenting blastodisk as suggested by the writer
in his first paper on the cod.

With the further growth in diameter of the blastodisk the marginal
cells,mhich are without well-defined outlines, are finally covered over by
the spreading blastodisk. In this way the nuclei of the periblast (8
layer which is in reality a syncytium) are finally brought into such 2
position that they seem to underlie the blastodisk. The nuclei in the
periblast are, however, always most abundant near the edge of the blas-
todisk at an early stage of development. During the later stages the
nuclei of the periblast are most numerous just beneath the embryonic
axis, especially under the head. .

The marginal segmentation, which gives rise to the so-called *free nu-
clei” of the periblast, first clearly described by Agassiz and Whitman,
leads to the formation of a wreath of flat cells which form a more or
less well-marked zone around the blastoderm upon the completion of
the segmentation of the blastodisk. This marginal wreath of cells, ¢ nu-
clear zone” of Kupffer, has been figured by the latter,® E. Van Bené
den,’ the writer,” Brook,® Cunningham,® and by Agassiz and Whitman.
The essential agreement of o many observers working upon very dif-
ferent species shows that this nuclear zone must be very generally de
veloped in the eggs of Teleosts, and even amongst the Salmonide®,
where it is not so easily observed in the living egg, but which is show?!
in the sections figured by E. Ziegler.?

The development of this ‘“nueclear zone” in the eggs of the cod ¢s
caped my observation when I studied the development of that species
in 1881, but 1 have during the past year (1885) observed it, and haves
moreover, satisfied myseclf that it arises as observed in Ctenolabrus, Y
Agassiz and Whitman, and that it is subsequently covered over by the
spreading blastoderm, while the nuclei of the periblast, also subdivide
by the indirect method, and proliferate inwards beneath the blastodisk-
Cunningham’s observations are in accord with these. _

The synonymy of the term periblast may profitably be considered
here. It obviously corresponds to the ¢ white yelk?” of the bird’s eggi

& Kupfler. Beobacht. ii. der Entw. der Knochenfische. Arch. f. mikr. Anat., 1V, pl
xvi, fig. 1. 1868. ’

SE. Van Beneden. A contribution to the embryonic development of the Teleosteans:
Quar. Jour. Mic. Sci., xviii, 1 pl. 1878, .

7J. A. Ryder. Development of the Spanish mackerel. Bull. U. 8. Fish Com.,
1851, pp. 135-172, pl. i, fig. 4.

76J. A. Ryder. Development of the silver gar. Bull. U. §. Fish Com., i, 1881, PP
283-301, pl. xix, fig. 3. .

s Brook. Preliminary account of the development of the Lessor Weever-figh, Trachi®
nue vipera. Journ. Linn. Soc. Zool., xviii, 1884, pp. 274-291, pl. iii, figs. 8, 9-9a.

¢J. T. Cunningham. On the relations of the yelk to the gastrula in Toleosteans
and in other vertebrate types. Quar. Jour. Mic. Seci., 1885, pp. 38, pls. iv.

1°Die embryonale Kntwickelung von Salmo salar. Inaug. Diss., Freiburg i, B
1882, Taf. i, figs. 6-10. :
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“ Subgerminale Platte” of Kupfter; Dotterhaut and membrana vitellina of
®lacher; couche intermédiaire of Van Bambeke; intermediary layer of
authors; parablast of His, Waldeyer, Hoffmann, Gasser, Kupfter; ‘yelk-
hypodlast of the writer ; couche hematogéne of Vogt; and the plasmedium

of Rauber.
The annular thickening of the periblast, just under the edge of the

blastodisk, is clearly homologous with the Keimwall of His or the Keim-
w"fl8t of Kolliker, as seen in the ova of Sauropsida. The function of
this periblast is also clearly established throughout the various series
of Vertebrates which develop meroblastic ova; its cells, in fact, in-
Corporate yelk particles, by a process which is essentially one approx-
"_nating that of intracellular digestion. Finally, the periblast may give
Tise directly to free cells, which pass into the vascular chanuvels of the
¢mbryo as blood-corpuscles.

This disposition to absorb the underlying quiescent plasma is also
s.hOWn by the lower cells of the true hypoblast which immediately over-
"~‘§ the periblast. Such hypoblastic cells which are larger than their
eiglfbors bave been called megasphzra by His, and have also been
figureq by Kolliker in the Avian blastodisk, while they have been en-
“Ountered by the writer in the blastodisks of Teleosts.

Iﬁ the eggs of the cod, as in most pelagic fish ova, the periblast is
;]“lllte thil_x after the closure of the blastopore, but as the yelk diminishes’
y Quantity with the progress of development this laver becomes de-
"dedly thicker. The eutire yelk is, in fact, first converted into the
lfasmodial substance of the periblast before it is absorbed by other
Party of the embryo. It therefore results that the last portion of the
Yelk to disappear is the periblast.
d;mle beriblast is undoubtedly hypoblastic in position, and in many
Casi(«-)l'elked forms is homolog(?us wyith t‘he splanchnopleure, as in the
Hetth the embr:yos .of Salmonoids, in which, together with the vascular
of t‘-h ork traversing it superficially, it eventually occupies the position

6 splanchnopleural mesoblast in relation to the other layers.

o g())\l)evelopmmet of th.e hypoblast or the gastrulation of the egg.—This
w ie;t' threadbare subject I return to reluctantly, because so mnch

om 'lfi erroneous has been written about it. Balfour’s account in his
]ittlepsl?tl-ve .Embryol.ogy, ii, b7, is ffn'- from clear, and conveys but
Atter i(f inite information as tq the origin of the hypoblast. That tl}e
of the ; l('hfvel(‘)ped as a “(fentrlpeta,l Tn'growth of cells from the margin
doubt tl;‘5t0dl§lc » (AgassTZ and Whitman) there can no longer be any
OI)I)Oséd (})l?gh in my earlier studies on the development o.f the cod I
cess, vy .t.mt_ view, because I had not succeeded in witnessing the pro-

un;lin Nceh T have observed since in detail, as has also been done by

gham, :

f;lg that the. cells at the edge of the blastodisk are inflected around
ormey 2? n.largm, but that at the point where the future embryo is

_ '@ Ingrowth is most rapid, and soon becomes somewhat wider.

its
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Later, the hypoblastic layer, which has arisen by the process of inflec-
tion just described, forms a sort of rounded promontory or tongue of
cells, several deep, which is prolonged inwards under the epiblast with
the progress of the development and the growth in length of the two-
layered rudiment of the embryo. The views of Geette,"! Haeckel,!? Hen-
neguy," Ziegler, Kingsley and CQonn,4 Agassiz and Whitman, Brook,
and of Cunningham, on this point, agree pretty closely as to the main
fact of the occurrence of a marginal inflection of the blastodisk.

As observed by a number of investigators, the centripetal inflection
of the margin of the blastodisk of Teleosts does not lead to the for-
mation of a continuous plate of cells underlying the sensory layer of
the epiblast, and of the same area as the latter. A very considerable
area beneath the epiblast, and occupying an excentrie position in the
blastodisk, is not invaded by the ingrowing hypoblastic layer. The
space not so invaded and bounded by the epiblastic layer above, the
inflected lips of the hypoblastic layer at the sides, and by the periblast
below, is the depressed or flattened blastoceel of the Teleostean ovuid.
It is perfectly homologous with that of Branchiostoma, but is flattened
or depressed by the way in which the growth of the blastula is modified
by the presence of a large yelk, which is itself invested by the peri
blast or yelk-hypoblast. The blastula becomes, in fact, a hollow disk-

The yelk-periblast or yelk-bypoblast, and the inflected hypoblast aré
hypoblastic in their relations, and must accordingly be invested in the
course of development by the epiblast by epibole. The epiblast and
hypoblast are accordingly fused at the margin of the blastodisk. The
entire margin of the blastodisk must consequently be regarded as the
blastopore or archistome of the developing Teleostean ovum, as origh
nally implied by Haeckel. Such a condition of things would be brought
about by loading or surcharging the cells of the hypoblastic pole of the
blastala of Branchiostoma with yelk substance. The way in which the
discoblastula arose may be very easily understood, if the gastrula stages
of Branchiostoma, Rana, and Gadus are carefully compared.

With the gradual increase in the size of the yelk in the vertebrate
series, it finally happens that the principal morphol ogical features of
the embryo are distinetly developed long before yelk absorption is-com-
pleted. As a result of this, the yelk, which occupies a ventral position
in reference to the intestine, is finally exeluded from direct connection
with the latter, and the periblast (bypoblastic in origin) is made to 88
sume 8 new function, viz, that of ministering to the incorporation "’f

! Goette. Berlin. medicin. Centralblatt, 1869, No. 26, pp. 404-466, and Arch. fir mik-
Anat., ix, 1873, p. 679.

1"Haeckel. Die Gastrula und die Eifurchung. Jena. Zeitachr., ix, 1875.

'>Henneguy. Note sur quelques faits relatifs aux premiers phénomdnes du asvel-
oppement des poissons ossenx. Bull. Soc. Philom. de Paris, 10 Apr., 1880, p. 4.

M4Kingsley and Conn. Some observations on the embryology of Teleosts. Mo
Bost. Soc. Nat. Hist., iii, pp. 183-212, pls. xiv-xvi, 1883,
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the vitelline matter. Kollmann!s has lately presented some strong evi-
dence in favor of this view, but is in error in assuming that the lips of
the inflected rim (hypoblastic stratum) of the blastoderm are the lips
of the blastopore. If this view is admitted, we are logically forced to
conclude that the yelk is something extraneous, and is not an integral
bart of the ovum, as we know it to be, judging from the way in which
the periblast arises. The manner in which the latter is formed shows
that the continuity of the blastodisk with the plasmic layer investing
the yelk is perfect, and that the cleavage cavity is exactly homologous
With that developed in a holoblastic ovam. There is, therefore, a blas-
tula stage developed in Teleosts which is most distinctly evident at the
time the ¢ nuclear zone” is formed. The vesicular syncytium formed by
the periblast is, however, so enormously distended with passive yelk
that gastrulation is modified to an extreme degree. Kollmann’s argu-
Tents against the final closure of the blastopore at the edge of the
blastoderm and at the hinder extremity of the axis of the embryo breaks
down completely, if the processes of gastrulation of Branchiostoma, Rana,
a0d Qadus are compared, because such a comparison shows: First, that
3 gradual loading of the entoblastic pole of the blastula with yelk causes
the latter to be constricted around its equator in the course of develop-
Ment, thug leading to the formation of a blastodisk with an inflected
two-layered margin. Secondly, since the foregoing is true, it results
at active development is shifted so entirely towards one pole of the
®8g that gastrulation also occurs there, and an attempt is made to re-
Produce the state of things seen in the gastrula of Branchiostoma, but
lnbthe effort of the active pole of the blastula to envelop the passive
206 by epibole it appears as if the annular entoblastic invagination was
?ncomplet;e, leaving the ¢ Urmund” of Kollmann open. This “Urmund?”
8 homologous with & circalar opening which might be produced by a
Tupture near the center of the inflected entoblast of the gastrula of
ranchiostoma, and therefore is in no sense homologous with the true
lastopore, The opening in the floor of the discoblastula of Teleosts
anq Elasmobrauchs, identified by Kollmann with the blastopore, I pro-
Pose to call the discopore, in order to permanently distinguish it from
® true blastopore of authors. An equally fatal objection to Koll-
hann’s view ig that on the basis of his interpretations the blastopore of
¢leosts and Selachians would not open to the exterior.
tain Vie‘? resembling in some respects that of Kollmo-nn Wa§ entel.'-
ateled by.me in 1881 (see 7a, supra, p. 298), though it was immedi-
\\'asy qualified in paragraph 2 which followed on the same page, and
© Subsequently adopted in a modified form in my first paper on Gadus
Ontr, Embryog. Oss. Fishes, p. 569). I had also observed' and
8ured the segmentation of the “nuclear zone” or *“marginal wreath of
u'"’ll(loll'munn. Gemeinsame Entwickelungsbahnen der Wirbelthiere. Arch. f. Anat,
Pl 322(;1;’ 1885. Amnat. Abth, pp. 279-306, pl. xii. '
0-7, p. 146, fig. 4, pl. 1; and also Na. 74, p. 287, fig. 3, pl. ¥ix,
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cells” from the edge of the blastodisk. And contrary to what some of
the more recent writers on Teleostean development would seem to imply,
I had already suggested that the nuclear zone gave rise to the nuclei Of
the periblast, as the following quotation will show : “The free nuclel
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 Ly the blastoderm. The inference, therefore, is that they
spread and wultipiy with the lateral growth of the blastoderm. 1t i8
these nuclei possibly which are the centers of certain free cells around
the margin of the germinal disk when the latter has attained the moruld
stage, as in Cybium and Tylosurus, as shown in fig. 3, pl. xix, of my
essay on the latter form. If such is the case, it is possible that the
germinal wall (Keimwall) at the edge of the blastoderm of the chick 18
homologous with the yelk-hypoblast of the fish ovam?” (Contr. Embryog:
Oss. Fishes, p. 569).

The marginal inflection of the blastodisk is figured by Kingsley a"d.
Coun (No. 14) in Ctenolabrus, and by Brook,® 17 as being composed of
larger cells than that of the epiblast. Kingsley and Conn represeﬂ“
only a siugle layer in Ctenolabrus, a condition which 1 have never
found to exist in sections of the disks of any of the species studied by
me. Brook represents several layers of larger cells in the hypoblast:
That the inferior stratum of cells of the inflected hypoblastic layer aro
perhaps somewhat larger than those of the epiblast I admit, but that
they are generally very much larger or that the inflected hypoblast is

ever formed of a single layer, as held by Kingsley and Conn, I am dis
posed to question.

Cunningham (On the relation of the yelk to the gastrula in Teleos
teans, etc.,) bas studied the development of three Gadoid forms, and has
been the first English investigator who has declared himself an advo
cate of the concrescence theory, which, in its various forms, has been

supported by His,* Rauber,” Whitman,*® and myself,? and latterly bY
Duval®? and Kollmann.

16 Brook. On some points io the development of Motells mustela L. Journ. Lint.
Soc. Zool., xviii, Nov., 1884, pp.29¢-307, pls. viii-x.

7Brook. On the origin of the hypoblast in pelagic Teleostean ova. Quar. Jourt
Mic. Sci., Jan., 1885, pl. iii.

18W. His. Ueber die, Bildung der Haifischembryonen. Zeitschr. f. Anaf. o
LEntwickelungesch., ii, 1877, pls. vii; also, Untersuch. {ib. die Entwick. von Knoche?”
fische, otc., in vol. i of same journal, 1 pl.

wRauber. Primitifstreifen und Neurula ; also, Die Theorien der excessiven Monstrés
Virchow’s Archiv. 1lxxi, 1877, pls. 3.

0 Whitman. Embryology of Clepsine. Quar. Jour, Mic. Sci., July, 1878, pp- 101,
pls. xti-xv.

2t Ryder. Ou the formation of the embryonic axis of the Teleostean embryo bY tho
concrescence of the rim of the blastoderm. Am. Naturalist, 1885, pp. 614-615, 1 ﬁg-

= Mathias Duval. De la formation du blastoderme dang Tceuf d’oiseau. Ann. S¢k
Naturelles, Zool., 6° sér., tome xviii, pp. 208, pls, 5, 1884,
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The strenuous opposition to the doctrine of concrescence manifested
by Balfour arose apparently from his too constantly interpreting all of
the higher vertebrate types of development upon the basis of his bril-
liant regearches on the Elasmobranchs. Later research has only con-
firmed the doctrine and added little except a clearer knowledge of the
details of the process, and I may add that Whitman has recently gone
Over the subject of the concrescence of the germ bands in Clepsine, and
will shortly present the most conclusive evidence of the sounduness of
the views which he originally published in 1878. The evidence as to its
Occurrence in Gadus becomes palpable upon the advent of the initial
8teps of the intlection of the blastodermic margin. The inflected layer
800n becomes wider in the region where the embryo is formed and is
Prolonged with the progress of the extension of the blastoderm over the
Yelk. The concrescence of the lips of the primitive blastopore in the
middle line of the embryo would also-tend to carry a larger number of
bPeriblastic nuclei under the anterior and middle region of the true hypo-

last. It does not necessarily follow, however, that the floor of the in-
testine is formed by cells derived from the periblast, as occurs in Elas-
Wobranchs (teste Balfour), and as held by Cunningham, though there
18 110 objection to such a view. The principal conclusions reached by

Unningham as to the homologies of the yelk-blastopore are, however,
U0t now, as Rauber® and myself* had previously reached the same or
Very similar interpretations.

Rauber considers what I have called the ¢ yelk-blastopore” to repre-
8ent the ¢« plastostomion verum ” or true blastopore in types with alarge
Yelk. The blastopore of the latter types, usually regarded as such by
Cmbry ologists, and developed at the anterior part of the primitive streak,

auber calls the ¢ blastostomion consecutivum %eu intermedium.” Both
oPenings together are for him simply differentiations of the primitive

la'StOSt,ome.” This blaétostome, or the blastopore, as it is: usual‘ly

Called, of the Bilateralia, whether round or drawn out into a cleft by a

P}'OcesS of growth in length, or of concrescence, I have elsewhere?® dis-
'Dguished as the archistome.

(2) Later development.—The more advanced stages of the cod embryo,

Ough studied by Sars and others, have never been correctly figured
si):i any one because of the fact that a very large vesicle on the upper
o © of the head has been entirely overlooked, probably because of the

Xtreme transparency of this portion of the young fish, In my first
Paper on the development of the cod (Contrib. Embryog. Oss. Fishes,
Pls. xi ang xii), figs. 45 and 49, which are side views of- emDbryos,
8ured ten and seven days after hatching, give the erroneous impres-

8100 that the median fin-fold extends quite forward between the nasal

<]
uR&uber_ Die Lage der Keimpforte. Zoolog. Anzeiger, ii, 1879, pp. 499-503.
yder. On the position of the yelk-blastopore as determined by the size of the

vite)y,
:l;{us. Am. Naturalist, April, 1885, pp. 411-415.
yder. Tho Archigtome Theory. Am. Naturalist, Nov., 1835, pp. 1115-1121.
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pits. The same would also be inferred from another fignre representing
an advanced larval cod, published in a later paper 2 by the writer.

The true state of the case is as follows, as may be gathered from figs.
1 and 2, plate i: The true median dorsal fin-fold only extends as such
forwards as far as to about or slightly behind a vertical line passing
through the base of the pectoral. The larval integument continuous with
the median dorsal fin-fold and covering the brain and fore part of the
spinal cord is not prolonged forwards as a flat duplicature or fold, but
is distended as an oblong vesicle and filled with a serous fluid, as shown
from the side n fig. 1 and from the front in fig. 2.

Immediately after hatching, this sinus or space between the integu-
ment and the brain is small, a8 may be observed in fig. 40, plate ixX,
of my first paper, but in about one day after hatching it begins to be
obvious that the integument, over the brain and as far back as to the
vertical from the end of the intestine, is being lifted up and becoming
filled with fluid. This proceeds until at the end of a week or ten days
the larval cod, when viewed from the side or front, presents a most sin-
gular resemblance to the conventional dolphins of the ancient sculptors.
The rounded and swollen front and top of the head is in marked con-
trast with the majority of pelagic fish larvs.

That the integument is actually lifted up from the underlying struct:
ures is shown by the fact that the long efferent branches of the vagus
group of nerves which pass outward to button-like thickenings of the
epiblast armed externally with stiff protoplasmic hair-like processes,
may be traced through the wide space between the integument and the
brain when the embryo is examined by transmitted light. Three pairs
of such segmental sense organs or neuromasts (Wright) are found iB
the walls of the large integumentary vesicle overlying the head and
body of the young cod. These organs are disposed quite symmetrically
on the fore part of the body, but posteriorly they are not symmetrically
disposed on the sides of the tail, as may be seen by referring to platé
x, fig. 42, Embryog., Oss. Fishes. Agassiz and Whitman, in their 1ast
memoir (Pelagic stages of young fishes), also figure and deseribe larval
fishes in which there was more or less asymmetry noticeable in the ar-
rangement of the caudal neuromasts,

The great anterior dorsal integumentary vesicle of the larval cod is
gradually developed after hatching, and appears to increase in size 88
the yelk sack diminishes and becomes empty. I first noticed an'd
described what is obviously homologous with this vesicle, which 8
so exaggerated in dimensions in the larval cod, in 1881, in the Spa®:
ish mackerel, as may be learned if the reader will consult plates u
and iv, figs. 14—, 15, 16, and 17, illustrating my paper on the develol."
ment of that species (Bull. U. 8. Fish Com., i, 1881, p. 157), where it 18
also stated that it is developed after hatching, ag is shown by the con

% Ryder. An outline of a theory of the development of the unpaired fins of fished :
Am. Naturalist, Jan., 1885, pp. 90-97, fig. 3,







