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,

(1 489




490  REPORT OF COMMISSIONER OF FISH- AND FISHERIES. 2]

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,
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dition of the vesicle in a larva just hatehed and figured on plate ii of
he paper cited. At that time I named the space in the supracephalic
Vvesicle of the Spanish mackerel, the * supracephalic sinus.” Now, while
1t is clear that this sinus is the homologue of the much larger one in the
arva of Gadus, it is also clear that in the latter it extends not alone
over the Lrain as in Scomberomorus, but even back dorsally beyond the
hinder limits of the body cavity.
I have good reasons for believing that a sinus of the same character
O%erlies the brain in a number of tho species figured by A. Agassiz and
18 agsociate Whitman as well as in the larvie of Trachinus and Motella
hgux-ed by Brook. Infact,I doubtifthestructurerepresented inadvance
of the first developed dorsal fin-ray on the head of the larva of Lophius
Y A. Agassiz? is a fin-fold at all, but merely the integumentary vesicle
' bulla described above, though the confrary is expressly stated on
Page 282 of the memoir last cited. A still more remarkable instance of
¢ extension apparently backward and laterally of what I have called
the “supracephalic sinus” is represented however by Agassiz and Whit.
Wan on plate xii, figs, 7 and 8, of their recent memoir (Pelagic stages
S Young fishes, part I, 4to, 1885). In this form the sinus has been ex-
;;‘ded back for two-thirds of the length of the larva and also over the
4e¢s of the head. The form in question is supposed by its describers
o Ve near Motella.
™ tis thereforo probable, taking into account the facts recited above,
% the true, median, dorsal fin-fold is never extended as far forward
the front of the head, as I had assumed in my paper cited above on
0(; d evelopment of the median fins, but that such an apparent anterior
@-xt:al e€xtension of the fin-fold is due to the illusiqu prodpced by the
jllat;e(;ne t‘mnspa-rency of the integu.meflt. of the florsal vesicle or })ullu.
iviy, rescrlbed, the presence of which is not easily m?de out unt.xl the
"lapy K m.uhr‘yo is viewed from in {front. The true median fin-fold in the
Othe{f Ot' Gadus is therefore but li’ct!e longer proportional!y than that of
archy; t‘) pes of.. larvee which are without a suprace‘phahc bulla. The
con “’b extension of the fin-folds in fishes therefore, it seems, mnst have
una out t-he same as that generally prevalent to-day in young larve,
suc, (BXtenslon of the fin-folds which is most nearly approximated by
) adult forms as the Dipnoi..
is Dr:bc?)ntel-]ts of the Lulla or sinus have been but little studied, but it
"‘f(ﬂdz le, Judging from certain observatioqs upon tl.u; contents of i}he
COagulal (;f larval fishes by Emery,” that this bulla in Gadus contains
A enec)le albumen. I have found such a coagulum ia the fin-folds of
100k embryos of Clupea. And in embryos of Scomberomorus I found
Matter in the sinus on the top of the head and fin-folds.
! On the young stuges of osseous fishes. Part iif, Proc. Am. Acad.
- XVii, 1842, pls. xvi, xvii.

k. Ac:':;"y-.Sulla existenza del cosidetvo tessuto di secretione nei vertpbrati. Atti
- Bei., Torino, xviii, 1883,

8. Mis. 70—30
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In larvee of ‘Gadus hardened in chromic acid there seems to be such
coagulum existing in the dorsal bulla already fully described. Thi8
bulla therefore partakes of the nature of a lymph-space.

(3) Changes of position of the cod’s egg and embryo during development.—
The germinal disk of the cod’s egg, like that of the ova of most Teleos
teans, is developed at the time of impregnation. The single spermato-
zo0n necessary to effect impregnation and initiate developement enters
the egg through a minute round pore in the egg-membrane or zoB#
radiata, known as the micropyle. But one such opening is found in the
egg of the cod, and I believe that reliable authorities concur in the be
lief that there is but one such opening in the membrane which invests
the ovum of Teleosts. - .

- The male element can therefore enter the ovum at one point only
and, inasmuch as the superficial cortical layer at the time of impregn®:
tion, and from which the blastodisk or germ is developed, lies in imme
diate contact with the egg-membrane or zona, the point of contact be
tween the egg and spermatozotn is also limited by the area on the ovu®
covered by the micropyle. That area is excessively small. The polar
_cells in the cod’s egg are also extruded immediately beneath the micro-
pyle and invariably in very close relation to it. Furthermore, the activ®
plasma of the egg gravitates towards the point where the spermatozod®
entered the egg, and the greater part thus accumulates in the vicinity
of the micropyle, a8 shown in ﬁg. 3’ p}__ i’ where the po]a,r cells joining
the egg to its membrane are also indicated. I never saw any polal
globules expelled through the icropyle. '

As soon as the blastodisk becomes apparent as a thickening or 28"
gregation of the substance of the cortical layer it assumes an inferio®
position, because the specific gravity of the plasma of the disk is greater
than the same volume of yelk, the whole of which now occupies the
upper pole of the egg. Later still, when the disk D, fig. 4, is bette’ ,
defined, the force of gravity, still acting in the direction of the arro™
which points toward the micropyle, constantly keeps the disk in an in-
ferior position, which is maintained until the blastodisk begins ¥
spread and the embryo to be formed. When the blastodisk or th®
blastoderm, as it may now be more appropriately called, has spré®
over one-half of the vitelline globe, as. shown in fig. 5, the embry? 18
pretty well defined at one side of the blastoderm, and extends from it
margin to its center. This causes the blastoderm to become heavie®
at the side upon which the embryo is formed, and, as a consequenc®
the whole egg is slightly rotated upon its own center so that a radit®
drawn from the latter to the center of the original site of the blastod’s:
of an earlier stage will be inclined to the horizon at an angle of 40~
4s development proceeds still further the embryo of course lengthells
as the blastoderm spreads, till finally the embryo embraces an ar¢ 0
180° on the yelk-globe. As a result of this the radius passing fff”;
the center of the egg to the original site of the center of the blastod’s
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I8 swung round still farther, so that the total rotation of the egg now
amonnts to about 902, as a comparison of fig. 6 with fig. 4 will show, as
lndicated by the arrows. 4
Further changes of the position of embryo in the egg as development
advances are hard to follow, but these are the principal and most strik-
1ng ones. When hatching takes place the vitellus is always so much
lighter than the embryo that the latter floats about in the water on its
back. In the course of a day or so the embryo is able to right itself.
The next change in the position of the free embryo, when at rest in
the Wwater, occurs some days after hatching and seems to result from
the development of the great bulla already described and which is grad- -
tally developed on the head and over the upper part of the body. When
larve of a few days old swim they are inclined to move the body for-
Ward horizontally in a right line, but as soon as they come to rest the
‘ t‘:ll drops down into an inclined position, and forms an angle of about
U° with the horizon. This was so constantly observed to be true of
advanced embryos that I have inferred that the bulla developed on the
®ad caused the latter to be buoyed up, just as the less advanced
®mbryo is buoyed by the yelk before its absorption. This seemed all the
more Probable from the fact that the very rudimentary air-bladder in
arvee of that age does not as yet appear to contain air, '
The function of the integumentary bulla on the head, thérefore, seems
be, in part at least, to serve as-an organ aiding in the flotation of the
®Mbryo. This seemis all the more probable from the strongly marked
Sflagic .tendencies manifested by the eggs and larvee of the cod at all
d a‘gf}S In sea-water of .normal specific gravity or in water having a
€Lsity of 1.025. :
(‘.1) The most recent and successful method of hdtching cod and other pe-
¢ eggs.—1 will here reproduce in part what I have already published
olsewhere, 20
dii‘)l‘ fO}u' seasons experiments have been carried on for the purpose of
Overing a practieal method of hatching the eggs of the cod—one of
:I"mOSt fertile and valuable of the food-fishes found off our coast.
co nmdg t,l.m period mentioned no less than forty forms of apparatus have
con e\nsed- and operated, with varying success, by different persons
pres scted- with the work of the U. S. Fish Commission. Up to the
DP()xint time nf> device has fulfilled ‘the required conditions, even ap-
Chestmate]y’ W'xth such success as the apparatus just devised by H. C.
or, superintendent of the Wood’s Holl station of the Commission.
ath:)s apl)arat}ts is essentially automatic, and needs so little attention
conn'e man will by its aid readily care for a hundred millions of eggs.
fost 4 iSlsts of- a trough, 7 feet 6 inches in length, 2 feet in w.idth, and 2
Partit nches in depth. Atabout I foot from éither end, vertical wooden
1008, extending to within 4 inches of the bottom of the trough,

®R
%0 10T Buccess in hatching the eggs of the cod. Socience, vii, 1886, No. 153, pp.

28, .
D. 488, Also, ‘Hatching codfish eggs. Forest and Stream, xxv, No. 25, Jan. 14, 1886,
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‘are secured. This leavesa space about 5 feet 6 inches in length between
the partitions. In this space 6 or 8 large glass jars are supported upon
a frame, with their tops downward. Those used for the purpose ab
Wood’s Holl are ordinary cylindrieal, four-gallon specimen jars, with &
half-inch hole drilled in the bottom. The stoppers of the jars are re-
moved, and a single thickness of coarse cheese-cloth is secured over the
mouth with strong twine. The Jjar is then inverted and lowered into
trough, so that its bottom is about even with the top of the trough.
Strips nailed across the top of the trough serve to keep the jars upright.

The accompanying figure, showing the device in longitudinal vertical
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section, modified and designed on
vice now in use and accommodatin
able the reader to get a clear con

asomewhat smaller scale than the de-
g only four jars (two in a row), will en-
ception of the way in which.the appa-
ratus is used. The trough A is filled with unfiltered sca.water through
the faucet 7, the water rising to the level of the line a before the capa-
cious outlet siphon s begins to_operate. This siphon, through which
the water runs out of the trou gh faster than it comes in at i, soon brings
the water down to the level of the line b, when the siphon takes in air and
ceases to operate, after which the trough again sldwly fills up with water
to the level of the line a. This process is repeated automatically, and
as long as the water is permitted to flow through the device. Itrequires
ten minutes for the water to rise or fa]] from the one level to the other;
and, since the jars have only a cloth tied over the mouth below, the
water rises and falls to the same extent in them. This very slow and
gentle rise and fall of the water in the Jjars and trough has been found
sufficient to aerate the eggs and give them all the movement they need.
All of the good eggs in this contrivance float at the surface; som®
during the latter stages of hatching, will fall below the surface, but if
such ova are washed, they will again rise to the surface, and an exceed:
ingly small percentage of the eggs ever sink and die, as in almost all
of the other forms of apparatus hitherto used. The result is that the
mortality is probably under 5 per cent—a percentage of loss not greater
than that experienced in the most suceessful treatment of shad ova 11
the McDonald jar. .
The freshly fertilized ova, treated with an abundance of good milts
are introduced into the hatching device through the hole in the center
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Of the bottom of each jar by means of a glass funpel.  Bevond an ocea
8lonal siphoning-off of the sediment on the bottom of the trough and
the cloth covers of the jars, the eggs require no attention until hatched.
Heretofore great mortality has been caused by the use of metal in the
Coustruction of hatching vessels and strainers. Since the adoption of
8lass, wood, and cloth as the only materials nsed in the construction of
the hatching apparatus here described, combined with the very gentle
Movement to which the eggs are subjected, complete success has been
attained. The eggs are caused to oscillate up and down through a
Space of only 5 inches from the level of a to that of b, und, withal, so
ge.ntl_v that they suffer no hurtful shocks of any kind whatever. Cap-
n Chester’s device will doubtless be used with great advantage in tho
Propagation of the Spanish mackerel. In twenty-four honrs the em-
T¥os of the latter would be ready to be set free from the apparatus;
W!Jereas it requires cleven or twelve days to hatch the eggs of the eod,
With the temperature of the water ranging from 45© to 480 Fahr.
ach of the jars J is 17 inches high by 9 inches in diameter, and will
0ld from one-half to one million of cod eggs; so that an apparatus of
spg Style shown above, and occupying not much over a square yard of
jur:e, would accommodate from two to four millions of ova, in four
egThC‘Se results and experiments show that violent movement of the
Pais of'tl.le ?od is of no advantage; that such movement is, on thecon-
Pt‘qust’ ) ln‘]urIOI'lS. if not mortal when continuously maintained. The
sh ll]sm? conditions for the successful hatching of this important food-
WOOd‘}Vmg been settled,.th.e great sta-tion.of the Fish Commission at
or atls Holl aﬁ'ord§ unlimited opportuni.tles f().r cor.lducting the work
dreq ¢ east three monthsj qf the year, dur'mg which time from five hun-
o 10 one thousand millions of eggs might readily be hatched out by
2d of the Chester apparatus and set free in the adjacent waters.
With, :hl)mper specific gravity of the sea-water lias a great dea! to do
rokep ‘-’;'lllealthy Qe\felopment; of the eggs of the cod.. By :1cqxdent a
sa) t-Wat-,ed ve adnntteq fresh wate? to the. pum.ps which supplied our
0256 t r tanks, causing the specific gravxt).7 of the water.to fall from
sanl b:l)tl.021 or 1.022'.' In the‘ latter densities the eggs nnquiutely
Mep t’ion dl‘Ose at once if placed in sea-water of t.he.specxﬁc gravity first
addeq t: t-h The-break in the valve through which fres}x water was
ing trougl, at which was pumped from the ?a-rbor for use in our hatch-
thig quoﬁt 8, caused us to lose over tw9 ml.Ihon‘s of good eggs. After
ince the l‘)maate experience, and also judging from the fact that ever
Subsidgeq . reak in the valve has been mended no eggs have ‘sunk or
thag i ma, odthe bottom, we have concluded that the cod egg, in order
other cy evelop normally, must float at or near the surface. Under
laryy and ::Pdltxons df)es it seem possible to get them to develop regu-
wag alslthgut serious losses. ‘
eonﬂt-a.nt ﬂoo ound in the course of subsequfant experl-ence that the
W of cold water around the jars immersed in the troughs
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tended to keep the temperature in the latter constant, so that all the
eggs developed at the same rate. In other apparatus devised in jmita-
tion of Chester’s device, but in which the hatching vessel was not sur-
rounded by a constant supply of" fresh, cold sea-water, irregularities of
development were often very pronounced. This seemed to be due to
the unequal temperature of the water at the sides and center of the
vessel, owing to radiation from the atmosphere of the room. In these
other forms of apparatus, development seemed to proceed normally
until within a day or two of hatching, when the eggs would suddenly
sink and die.

(b) The post-larval stages of development of the cod.—I have not seen
any of the more advanced stages ; none older in fact than about ten
days afler hatching. A. Agassiz® has figured two stages believed t0
appertain to the common cod. These show the chin barbel and the
ventral fins developed, neither of which were yet developed in the old-
est stages seen by me. Theseo specimens measured respectively 20
and 28™" in lengtlf, or from four to five times as long as the oldest speci-
mens 1 have secn, so that there still remains o large gap to befilled up
in the iconography of the stages of development of this species.

II.—ROCCUS LINEATUS (BLOCH) GILL. (The Striped Bass, or Roclfish.)

The artificial fortilization of the eggs of the striped bass was, I be-
lieve, first accomplished by Mr. E. H. Walke, of the United States Fish
Commission, in 1879, and in 1881 Mr. S. G. Worth* reported his suc-
cess of the previous year in the artificial fertilization of the eggs of this
species. The species is very fertile; a single female was estimated bY
Mr. Worth to have contained 3,000,000 eggs in her roes. Spawning
and hatching appear to occur in fresh water, and according to Mo
Worth the eggs are of less specific gravity than those of the shad, 6*
tremely transparent or pellucid when in the water,and measuring nearly
one-seventh of an inch in diameter after impregnation, when the zond
radiata becomes greatly distended and freed from contact with the V1°
tellus. The freshly extended ova were found to be smaller than those
of the shad, and the vitellus was of a decidedly greenish color, Iroi
the foregoing data it may be assumed that there exists in the egg of thb1s
species, as in that of the shad, a very spacious “ breathing chamber;”
or water space, developed between the vitellus and zona at the time ©
impregnation, in consequence of the distension of the latter with waterl
taken in through the pore-canals. At a temperature of 66° to 670 Fabr
batching began at the end of 48 hours,

The foregoing information is derived from the paper by Mr. Worth
tnd, as there can be no doubt of the fact that the eggs taken were those
of the striped bass, we must suppose, if the young fish identified by -

%0 A. Agassiz. On the young stages of osseous fishes, paxt iii. Proc. Am. Acad. Art8
and Sci., xvii, 1882, pl. viii, figs. 4 and 5, p. 296.

3'8. G. Worth. The artificial propagation of the striped bass (Roccus lincatus
Albemarle Sound. Bull. U. 8. Fish. Com.,i, 1881, pp. 174-177,

) on
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Agassiz really were of the same species, that the development of its ova
oceurs in fresh as well as in sea-water. The larvie captured and figured
by Agassiz,’ though it is nowhere specifically im-
Plied that these young fishes were not taken from
fresh water, were probably eaptured in salt water,
a8 were most of the forms figured by him. Speci-
ens in my possession of young striped bass one
day old, hatched from ova fertilized with the milt
of the white perch, Koccus americanus (Gmel.) J.
and G., measure 3.5™™ iu length, or the same as
_the Youngest stage figured by Agassiz, but the
Jaws and mouth are not nearly as well developed
and the intestine is relatively much longer, nor
are the wedian fin-folds as wide. The intestine
also in this youngest stage extends backward be-
Youd the yelk-sack for a distance equal to half
the length of the latter before it reaches the cdge
f the ventral fin-fold to terminate at the anus.
bese differences lead me to think that the larval
Shes figured by Mr. Agassiz as pertaining to the
SPecies here under consideration, must belong to
Atother form, as none of his figures can be ree-
OBeiled with those taken from larva of the stri ped I
438, the parentage of which is undoubted. In
a és ODiuiou I am most conclusively counfirmed by
rawing which has fallen into my bands, by the
4t Prof. Henry J. Rice, the figure in question
emg- drawn from a larval bass in May, 1879, on
© sixteenth day after hatehing, and which had
alelen- Teared from a lot of eggs which were artifici-
Ylmpregnated. This drawing, which is repro-
mlleed Pere, fig. 7, was taken from a young fish
l_n?avslll‘lng 5™ in length, and disagrees in many
o bortant respects from a young fish of the same
Igth ang represented in fig. 3, plate i, in the
b ?(I:)c?r by Agassiz already cited. The figure by
o d's‘]’PWS the tail of the young striped bass to
aperlibtlnctly spatulate and rounded, and not
Ug and rather acutely rounded, as figured
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On the yonng stages of osseous fishes. Part iii, Proc. Aw. Acad.
» Xvii, 1882, pp. 274-275, pl. i.
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tail. Very pronounced hooked teeth are shown in both jaws in Rice’s
figure, and the air-bladder is developed relatively farther back than is
shown in the figures given by Agassiz. The earlier stages which I have
seen of undoubted embryos of Roccus lineatus are likewise moro slender

than those figured by Agassiz, and this point is also confirmed by the
later stage figured by Rice.

HYBRIDIZATION OF THE STRIPED BASS WITH OTHER FISHES.

It is rather extraordinary that the striped bass should so readily lend
itself to the purpose of cross-fertilization with other closely allied spe-
cies, such as the white and yellow perch, but it is still more astonishing
that it should be possible to cross this species with another belonging
not simply to a different family, but even to a widely different order
and sub-class. That the eggs of the shad (Clupea sapidissima) might
be fertilized with the milt from the male striped bass seems almost in-
credible, yet it seems that the evidence showing that the eggs of 2
physostomous form may be fertilized by the milt from a physoclistous
acanthopterygian is incontestable, and that the eggs of the latter type
may even be fertilized with milt taken from the first-mentioned type.
The shad and striped bass therefore appear to be fertile inter se, as the
following evidence seems to prove.

That the shad ovum may be fertilized with the milt of the striped
bass seems to be established by the evidence presented in a paper® by
the writer published in 1883, from which I quote as follows:

A number of young fish which had already lost their yelk-sacks, in
consequence of which it is to be'supposed that they were already several
days old, were received from Havre de Grace, Md., at the central
station on the evening of June 13, 1882. They were immediately placed
in an aquarium, but all of them died in a day or two after save about
fifty, which were transferred by the writer to one of the smaller of the
carp ponds in charge of Dr. Rudolph Hessel, where, as Professor Baird
had suggested, they might possibly find some food suited to their wants
and grow large enough for us to learn something of their future history-
The case is an extraordinary one, as the possibility of interbreeding
members of such very distinet families as the Clupeoids and Percoids,
unless the impregnfation was performed under the very eyes of the nat-
uralist, might well be doubted by those familiar with the recorded facts
which have generally been considered to prove that fertile interbreeti"
ing even between different genera was out of the question. The evl
dence in favor of the fact in this case is, however, too strong to be
prassed over, and until we know more of the later history of this singu-
lar hybrid, the following notes on the differences which were presented
by the embryos in question when compared with those -of the true shad

33 Ryder. Notice of an extraordinary hybrid between the shad and stripcd basi
Bull. U, 8. ¥ish Com., ii, 1882, p. 187.
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must suffice. The striped bass was the male and the shad the female
Parent in this case.

Teeth more numerous and more recurved in the lower jaw; at least
three pairs present; only two pairs in the larve of the shad of the same
age. Lower jaw longer, with the gape of the mouth much wider; ear
tapsule proportionally imuch larger than in shad larve of same age,
and pigment and fine radii of fins slighfly more developed than in the
latter, Intestine much nore slender, that is, its lumen is much less
Sbacious than in larve of Clupea. Liver in about the same position as
In laryal Clupea, but gall-bladder and eye relatively and perceptibly
arger; Meckel’s cartilage a fourth longer. General form that of the
arval shad, but head more prolonged and acuminate anteriorly. The
Preponderance of characters appears to be those of the female parent,
a0d these larvee appear to be undoubted hybrids. The eggs were taken

Y some of the crew of the steamer Fish Hawk at Havre de Grace,
a_‘_"d were impregnated with the milt of the striped bass, because mno
“1,)9 male shad happened to be at hand.

The head of this singular hybrid, represented by fig. 11, plate ii, nay

)e tompared with fig. 7, representing an advanced larva of the striped
as§, also with the fignres of the larvee of the sbad, shown on plate xxii.
a Ince the foregoing appeared Mr. R. B. Roosevelt bas published a

Paper® on hybridisin between the striped Dbass and shad, in which
" eel i'onlner was the female and the 1atter the male parent. XNo spe.ci'-
01‘1’8' 0? these larvie appear to have been preserved so that all the in-
on aatlon I can give in this instance is to quote Mr. Roosevelt’s remarks

] e .Subject as follows:
in t), ripe female striped bass or rockfish, Labrax lineatus, being canght

¢ nets during. the course of operation of the shad hatchery on the
w:::jg}l River, and there being no male bass to be obtained, the eggs
aken and brought into contact with the milt of the male shad.
:8“ sapidissima. Then these eggs werc placed in a box entirely by
errfiselves’ and every precaution was taken to make the experiment
he ¢t. The eggs hatched ; of that there is no question, but whether
eacll)lr(:lduct was the result of that impregnation or whether it was
ass ed by the chance contact with floating seminal animalcules from
gal‘d’e (‘;1' Whe.ther the young lived after they were hatched, may .b‘e- re-
eopiy as still open for consideration. As there was no p'osmb)hty of
oni 1g the fry in confinement the experiment goes mo farther than
g the field of study and research.”

ur_ :
—CLUPEA vERNALIS MITCH. (The Alewife or Branch Herring;

Glasperear.)

Thj cy :

61;‘5 Cl.upemd is anadromous and lays its eggs in adberent masses;

mn“’-““ is much thicker than that of the egg of C. sapidissima. The

1885 - B, Roosevelt,. Fertility in hybridization. Proo. Am. Ass. Adv. Sci., xxxiii,
' PP 510-515,
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egg of this species is also very much smaller than that of the shad, and
as the zona invests the vitellus or embryo quite closely, there is no
spacious breathing chamber developed at the time of impregnation, a8
in the egg of the shad.

Fig. 8, plate ii, represents a larval Clupea vernalis on the gecond day
after hatching, when it measures very nearly 5~ in length. It is ex-
tremely transparcunt, the only ornamentation with pigment spots is &
row of small ones on either side of the tail, on a level with the lower
side of the intestine. The yelk is very clear and does not contain any
oildrops. Theliver is produced as a nearly solid, elongated outgrowth
from the inferior side of the intestine and behind the yelk sack, in the
same position as in Clupea sapidissima. The liver is represented in the
figure by the long black patch bLehind the yelk sack., It will also be

noticed that the intestine terminates very far back, as it does in fact
in most Clupeoids.?

IV.—IDUS MELANOTUS. (The Golden Ide.)

The ova of this beautiful cyprinoid are adhesive, and, like those ‘.’f
the gold-fish, are usually found to adbhere singly to the Wa-tel"PI“Uts
amongst which the parent fishes spawn. The zona radiata is rather
thick, and there is but little space between 1t and the vitellus.

The young golden ide when it leaves the egg measures 6.6 in lengt-
Its form at that time is shown in fig. 9, plate ii. The Cuvierian ducts
embrace the anterior end of the velk, which is composed of small
spherical refringent granules. The yelk sack is much prolonged, and
extends from the cardiac region nearly to the vent, tapering slightly
as it is prolonged backwards. As in cyprinoids generally, there is #
complete cireulation at the time of hatching, which is not the case wit
the embryos of several clupeoids and many forms having pelagic eggs
The figures given by Von Baer of the embryos of other forms of cypr¥
noids also show the yelk-sack to be elongated. (See kis Untersuchunge?
iiber die Entwickelungsgeschichte der Fische, 4to, Leipzig, 1835.)

V.—CARASSIUS AURATUS, (The Gold-fish.)

The ova of the common gold-fish are laid sin gly upon weeds and other
fixed objects in the water. They measure about 1.5™ in diameter, a2
develop with comparative rapidity, hatching in 8 or 9 days after fertt”
ization. Three of the earlier stages of the development of this for™
are shown in figs. 16, 17, and 18, plate iii. The yelk is quite grap’
ular and similar to that of Idus and Leuciscus (Van Bambeke), and the
embryonic axis embraces almost the entire circumference of the vitellusy

s Tilippo de Filippi. Nouvelles recherches sur Yembryogenie des Poissons, AnD- dc!;
Sci. Nat. 3me Ser. Zool., vii, 1847, pp. 65-72, 1 plate. (Figures the larva of Clupea Sfinlt

3%Van Bambeke. Recherches sur 'embryologie des Poissons Osseux. Merh. Cov¥>
de I’Acad. ray. de Belgique, XL, 1875, Pl II.
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80 that the blastopore closes beyond a point opposite the original site
f’f the blastodisk, as also happens in Leuciscus. The vesicle of Kupffer
18 well developed just under the caudal end of the embryo, as may be
Seéen by referring to figs. 16 and 18.
A more advanced ewmbryo is represented in fig. 10, plate ii, measur-
g 5,757 in'length, at five and a half days old. The ornamentation
of pigment, spots is quite elaborate at this stage. The yelk is elongated
and fusiform, and its anterior end is embraced by the Cuvierian ducts.
‘.I“St behind the urinary bladder the candal vein is dilated and forms a
1llSiform'(silms. It is then continued forward over the yelk, upon the
dorsal surface of which it breaks up into a coarse vascular network.
For many weeks after hatching the young gold-fish does not develop
40Y red or bluish-black pigment cells in the skin. When these are de-
Veloped, which occurs after the fish is an inch or more iun length, it is
Probable that the fish is approaching adolescence, as it has been found
that thig species reproduces when still comparatively small.

VI.—ELACATE oaNADA (LINN.) GILL. (Zhe Crab-eater.)

. The ova of this species are very well characterized. They are pelagic,
N salt water having a density of 1.020. A large and refringent oil
fllobule is imbedded in the yelk at a point nearly opposite the site of
16 blastodisk and at the upper pole of the egg. The blastodisk is
'( ‘fected downward, like that of most pelagic fish ova. Theegg measures
lLr Out 1.25™ in diameter and the yelk is broken up into a few very large
fegular masses of deutoplasmw, separated by thin films or processes of
¢ Cortical layer of protoplasm, as is indicated by the network of dot-
d lines in figs. 13 and 14, plate iii. This subdivision of the vitellus
e'z th}n sheets of plasma running into the yelk-substance is apparent
0 in the yelk-sack of the young fish after it is hatched.
fo;rrhe changes undergone by the developing _b]astodislf for tl.le first
atchh.ours are quite complex. The developgent is quilt,e rapid, and
706 ing takgs place in about 36 hours a.fter_lmpregnatlon. A broad
Qg of marginal cells are segmented off from the margin of the blasto-
» and the margin of the latter is rapidly inflected. The growth of
cgteglastoderm is quite rapid, the entire vitellus being included and
OurSEd over by the epibolic growth of the blastoderm in about eight
Se;trse dI have al.ready referred to the very remarkable phenome‘na.‘ ol-)-
Sbecies by me Just.preyious to the closure of the bla.stodgrm in this
© 8 » and not being likely soon again to have an opportunity to study
in o nme form,. I will now describe and figure what Was'then observed
' desbrigmdb9r of ova, from which I infer that the pecqlianty about to be
¥ _i is chara.gteristic of the development of this form. ‘
Surfai'e 33 plat(? iii, represents the embryo formed and lymg on theé
optic | of the vitellus, and is shown as if foreshortened ; anteriorly the
Obes op, on the other side of the vitellus, show through the trans.
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parent surface of the latter. The embryonic axis shows the segments
or somiteés m, distinetly developed, but it is very remarkable that the
segmentation does not end at the point where the axis of the embryo,
thus far developed, ends. The right and left limbs of the blastodermic
rim, or lips of the blastopore, form a A-shaped mass, together with the
embryonic body anteriorly; but, unlike any other normal Teleostean
embryo, both the diverging limbs of the rim of the blastoderm show
distinet indications of metamerie segmentation at m, and behind the
point where concrescence has already taken place.

Just within the yelk and a little in front of the yelk blastopore, which
runs forward into the acute angle formed by the limbs of the blasto-
dermic rim br, lies tlre large oil-drop o. A lozenge shaped mass of cells
lies in the acute angle of the A-shaped terminal part of the embryo,
which appears to contain or overlie Kupffer’s vesicle, v, and what was
assamed to e the posterior end of the chorda ¢k at the time the draw-
ing was made; but of the certainty of this determination I am not at
present satisfied. I was cnabled to sketeh this and a slightly more ad-
vanced stage several times, and, as already statedy I found the same
condition of things present in » number of embryos, which appeared to
be developing normally. Tour other sketches show that the blasto-
derm finally closes very much as in other Teleostean embryos, and that
pronounced wrinkles radiate from the crater like opening upon the yelk
where the yelk-blastopore finally closes. '

The counclusions of His ana Rauber, to the ctfect that the embryonic
axis is formed by the gradual fusion from before backwards of the edges
or lips of the yelk blastopore as it ad vances over the surface of the vitel-
line globe, are completely and emphatically confirmed in the case of
this species. It must be admitted, however, that the presence of the
cellular mass between the limbs of the blastodermic rim where they
Jjoin the anterior portion of the embryonic bo dy is not a little puzzling.

This species I was enabled to study, through the kind help of Col. M.

McDonald and Mr. W, P2, Sauerhoff, at Cherrystone, Va., during the
first week of August, 1881.

VII.—SIPHOSTOMA FUSCUM (STORER) J. & G. (Common Pipe-fish.)

The earliest noteworthy observationg upon the development of any
species allied to the one here considered, which I have been able to find,
were recorded by Rathke.” The embryos of a species called Syngnathu$
argentatus is figured on plate v of Rathke’s memoir, and be shows the
gill clefts exposed-or uncovered in the young, a condition not observed
by later authors. 'The next memoir in historical order is by A. de
Quatrefages, and deals with another species, probably another genus, in
v‘li:h the eggs are not covered by lateral folds extending down from

3"H. Rathke. Zur worphologie ; Reisbemerkungen gaus Taurien, 4to, pp- 192,
pla. 5, Riga and Leipzig, 1837.
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the sides of the body. The memoir of de Quatrefages?® is, however,
very superficial, for the courses and distribution of the blood-vessels in
the embryo are drawn altogether diagrammatically and with the help
of f:he imagination of the artist. The next paper® published was by the
Writer, in which some of the stages of development ot Siphostoma fuscum
Were discussed and deseribed. About two years later Dr. J. P. McMur-
Tich took up the study of the development of this species and published
3 memorr+ which is valuable for the information it affords as to the
Ontogeny of the cranial skeleton. B
The eggs of Siphostoma are developed under a pair of integumentary
folds placed behind the vent, forming a brood-pouch, which is devel-
Obed on the under side of the tail of the female. The ova are small,
Measuring only about 0.75== in diameter. They are embedded in a
Vlspid mucus contained within the pouch alluded to. A blastodisk is
®¥idently formed in the usual way. The yelk is clear lemon-yellow in
09]01‘, and its outer stratum contains small, numerous deeper yellow
oil dI‘Ops, the distribution of which is shown in fig. 20, plate iv. The
Presence of Kupffer’s vesicle was not made out at this stage.
The next stage of development, which was observed in the eggs taken
el;z%] the brood-pouch of another male, is represented in fig. 19, when the
o Tyo, after being freed from the egg, measured very nearly 3= in
Ngth. This is a considerably earlier stage than that represented by
g8-1, pl. xlii, in McMurrich’s paper, as the fold indicating the commence-
m:g-t.()f the formation of the caudal fin is not yet presentin fig. 19. The
w e]‘"‘l a'orta and caudal artery extend almost to the end of the tail,
‘Vhi(f[? 1t is continued into the recurrent ¢ava and the subintestinal vein
reach, return the b}ood to the heart. A.s soon as the subintestinal vein
DOStee's the p(.)sterlor'pole of the yelk it bends down and traverses its
w ichrmr median and anterior face towards the heart, the venous end of
here rests upon th-e yelk. The branchial arches are formed, though
a I‘eadare no branchial filaments yet developed. The pectoral fin-fold is
he Y present as a low lobular process just behind the auditory capsule.
ing t,;)lrsal fin is just becoming clearly evident as a low median fold be-
oil dpg e vent. There is a8 yet no trace of an anal fin-fold visible. The
o 1ep8 bave a more general distribution over the yelk than in fig. 20;
In pasa’fl 18 much flexed downward, and the brain is very conspicuous.
identiﬁsmg I “fould state that in McMurl'icll’s fig. 1 the mid-brain is
With thEd t_)y mistake With.the cerebellum, the cerebellum is confou}]ded
ifie ?pmeal gland, while the medulla oblongata is erroneously iden-
-- 2. With the mid-brain and medulla oblongata together.

36 T T e e . . .. - R -
ophﬁ.ioie I(‘Q'un.trefuges. Memoire sur les embryons des Syngnathes (Syngnathus
%Ryder 'on.), Aon. des Soi. Naturelles, xviii, 24 ser., 1842, pp. 193-212, pls. 2.
atog. (H - A contribution to the development and morphology of the Lophobrz.mchf-
1881’ iPpocampus antiquorum, the sea-horse). Bull. U. 8. Fish Commission, i,

403 PP. 191199, p). xvii,
(stor.er. McMurrich. On the osteology and development of Syngnathus peckianus
“f)1 Quar. Jour. Mic. 8e¢i., xxiii, n. 5., pp. 623-650, pls. 2.
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A more advanced stage is shown in fig. 21, plate iv, measuring about
3.6@™ in length. The pectoral fin at this stage has already partiall?'
rotated on its base. The dorsal fin is more developed, while the tail
begins to show signs of the development of the perdmnent rays from
the coalescence of the embryonic rays or actinotrichia. The circulatiel
is more developed and the blood may be seen circulating through the
gill arches, but there are still no filaments formed. A more enlarged
view of the head of this stage is shown in fig. 12, plate iii, where the four
gill arches are more clearly indicated.

I must bere take exception to certain of McMurrich’s statements in
his paper already cited in reference to the development of the fins, He
says (p. 648): ‘“In the young stages an anal is present, which, how-

- ever, does not pass beyond the stage in which fibrillation [developmevﬁ
of actrinotrichia] begins, but aborts and is entirely wanting in the
adult.”” This is an error, because a careful inspection of the adults of
both sexes of Siphostoma fuscum, apparently the samé species as Was
used in his studies, reveals a small but undoubted anal fin just bebhind
the vent. The erector and depressor muscles are also not attached t0
the oval cartilaginous nodules at the bases of the fin-rays, as stated bY

. McMurrich, but to the bases of the fin-rays themselves. This author's
statement that the tail of Siphostoma is heterocercal at first is not born®
out either by the method of development of the tails of fishes generally
or by the evidence supplied by figs. 19 and 20 of this species here giveDn;
these two stages just referred to being really much younger than any
figured by MeMurrich, and they serve to show that the young of Siphos-
toma pass through what I have called an archicercal stage.

A very curious and interesting morphological fact is revealed by 2
study of the development of the Lophobranchii, namely, the manner in
which the neural arches are duplicated several times on each vertebral
centrum. The proximal parts of the parallel cartilaginous bars supP’
porting the rays of the dorsal fin in Hippocampus and Siphostoma afford
the basis for the ossification of about five neural arches to a single celt
trum in the region of the dorsal fin. And, since the more anterior and
posterior vertebr® also haye a number of dorsal arcbes, it is probablC
that the cartilaginous rudiments of such arches are also duplicated i
those regions in an analogous manner, but at a somewhat later stage ©
development. This peculiar method of development and duplication ©
the neural arches will very probably serve to distinguish the Lopho-
branchiates from other families of fishes.

In plate xvii of my first paper on the Lophcobranchiates, cited abové
I fell into an error in the identification of the cranial cartilages of H¥"
pocampus, as pointed out by McMurrich. In the skall, figured on tho
plate indicated, the names of several cartilaginous clements must be
changed. The unpaired element sy, given as “symplectic,” must bere
garded as genio-hyoid, the ‘‘element x” is the quadrate and pterygmd’;
while & is not “labial,” but pterygo-palatine and not “ethmo. palatin®
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a8 it is identified by McMurrich. The element q, given as ‘“quadrate,”
must be regarded as the symplectic portion of the hyomandibular bar.

VIII.—MONOCANTHUS BROCCUS (MrTcH.) DEK. (Fool- or Ivile fish.)

The eggs of this species were obtained by me from adult females capt-
ured in the pound-nets near Cherrystone, Va., about tho middle of
J}ﬂy, 1880. The eggs are quite small, and measure not quite .7*™ in
d_"dlneter. They are very adbesive, and adhere again and again to for-
®ign objects if detached. They are pale green in color and have & group
of smal refringent oil-Arops embedded at one side of the vitellus. An
unimpregnated egg of this species is figured on plate iii, fig. 15. The
Ot of eggs to which the one figured belongs was not fertilized, as far
a8 [ am aware, yet the blastodisk was very distinctly developed, as the

figure shows. At the end of about two hours no segmentation was ob-
Sel‘Ved. .

IX*‘APELTES QUADRAOUS (MITCH.) BREEVOORT. (The Four-spined
Stickleback.)

For the opportunity to study the development of this interesting
SD(.‘.cies I‘am indebted to Mr. W. P. Seal, who supplied me with devel-
9Ping ovy and a pair of spawning adults in April, 1881, and on which

S.hOl‘tly after published some notes4! and observations. 1 kept one
DAr of adults which were about to gpawn in an agquarium extemporized
,3:' the purpose; the male very industriously compléted the spinning
"M weaving of a nest under my observation,

o he carly stages of development I did not witness, as the first lot of
ogt,gs }1:1d the blastoderm already formed and inclosing the vitellus. The.
i“(;)f eggs laid by the pair in confinement were unfortunately not fertil-
Ou?m egg-membrane is a true zona radiata, being perforated p)' numer-
tin; Pore canals, and is covered by an adhesive material which agglu-
nu;tes the eggs together into a mass to the number (?t‘ 15 to 20, the
o l"’el‘ deposited at ope time by the femule. The ova sink to the bot-
in ’d and must be taken cllla,rge of by the male, as the female, after hav-
w i%h ;:!'cha.rged them, takes no further interest in thgir fate. The male,
for 18 mouth, lifts the eggs iuto the little nest which he has prepared

€Ir reception.

h he,egg of the four-spined stickleback measures about a line, or some-
wa Over 2om, jn diameter, and are of a decidedly dark amber color.
of thz Dot able to make out the position of the micropyle. At one pole
tached igg a large number of flat, button-shaped appendages are at..

els.. 0 .th(? surface of the egg-membrane by means of very short,' pedi-
»and it ig in the midst of these that the micropyle is found in bhe

Uro P . :

- Pean species, Gasterosteus leiurus, according to Ransom.

‘Ryder.
sphmd 8tic

Notes on the development, spinning habits, and structure of the four-
klel"wk- Apeltes quadracus. Bal), U. S, Fish Com., i, 1831, pp. 24-R9,
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There is no germinal disk developed when the egg first leaves tho
ovary, and the cortical layer of germinal matter is uniformly distributed
at first over the vitellus, which itself incloses a number of very re-
fringent oil spheres, very variable in size. It appears that the blasto-
disk in this species way develop without the influence of impregna-
tion, but no true segmentation oceurs under such circumstances.

‘Jn the fourth or fifth day after impregnation the primary divisions
of the braiu are marked off, one of the most striking characters being
the unusual spaciousness of the cerebral vesicles, the walls of the brain
cavity being relatively thin when compared with those of other forms-
The optic cups soon become quite deep, so that a considerable space
(the vitreous humor) exists at an early period between the floor of the
cup and the lens. The origin of the latter from a thickened induplica:
tion of the cpiblast may be very readily traced. Some of these and
other features to be described later, are represented in figs. 22, 23, and
24, plate v. Immediately behind the auditory vesicles, and shortly
after their invagiuation, the rudiments of the breast fins appear as
pair of low longitudinal folds. In the stickleback the breast or pectoral
fins develop very rapidly and while the young fish is still in the egg-

Pigment is also rapidly developed on the embryo, as is shown in figs-
25 aund 26, plate v, representing the young, 6= long, of Apeltes when
it quits the egg. During still earlier stages and while still in the egg
pigment is formed so rapidly over the embryo that it soon becomes im-
possible to see the outlines of the viscera, through the mantle of crowded
pigment cells; such is the case with a still older stage represented bY
fig. 27, plate vi. About the time of hatching, a second kind of pig-
ment cells, brown in color instead of black, and much larger than the
latter, make their appearance. These brown pigmeut cells blotch the
‘embryo symmetrically on the sides and along the median dorsal 1in€
being confined to sharply circumseribed areas in those regions, as may
be gathered from figs. 25 and 26. The style of pigmentation preva-
lent at the time of hatching foreshadows that of the adult. '

The heart appears about the fourth day as » heap of mesoblastic cells
just below the hinder part of the head, and is at first a simple sinus
It does not begin to pulsate vigorously until the seventh day, when it®
pulsations are nearly if not quite 100 per minute. Its venous end rap-
idly elongates until it extends fully the diameter of the body beyond
the right side of the embryo; a large pericardial space is developed b€
low the head at this point for its lodgment; this space dips down deeply
into the amber-colored vitellus. It continnes to pulsate from this tim®
onwards, but there are as yet no blood corpuscles. A wide space now
appears on the right side of the embryo and underneath the latter
This Jatter we may consider as a vascular sinus or channel of definit®
outline. The floor of this space, as far as I have been able to observes
seems to consist of the periblast (hypoblast), from which knobbed cel}
project upward, and which appear to be budding off portions of them”



[25] DEVELOPMENT OF OSSEOUS FISHES. 513

Selves, which will apparently become blood corpuscles. The sinus, at
any rate, becomes much crowded with what are evidently blood cor-
Puscles. Now follow what seem to be amaboid contractions of the yelk,
Or its periblastic investment, as a result of which this sinus is pushed
Out more to the right and over the vitellus. This sinus, as it is further
extended, in a girdle-like manner, over the vitellus, as in figs. 22, 23,
and 24, i3 seen to be obviously homologous with the edge of the area
Yasculosa of Avian embryology or to the sinus terminalis of the mam-
Malian embryo. Smaller vessels are soon formed which lead from the
Under side of the posterior end of the embryo and join the great mar-
ginal trypk anteriorly which leads to the heart. The asymrmetry of the
Vessels which spread over the yelk and take up its substance is very
strikiﬂg Auring the first few days of development. By the time the
Young fish is about to hatch the marginal sinus or trunk has gradually
38sumed a median position on the under side of the yelk, and small
Vesselg pass out on either side of the body on the upper surface of the
Yelk in o quite symmetrical manner, as shown in figs. 25 and 2.
- When the great vaseular sinus or first trace of a vascular system is
e"'3]0ped, it can scarcely Le said that there is a circulation ; tha blood
Q,Orl’USc]es now present are merely swayed back and forth by the pulsa-
‘%S of the heart. As soon as the aortic cb annel, underneath the chorda
Orsalis, is forced through, the blood commences to pour through the
Sus from, the tail end of the embryo headward over the yelk, as there
Slow g complete and open vascular cycle of vessels developed. The
“ardinal anqg caudal veins are formed about the same time. From them
18 feeders of the sinus, now the vitelline vessels, are soon developed,
they are rapidly spread out over the yelk as narrow channels, be-

z?)mivng more and more numerous. They at first spread out over the
f oral pole of the yelk, and a great common venous channel, derived
ro

M the sinus first mentioned, begins on the left side of the embryo
the g0es round to the right side over the yelk, ]i.ke a girdle, to ‘feed
the gleart, Into this somewhat tortuous, equatorial, vascular glrd}c
Veg 109‘1 pours from the small veins tra-versing ithe yelk.. The main
)Gsel 18 sywimetrically disposed in reference to the mt'admn plan'e of
hea(f"‘br?’ 0, and is gradually swung round over the yelk in front. of the
8wy a8 in fig. 24. Eventnally the venous end of the hea}'t is also
the“g .round, and is pushed out under the front of the head instead of
llle.n:dlng outwards over the yelk at one sido of the hea(}. The arrange-
and changes undergone by the omphalomeseraic vessels of the
fay 'YO stickleback are characteristie, and have not been met with, as
s T am aware, in the embryos of any other Teleosts.
OCCRUI_)ﬁ'er’S vesicle was found to be present. The urinary bladder
wai] Pies the usual position; it islarge and inclosed b)f a proper cellular
hatey, i © Course of the intestine, when the embryo is nearly ready-to
Stapec 1S marked Dy a greenish color. The hind gut, durmg. the earlier
ges of deve]opment, is decidedly swollen and has a spacious lumen.

« Mis, 70— 33
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The blood becomes red in color before the embryo leaves the egg. The
vascular system is better developed in this species at the time of hatch-
ing than in any other known to me, as well-defined vascular loops
already exist in the dorsal and ventral median fin-folds. The branchial
vessels, arches, and opercula are also in an advanced condition of de-
velopment af this period, unusually so when compared with the embryos
of most other forms at the same stage.

Lateral sensory or segmental senge organs are developed on the
skin at the time of hatching. If the young fish is allowed to assumo
its normal position in a live-box, and the microscope applied, looking
down past the sides of the Lody from abéve, certain thickenings of the
epiblast or integument will be noticed. These thickenings are sur-
mounted by transparent cells which project freely for a little distance
from the gencrallevel of the surface. The outer ends of these cells, ten
or twelve in number, are somewhat separated from one another, and
have blunt truneated tips which are not surmounted with sensory Lairs
or filaments. The segmental sense organs of the lateral line in the
young stickleback, therefore, differ very widely from those of the cod.

Fig. 27 represents an older larva in which the lower lobe of the tail i8
beginning to devclop.

THE SPINNING HABITS OF THE ADULT MALE DURING THE BREED-
ING SEASON. '

Tt has been known for a long time that the males of the different spe-
cies of sticklebacks build a nest in which they place the eggs laid by tho
females. The water is continually forced through the mass of eggs by
the wmale fish, which moves his fins for the purpose, and also draws ol
pumps the water through the clumnp of eggs with his mouth in execut-
ing the movements of the jaws, gills, and opercula incident to respird:
tion. Just how the nest was built, however, never seems to have been
observed until about 1879 or 1880, when Mr. W. P. Seal noticed that
the nest was built of threads drawn out through an opening near tho
vent of the male, and that the latter wound these threads round the clus:
ter of weeds chosen to support the nest in 2 wonderfully intelligent
manner.  Specimens with which this gentleman kindly supplied me in
1881, upon disseetion, showed that there was present, lying on the right
side of the rectum, a large sack filled with a viscid secretion, and that
this was the source of the material of which the threads were formed:
These observations, which were published four years since, have appar
ently been overlooked by Mébius,* who has recently given an account
of his observations on the spinning organs of Spinachia vulgaris JFlem.
though his observations are far more complete than were my own.

On the habits of the male Apcltes, I wrote as follows in 1881: ¢“The
male binds the nest together by means of a compound thread which he

2 K. Mibins, Ucber die Isigenschaften und den Urhprlmg (ier Schleimfiden des See-
stichlingsnestes. Arch. f. mikr. Anat., xxv, 1885, 1 plate. Also, Die Niere dos miin?
lichen Seestichlings, oine Spinndriise. Biolog. Centralbl,, v, 1886, pp. 647-648.
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8pins from a pore or pores behind the vent, while he uses his bobb.in-
8haped body to insinuate himself through the interstices through wl.uch
he carries his thread with which be binds a few stalks of Anacharis or
other water-weeds together, bringing in his mouth every now and then
4 contribution of some sort in the shape of a bit of a dead plant or other.
object, which he binds into the little cradle in which the young aro to
be hatched. The thread is spun fitfully, not continuously. He will go
round and round the nest for perhaps a dozen times, when he will rest
awhile and begin again, or turn suddenly round and force his snout
Into its top with a vigorous plunging motion, as if to get it into the
Proper shape. Its shape is somewhat like an inverted truncated cone;
A1 opening is left at the top through which it is supposed that he iu.tro-
duces the eggs. The thread is wound round and round the nest in a
horizontal direction in the case we are describing, and if this thread is
Placed under the microscope when freshly spun it is found to be com-
Posed of very thin transparent fibers to the number of six or eight;
Where they are broken off or terminate they have attenuated tapering
énds, as though the material of which they were made had been ex-
austed when the spinning ceased. Very soon after the thread is spun
Particles of dirt adbere to it and render it difficult to interpret its char-
acter. 1 have seen the thread being drawn out from the abdomen re-
Deatedly, but not from the vent; it appeared to me more probable that
It came from the openings of a special spinning gland. Its glass-like
t"1'3-11Spa,rencs,r shows that it i8 not made up of ingested food, the parti-
¢les of which would exhibit themselves were that the case. The nest
Meusures half an inch in height and three-eighths in diameter.
“Upon opening the male I find a large vesicle filled with a clear, ex-
Yelely viscid secretion which coagulates into threads upon contact
Vith water. This vesicle appears to open directly behind* the vent,
Separately from the latter. It measures one-fifth inch in length and an
Clghth in diameter. As soon as it is ruptured it loses its transparency,
m?d Whatever secretion escapes becomes whitish after being in contact
With water for a short time. This has the same tou gh, elastic qualities as
when spun by the animal itself, and is also composed of numerous fibers,
;1“’1“3[1 a portion is taken which has been recently spun upon the nest.
0u1e nat.lu‘e of the opening was not learned with precisiop, as1 poss.essed
tiny 4 single specimen. The vesicle lies to the right side of the intes-
® and there is very little doubt that it opens behind the anus. The
cestes are two ovoid glands, the ducts of which unite into a common -
hal, both glands and ducts being covered with black pigment cells;
o ge}testes, during the breeding season, measure somewhat less than an

1h of an inch in length. As to the origin of the secretion I have

' By Mist,
ODens “y
Sketch

ake it ig stated, in this paragraph of my original account, that the sac
N front of the vent.” I mako the needed correction here, asI find that the

o fires Which I made at the time show that it opened behind the vent, as stated in
'St paragraph, :
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no suggestion to make, but there are certain glandular structures lying
close by, the significance of which I am at a loss to understand.”

Since the above was written the inspection of additional material en-
ables me to state that the secretion is present only during the breeding
‘8eason.

" Mobius has investigated the subject mueh more thoroughly in tho
larger European stickleback, Spinachia vulgaris, and he finds that the
sac, found by me in Apeltes to be filled with a viscid secretion, is really
the urinary bladder. And, further, that the sources of the viscid secre-
tion are the kidneys, the secretion bein g poured out from the epitheliul
cells of the uriniferous tubules. The bladder acts simply as a reservoir
in which it aceumulates. In Spinachia the threads measure 0.12 to
0.13™™ ip diameter, the male winding them around weeds to form a nest,
in the same manner as the male of Apeltes. The secrction or viscid
spinning material belongs, according to M{bius, to the mucines. Boil-
ing hydrochloric acid stains it a violet color and then dissolves it-
Nitric acid stains it yellow but does not dissolve it. It is insoluble in
acetic acid; soluble in caustic potash solution, and when in solation in
the latter, if acetic acid is added drop by drop, a white precipitate i8
forwed, which is again dissolved if acetic acid is added in excess. Boil-
ing baryta-water dissolves it, but boiling lime-water does not.

Mobius traced the secretion to the epithelial cells lining the urinary
tubules of the kidneys or wolffian bodies. After the breeding scason
the voiume of the kidneys and urinary bladder diminishes, and they
then contain urine only, while during the breeding scason they are
principally filled with the slimy secretion, the thread being spun from
the genito-urinary opening just behind the vent.

X.—~ES0X RETICULATUS LE SUEUR. (Common Eastern Pickerel; Greent
Pile.)

From material supplied by Mr. W. P. Seal, T am enabled to give fig-
ures of two stages of this type; the youngest 9™ long and the most
advanced 11.5™ in length. These are represented by figs. 28 and 29-

The young of this species beecome pigmented rather soon. The gill
arches remain exposed for a considerable time, as is shown in fig. 29,
in which the depressed, produced snout characteristic of the pike
family is also already evident. Caudal metamorphosis is also begin-

_ing to manifest itself in this older stage, the tail having Lecome lancet:
shaped, and proportionately narrower than in the younger stage pre
cediug. There is a well-developed vitelline cireulation which has bqel‘
figured by-Truman® in the embryo of Esox lucius. The same species
has also been investigated by ’Swirski,* who has worked out the devel’

“L. B. Truman, Observations on the development of the ovum of the piko
Monthly Mic. Journ., Oct., 1869, pp. 185-203, pls. 27-29 and part of 30, a

4 Georg 'Swirski. Untersuchungoen iiber die Entwickelung des Schultergiirtels ug
des Skelots der Brustflosso des Hechts. . I naug. Diss., Dorpat, 1880, pp. 60, pls. 2.
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opment of the skeleton of the shoulder-girdle and pectoral fins of this
type.  The most important contribution to our knowledge of the devel-
obment of fishes of this type, however, is a paper by Walther.+

It is interesting to note that Swirski found no less than fifteen carti-
laginous nodules at the distal ends of the still cartilaginous actinosts
or basipterygial pieces, of which he finds four, but the distal end of the
Hfth and most dorsal in position is bifurcated, showing that it i prob-
ably compound, having doubtless originated by the proximal coales-
¢ence of two parallel bars. Some of the distal nodules or actinophores
Were transitory. The sixteen or seventeen rays of the pectoral devel-
oped as do those of the rays of the median fins, viz, by the proxi-
Mmal conerescence or blending of horn fibers or actinotrichia. The large
Bumber of pectoral actinophores found at various stages would indi-
Cate, even if two rays must be reckoned to a segment, that at least eight
Wetameres have thrust processes of tissue into the pectoral fold during
s development. These data seem to indicate, in fact, that considerable
Yeduction has oceurred in the number of metameric elements in the
Paired fins of Teleosts, since certain of these elements are transitory.

Wulther's paper discusses especially the chondroeranium and the re-
lilition of the cementumn plates, at the bases of the conical enamel-crowns
zi the teeth, to the formation of tho membrane bones of the jaws and

loutl,,

X.—SrEecieEs No. 1.

This fresh water species, which I cannot identify, has a very adhesive
‘g, 1.60m Ly 1 in diameter, as shown in fig. 31, plate vii. The blas-
todern, constricts the yelk in a very remarkable way during its growth
Over the yelk-globe, as shown in figs. 30 and 31. A very large refrin-
gent oil-drop is embedded in the yelk; the larger oil-drop is also sur-
Toundeq by & wreath of much smaller ones. Kupfter’s vesicle is devel-
_ "I)Qq under the tail end of the embryonie axis in the stage represented
slé; fig. 33. Fig. 32 represents nearly the same stage in profile, and

OWs the oil-sphere pushed quite to the ventral and anterior pole of

‘B‘J‘elk, where it remains until absorbed, as shown in fig. 34.

'Qhree days after hatching, the embryo measures about 4v» ip length,
p;l«f & wellmarked vitelline circulation developed, and a row of dark
si:m?.m spots are d-evcloped along the si'de of th.e Dbody, while a very
Sac?(u ar and peculiar arrangement 0_1' pigment is fqund on the yolk-
com-. On the lalttpl‘, as may be seen in fig. 34, the pigment spots are

Hed to the voints where the minute vessels joih each other,
at Hlese ¢5gs were found adherent to a piece of Ieather in a single la_?'erA
avre de Grace, Md., in the early part of May, 1881. The adhesive

a5
Jobanues Walther. Dio Entwickelung der Dcekknochon am Kopfskelott des

p;céltes (sox lucius). Jenaische Zeitschr., xvi, n. ., ix, 1. und 2. Heft, Jena, 1882,
- 69-8Y, ple. iiiciv.
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agglutinating matter which covered the zona radiata seemed to have
flowed down ovor the egg and hardened into a kind of flat disk at one
side, as shown in fig. 31. The yelk is quite transparent, but the disk
and Dblastoderm are rather thick; these characters lead me to think
that it is the egg either of a Cyprinoid or a Centrarchid, most probably
the latter, as the yelk of the Cyprinoids is generally very granular.

XI.—PERCA AMFRICANA SCHRANCK. {Xcllow Perch; American 0
Ringed Perch.)

I have not yet had an opportunity to study the development of this
valuable fresh-water species, which spawns in April and May. Like the
European P. fluviatilis, it lays its eggs in flat bands consisting of a sin-
gle layer, agglutinated together by an adhesive material. These flat
bands of eggs somewhat resemble those of the goose:-fish or Lophins
but they are not as large and do not float on the surface as do the egg
ribbons of the latter; on the contrary, in this species, they are quite
heavy and sink to the bottom, and are suspended by the female in all
probability upon submerged objects where they are left to hatch out.’

The envelopes of the eggs of the yellow perch are, however, so com-
plex in structure that they may be recognized with the greatest readi-
ness. The vitellus measures 1.75mm in diameter. It contains a large
oil-sphere which occupies an eccentric position. The oil-sphere is n({t
represented in fig. 35, plate viii, representing the egg of the Amerl
can perch, which measures, including the spacious and thick-walled
egg-membrane, 3.5™™ in total diameter.,

The egg-membraue is exceedingly complex, and consists apparently
of au internal layer, 2, which is homologous with the zona radiata of
other types. Immediately overlyin g tho zona there is a very thick,
highly elastic layer, g, which is traversed radially by fibers or canals
which widen perceptibly at the outer surface. A third thin investment,
a, overlies this thick elastic layer, and it consists of the hardened mucine-
like material which agglutinates the eggs together. At one point o
the surface of the egg there is a wider pore canal which leads to the w1
cropyle m. The outer layer, a, serves to agglutinate the egg to the outer
layer of adjacent eggs, as shown in fig, 35,

XII.—RoCOUS AMERICANUS (GMEL.) J. & G. (White Perch.)

The eggs of this species are quite small and measure only about .7 3=
or oue thirty-fourth of an inch in diameter, are very adhesive and stick
together in masses or in thin layers over fixed objects in the water
The zona radiata is quite thick and is traversed by fino pore-canzﬂs-
The micropyle is a minute opening measuring .0075" in diameter
IExternally the zona radiata is at first covered by a thick layer of ad-
hesive matter, which flows toward the points where the ezgs come int®
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Contact with a foreign body or with each other. At such points disk-
like hardened accumnunlations of the adhesive investment of the egg aro
Adeveloped, a8 shown in figs. 36 and 37, plate viii. The oil-drop in the
Vitellus is relatively quite large, as an inspection of the figures named
Will show, :

The blastodisk is also quite buiky in comparison with the bulk of the
y.e]k, as is indicated by the stippled areas, showing the blastodisk in op-
tica) section, in figs. 36 apd 37. When the blastoderm is developed
And has spead over one-half of the yelk, as shown in fig. 38, it is char-
acterized by its great thickness and its much swollen rim. The yelk is
also more or less constricted at a later stage by the rim of the growing
blastoderm, in the same way as shown in figs. 30 and 31. The embryo,

efore the tail begins to grow out, embraces considerably more than half
the tircamference of the yelk, Kupfter’s vesicle is also developed at
thig stage, or by the time the condition shown in fig. 39 is reached.

) In six days, with the water at o temperature ranging from 51° to 53°
I‘uhr., the young fish leaves the egg. Viewed as a trausparent object,
the Joung White perch at the time of hatching presents the appear-
ance represented in fig. 40, when it measures 2.3%= in length. No fin-
1olds nave ag yet appearcd and the head seems as if it almost formed
4 coutinuum with the yelk-sack below it. On the first day after hatch-
g considerable growth is made by the embryo, since it now measures
Somewhat over 3= in length. This stage is represented by fig. 41,
Plate ix. At the end of three days but little more growth has been
ade, as is shown in fig. 42, but after the young fish has been hatched
Ve or gix days, as shown in figs. 43 and 44, the head begins to project
for Ward. The oil-drop now occupies the forward part of the yelk-sack
and js ¢overed by cells derived from the periblast. Stollate pigment
Cells glgo begin to make their appearance at this time over the oil-drop,
a‘_“l a fow scattered ones develop on the sides of the tail and back part
- 9f the yelk-gack. '

During the later stages the yelk-sack becomes more elongated, and
the Jiver develops as a bud-like outgrowth from the ventral wall of the
mes.enteron. The rudimeunts of the pectoral fins appear as a pair of low

OTizontal folds of the larval integument some distance behind the ear-
“dpsules, The mouth is barely more than indicated at this stage of

eVelopment. The spawning season of this species is in April and
ilay.

XIII-*STIZOSTEDIUM VITREUM (MiTom.) JORDAN AND COPELAND.
( Wall-eyed Pike.) '

The €8s of this species measure nearly a line in diameter or nearly
The Shortly after hatehing, the embryo measures 5.-8“'m (scfs ﬁg. 45).
sitio DQCtpral fin is already developed and the oil-drop is anterior in po-

0 asinthe embryos of the preceding species.  The eggs and embryos

<~
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observed Ly the writer came from Northville, Mich., and were hatched
on the 15th of June, 1885, at the Central Station, Washingtou.

X1V.—SCOMBEROMORUS MACULATUS (Mitcmw) J. & G. (Spanish
Mackerel.)

Figs. 46 to 56, plate x, relate to this species and give a few drtails
of structure which it was not possible to work out by the methods of
study which I was obliged to pursuc at the time my first paper was
written, :

Fig. 46 represents a transverse section through the first cerebral
vesicle; the nasal pit is also cut through at na. Iig. 47 represents a
section through the mid-brain aund the origin of the optie nerves. A
segmental sense organ is also cut throngh just above the front portion
of the eye. Iig. 48 is from a section a little farther back than the pre-
ceding. Iig. 49 is a very much enlarged representation of a section
through one of the segmental sense organs, showing the columnar
character of the cells of the lower layer of the in teguinent in these struct-
ures. Fig. 50 is a representation of a scction cutting transversely
through the binder region of the midbrain and shows the course of tho
fibers of the optic nerves through the retinal walls. Fig. 51 represents
a cross-section through the fore part of the medulla oblongata ; a seg-
mental sense organ is also shown in section. Iig. 52 represents 3
cross-section cutting through the auditory capsule ax, with a segmental
sense organ, §s, below it; below the pharyngeal region, in the middle
line, the bulbus arteriosus and ventriele is ent throngh. Fig. 53 Teproe:
sents a longitudinal section of a young Spanish mackere! somewhat 0ff
the median line. Above the pericardial cavity pe the branchial and
hyomandibular arches are cut across. The heart It opeas directly, as in
fig. 56, into the space surrounding the periblast p, as I have elsewhero
described in the embryo of Glupea. The trabeculie cranii ¢ are seen t0
be feebly developed at this stage, as shown in boll figs. 53 and 56.
IMig. 54 represents a cross-section through the pectoral fin-fold p/, 1ho
yelk-sack, aud segmental ducts s@.  The periblast in this section is seen
to be well developed and contains nuclei. Fig. 63 represents a cross-
section through the tail of a young Spanish mackerel,a segmental sensé
organ having also been cut through. TIFig. 56 shows that the oil-drop 0y
at the posterior end of the yelk, is wainly enveloped by the periblast:
The intestine ¢ is cut through at several points, and the segmental duct
&d of one side is split lengthwise, the section passing through the urinary
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bladder of and the pronephric fuonel pn anteriorly. The chorda ch is
Sut through at several poiuts, and the floor of the pericardial cavity pe
;:’ ishowu to be very thin and continuous with the venous ond of the
|t . The latter, therefore, opens directly into the body cavity be-
‘md it, the body cavity itself being directly continuous with the
cleavage cavity of an earlier stage, the latter becoming the formerin the
¢ourse of development. Thbese sections were prepared from Spanish
ackerel embryos which had left the egg only about twenty-four hours,
a0d measured about 3™ in length.

Xv'“‘CH}E’l‘ODIPTERUS FABER (Brouss.) J. & G. (Angel-Fish;
Porgee, or Moonfish.)

hat\[:-he ova of this species are pelagic or floating in habit, in sea-water
Wl ing a specific gravity of 1.014. They hatch out in twenty-four hours
en the temperature of the water is 80° Fahr. This species spawnsin
© Chesapea,ke during the latter part of June and the early part of
ml::]D It is prodigiously fertile, the female probably discharging a
10n ovy during a single season.
‘~‘]=lsltle ¢gg weasures somewhat over a millimeter in diameter.. The
57 gdlsk will develop iudepend(ent]y of fertilization, as shown jn fig.
1.“; leavage is very rapid and it requires only about one hour to pass
M the condition shown in fig. 58 to the morula condition shown in
sg;ﬁgo- Fig. 59 shows the form assumed by the cells of the morula
t‘h(;’b’ and traces are also present of the subquadrate form assumed by
lastodisk at the time of the completion of the second cleavage.
.fter the blastodisk Degins to spread, the development of the mar-
L:‘l cells at its edge becomes very well marked, as shown in fig. 61.
Qxac;)]xl.drop, f?hO\VD in figs. 58, 60, and 61, remains for a time alnost
ryo ¥ opposite the center of the blastodisk, and later, when the em-
a shols. iO.I'med, it occupies a median ventral position in the yelk-sack,
enq of‘;;] in figs. 62 and 63, and is not finally shoved to the posterior
n g 10 latter, as in the embryo Spanish mackerel.
and'“'teen }Jours the embryo fish is fairly outlined, as shown in ﬁg:
m to 3"3 ?IPdrop becomes covered by thfs periblast in which nuclei
sty fe differentiated. At this stage faintly-colored pigment cells,
the 1(1) a rounded form, become developed on the body of the embryo.
OVerléger side of the tail Kupffer’s vesicle is als.o distinetly developed.
ment e blastodgrm, enveloping the yelk at this stage, faintly-colored
¢ thecells are discernible.
ing abouf,egd of twenty-four hours the youung fish leave the egg, measur-
16 embype -b™= in length. Sixteen hours later, as gshown in fig. 63,
8Teater Yo has grown about half a millimeter in leng.th, and the
Tous spal?aljt of t;h.e yelk has been absorbed, so that an lmmense Sc-
ing #), 1°° is left in front of the yelk, between the periblast envelop-
6 latter and the outer somatopleural sack. This wide space has

gin
'L
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been derived directly from the cleavage cavity. By this time the pig-
ment cells on the body and tail bave begun to aggregate in definite
groups, as shown in fig. 63, and the majority have also become dis-
tinctly stellate.”

Fig. 64 represents the recently-hatched moonfish. The body cavity
s¢, formerly the cleavage cavity, is already very spacious, as the yelk 18
being absorbed more rapidly than the outer somatoplieural envelope 0
the yelk is collapsing. This outer somatopleural covering of tho yelk
in this species, as in all young fishes, even Elasmobranchs, is quite ree
and is not fused with the periblast-splanchnopleure beneath it, The
oil-drop, it will also be noticed, is now invested by distinct cells of peri-
blastic origin, which have well-defined borders, and are more or les$
stellate. 1t also bulges outward, more or less distinctly, but it is easy
to sce that it is still invested by the yelk. The pectoral fin-fold appears
far behind the auditory involation in the stage represented by fig. 64;
it is somewhat more developed in the more advanced stage represonted
by fig. 63. The ventral fins appear quite late, as they were absent i
the oldest stages observed by me.

Twenty-cight hours after hatching, the young moonfish measures
3.0 in length, and presents the appearance shown in fig. 65, BEm-
bryonic fin-rays have by this time made their appearance at the end
of the tail; the pectoral fin is well developed, and the intestine 18
longer and the urinary bladder is larger. The yelk has also diminished
grea.t:ly' in size, and the mouth will soon be open. There is still no cow”
plete circulation, though all the principal subdivisions of the heart ar®
developed and that organ is pulsating vigorously. By this time traces
of a reddish pigment begin to appear on the upper and lateral portions
of the abdomen.

TFifty-three hours after hatching the young moonfish bhas grown
mainly in height of the body, as shown in fig. 66. The snout is very
blunt and declivous and foreshadows the form of the blunt, round¢
profile of the parent fish. The yelk is nearly absorbed and over the
abdominal walls there is now developed a strongly-marked group ©
stellate red pigment cells. A flexure of the intestine is also develop®
and the urinary bladder is very large and distinet. The pectoral is
strongly developed and a complete circulation is apparent, though tho
sorta bends upon itself and is continued forward against the caud?
vein ata point less than half the distance begween the vertical from 8¢
vent and the cnd of the tail. The pigment cells have also by this time
been more definitely aggregated into a definite band on the tail and 2
the integument above the pectoral. The young fish by this time mneas’
ures nearly 4™ in length.

I have scen some of the post-larval stages of the young of this spGcies
in Chesapcake Bay measuring from one-half to ono inch and a quarte’

_inlength. In theso tho transverse dusky bands scen in the adult ¢
intensely bluish-black in color. It is, therefore, obvious that the co¥™
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ation diminishes greatly in brilliancy with age. I have very strong
reasons to suspect that the larve of this species are phosphorescent at
hight.

XVI—GADUS TOMCOD WALB. (Zom-cod; Frost-fish.)

The eggs of this species of Gadoid are somewhat larger than those |
of the common codfish. The egg-membrane is rather thick and tough
and is covered externally by an adhesive coating of a mucine-like sub-
Stance which agglutinates the eggs together in masses, the latter being
very frequently, if not usually, attached to sea-weeds and stones at the
bottom of the littoral zone. The eggs are not polagic, like those of the
¢od, though there is a very conspicuous oil-drop in the vitellus ; as de-
Velopment progresses this oil-drop is pushed forward to the anterior
Dole of the yelk-sack.

When hatched the gape of the mouth is very much greater than that
Of the larva of the common cod. The intestine terminates at the margin
of the ventral fin-fold, instead of some distance from it, asin the larval
¢od, ay may Lo seen by comparing figs. 1 and 67. There is no integu-
Mentary vesicle or bulla developed over the head as in the young cod,
80 that the larval stages of this species differ very widely from its con-
gener, though both spawn in winter or during the colder months of the
Year. Pl larvee of the tom-cod are also more robust in build than

086 of the cod, and measure at the time of hatching very nearly, if
B0t quite, 5mm in length. ’

XVIL—CLUPEA SAPIDISSIMA WILSON. (The Common Shad.)

The interest attaching to the development of this species is two-fold,
Damely, that which appeals to the economist and that which appeals
wht-me biplogist. While the description of the morphological changes
» intICh this species undergoes during dgvelopment will be of immediate

othel‘eS_t on-ly to the latter, the former, if he be a fish-culturist, and not
- Crwise interested iu the life-history of the type under consideration,
s;,e);;mn perhaps derive useful information from what is to follow re-
valy lll)lg the manner in whlch. the perpetuation and development of this
Ilrova le foo_d-ﬁsh is accomplished. With the invention of greatly im-
b efl appliances, the hatching of this form from artificially fertilized
. ITiT]Ei; I8 now accomplished to the number of perhaps fifty to seventy
COm&US anuually along th9 Atlantic slope, reckoning in this total the
'ﬂissioned efforts of the' United .States and the different State fish com-
‘ ermens of the (ioa,stms? St'a,tes. CFhe species iz anadromous and quite
9 00,0 a smgl:a female yielding during the season, if unmolested, about
mai’nl Off"d- .J'Jhese ova are probably discharged in sht_)a,l water and
Al)rilyaa dter night-fall. Spawning occurs during the spring months of
ington d May, and as late as June and July in the latitude of Wash.

and Baltimore. ‘
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The freshly-extruded cgg of the shad is of a very pale amber color;
and is invested by a very much wrinkled zona radiata, as shown in g
68. At this time, if the egg is allowed to lie on a plane surface, it8
form is considerably flattened, and its outline from above is subquad-
rate and irregular. The freshly-laid egg, if examined with a low power
of the microscope, is found to be very closely invested by the zond
radiata z, fig. 69; immediately below the zona lies the cortical layer
cl, in which numerous minute rounded bodies or corpuscles are imbedded-
This cortical layer of plasma also sends down into the yelk thin laminar
prolongations of itself which envelop the large yelk masses y into which
the body of the vitellus is subdivided. Immediately after the ova ar¢
brought into contact with the sperm or milt of the male shad a great
change in their appearance occurs. This change consists mainly of the
distension of the wrinkled zona with water, a8 a result of which the ege
becomes spherical, its bulk at the same time becoming about seven times
greater than in the unimpregnated state. This change may occur it
the presence of water without the ageucy of imprognation, but it is then
not apt to affect all of the ova in this way. As a result of the disten-
sion of the zona radiata or egg-membrane, thoe latter is lifted up from
contact with the surface of the vitellus so that it lies quite free in its
spherical envelope with a wide space all around it, as shown in fig. 70,
in which the vitellus is shown as an oval black dot and the contour of
the egg-membrane as a simple circle. This § gure represents the cgg of
the shad of the natural size with the vitellus lying in the lower half of
its envelope.  'With the further progress of development no additional
distension of the egg-membrane occurs, but during the whole of the
time the space surrounding the egg or embryo remains the same, as may
be seen by reference to fig. 101, plate xvi ; figs. 126 and 127, plate
xviii; and fig. 136, plate xix.

Upon the impregnation of the egg, which is effected by the entrance
of a spermatozodn through the single minute pore or micropyle, which A

- admits of the passage of the male element to the vitellus from the out
side through the zona, a germinal thickening of the cortical layer or
blastodisk is rapidly developed. In its natural position in the zond
the vitellus of the shad, surrounded by its envelope of germinal matter
assurnes the form of an oblate spheroid or that of a somewhat flattene
sphere, when viewed in optie section, as shown .in figs. 71, 72, and 73.
At first there is no blastodisk present, but a few minutes after impreg”
nation the cortical layer at oue side of the ovum becomes perceptibly
thicker over one pole of the vitellus by the concentration or aggregatio?
of its substance at that point, as shown in profile in fig. 71, and fro.
above in fig. 75. The substance of the cortical layer becomes slowly
‘heaped up after impregnation into a depressed conical mass at one Pole
of the vitellus, as shown in figs. 71, 72, 73, 74, and 76. Normally, t.lle
blastodisk is lateral in position when the egg is at rest. From its 1%
ferior side strands of protoplasmic matter pass down between the 1arg®
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Vitelline masses into which the yelk is subdivided. These strands of
Plasma radiate from the under side of the blastodisk into the yelk some-
What in the same way as the roots of a plant radiate from the base of
lfs Principal stem into the surrounding soil, as is shown in figs. 71 to
a8, Inclusive, plate xiv.

In the course of about fifteen minutes aiter fertilization, 1 have sev-
eral times witnessed the expulsion of the polar cells from the develop-
'ng blastodisk of the ovum of the shad. A distinct prominence is first
de"eloped near the center of the thickening of the cortical layer, as
sho.wu in fig. 74. At intervals of a minute or so apart, the changes
:"hlch that prominence uudergoes I have represented in fig. 79, a, b, ¢,
c} e_,f- The two polar cells at first lie close to the surface of the in-

Plent disk; Iater, they remain adherent only by a slender filament
of brotoplasm, as shown at ¢. Finally, they are detached from the
d:flm’cn‘t, as shown at d, and at last the filament itself is slowly with.
n (‘)“‘ 1 into the cortical layer, disappearing entirely at a stage a little
are‘“‘; advaneced than that shown atf The pqlar cells in this species
B“rrlnal]y detached, and seoqn to (}mmtegrute 1}1 the large water space
of t]0umled by tlu? 20N, apd in which the egg heg. Su'ch a detachment
as d’fﬁ polar (}ells is not without precedevnt., for BlSFZhOﬁ represents them
obs ¢tached in the segmenting ovum of Man.nnal:a, and I h.'(we myself
m(;l‘lérVed their detachment from the segmenting ova of Nudibranchiate
o usks, and saw them drop into the perivitelline spuce just as seems

© the case in Clupea.

75‘“ the end of about half an bour, with the water at a temperature of
mhl’“tthe blastodisk is formed, and at the end of one hour and twenty
Vi ®s the first cleavage furrow has been formed. This furrow di-
% the blastodisk into two equal conical masses, as shown in figs.

p ,a; 8, and 80. These figures represent the cleavage in its most active
Dro;n(;’ When the plasma of the d-isk is heaped up into two remarkably
sulg o;‘]ent blunt cones. .The disk becomes much e]ngated as a re-
Bateq \‘the (l‘evelopmcnt of the .ﬁrst, clana-ge, nor does it lose its elon-
fnrro“; Quarish form for a conS}derahIe time after the se(‘:ond cleavage
5 in 18 _(l.eveloped,.a.s fshown m fig. 81, from above, and in figs. 82 and
ent sf:r;’hle. Certain irregularities of cleavage are sometimes appar-
Stead 0(;‘ lfns the development of five cells in the disk a't this st@ge,.ln-
IS reppy our, or th‘e normal number, An abnqrmal disk of this kind
ot sent(?d In fig. 83. The second furrow is devcloped about two

S after fertilization.

co sl)((;fl'l ttlhe advent of the third set of furrows, which divide-the four
eigh cellml S?St §tage transversely, the blastodisk is subdi\.uded into

, and 8§ ying in Fwo parallel rows of four each, as shown in figs. 86,

1e secon 1 ‘The third set of furrows appears about half an hour after
orty I‘nin( cleavage l.ms been completed. In the course of the next

asseq OvUtes the thirty-two celled stage of segmentation has been
Cry as represented in figs. 84, 89, and 90. Tha morula condi-
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tion is now entered upon, but its development is not completed until
about four to five hours after fertilization. Consequently, the next
change which the blastodisk undergoes is the furtber subdivision of it8
component cells. Just after the stage represented in fig. 90, the blas-
todisk becomes divided into two layers of cells, as shown in fig. 91
At about this time the nuclei of the periblast become sundered from the
nuclei of the cells at the edge of.the blastodisk. The morula stago is
finally completed when the scgmented blastodisk assuines in scction
the lenticular form represented in figs. 92, 93,and 95; nuclei are already
apparent in the periblast of the latter. .

Immediately succeeding the morula stage comes the blastula condi-
tion, when, for the first time, the blastodisk becomes markedly lifted up
at its center from the underlying periblast. As a result of this lifting
up of the middle of the blastodisk, which at the same time Lecomes
thinner in the center, a space appears under its central part, known 28
the cleavage cavity, as shown in figs. 137 and 138, plate xix. The
duration of this phase of the blastula is brief and is alinost immediately
followed by the gastrula stage. ' ,

The advent of the gastrula stage is characterized by the inflection of
the margin of the blastoderm. This becomes greatly thickened at oue
point at its margin, or where the future embryo will be formed, 28
shown in optic longitudinal section, in fig. 137, at s, as a swelling-
Other views of this stage are also given in figs. 138 and 139, A¢ this
time the cleavage cavity has a kidney-shaped outline as viewed from
above, but it soon becomes somewhat crescent-shaped, as in fig. 140,
for the swelling s of the previous stages is extending inwards to form
the embryonic shielde. In sagittal, optic section this samne stage is rep-
resented in fig. 141, with the egg in another position. Doth these last
figures were carefully drawn from micro-photographs.

The gradual advance of the blastoderm over the vitellus is repre:
sented by figs. 140 and 141, plate xix; fig. 96, plate xv; figs, 118, 119,
and 120, plate xvii; and in figs. 98, 101, and 102, when the yelk-blas:
topore or protostoma of the egg of the shad may be said to have closeflf
the margin of the spreading blastoderm being considered the margi®
of the gastrula mouth and the whole yelk as hypoblast, togcther with
the formative hypoblast &, as shown in figs. 96 aund 118, Such an ar"
rangement causes the gastrula mouth from o to o to be greatly expa.nded
or widened in order that it may embrace the greatly hypertrophié
hypoblast with its inclusions of passive deutoplasm. )

Before the blastoderm of Clupea Legins to spread a well defined thin
cuticle or epidermis is developed over its whole surface, composed of &
single layer of squamous cells, as shown in fig. 95. This is the first
differentiation of tissue layers which occurs in the blastodisk of the
ovum, aside from the formation of the periblast. As a result of the
inflection of the margin of the blastoderm, the hypoblast and epiblflst
are developed, the former from the inflected stratum of cells, %, and tho
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latter, ¢, from the epithelial and immediately underlying cells of the
disk. From these two primitive organs all thosc of the young shad
25'1‘ ¢ evolved by further differentiation, folding, expausion, invagination,
c.
The central nervous system is developed wholly from the epiblast.
bis will be rendered the more obvious from a glance at figs. 1006 to 108,
Tepresenting transverse sections through the embryonic axis of an em-
bryo shaa represented in fig. 101, plate xvi. The spinal cord N in
thesq is shown to arise as a thickening of the layer ¢, and extends the
Entire length of the body at this stage, and is here characterized by its
8olidity, as in the embryos of all Osseous fishes and the Lampreys.
uring a later stage the cord N becomes separated from tho layer ¢, a8
'S 8hown in cross-sections (figs. 109 to 112) of a much later stage, viz,
that shown in fig. 126, though the sundering of the embryonie spinal
ord from the epiblast in reality occurs considerably earlier, or by the
me the stage represented in fig. 103 is reached.
As the blastoderm spreads, the portion e, fig. 140, lengthens to form
¢ embryo, the component layers of the latter, fig. 96, ¢ and %, be-
“Oming much tbickened in the vicinity of the median longitudinal
Plane,  Jorom the inferior thickened part of the inflected band of tissue
by the chorda ch, figs. 106, 107, and 108, is formed, together with the myo-
asts or myotomes on either side of the chorda, as dorsal outgrowths,
fig. 97, M M M, of the primitive hypoblast k. These rudiments of the
Usculature of the body in the embryo shad are not hollow, as in Bran-
ch?o&tama, or composed of two layers forming the inner and outer walls
of the series of myoblastic segments, as in LKlasmobranchii. They are
Orefore not clearly defined paired arcbenteric diverticula or gut
I’Ollches, but their solid condition is probably due to an abbreviation of
€velopment like that which has affected and retarded the appearance
1{0 cavity of the spinal cord and brain and that of the intestine.
@ Inferior part of the layer &, in fig. 96, gives risein the middle line to
'@ Intestine 4, as shown iu figs. 106 and 107. The lumen of the intes-
s‘:“} canal appears very slowly, and at first is a were pore in cross-
ctmns, as shown in figs. 109 to 112 at . During the carly stagesthe
'YPoblastic band which gives rise to the intestine is thickest at the
ggstcrior end of the embryo, and gradually thins out and widens as it
Becf'nds toward the head. This is rendered obvious upon comparing a
one 101 near the tail end of the embryo, fig. 111, with a more auterior
> fig, 109, from the region of the back part ol the medulla oblongata.
; : lumen of the intestine in this anterior region is also no longer pore-
» but, flattened, cleft-like, and transverse.
i A(t' % slightly earlier stage than is shown by the scctions rc'prcsent_cd
o TS-VIOG. and 107, the chorda ck is found to be united inferiorly with
anq ;3 L' % which gives riso to the intestine. ~The chorda, myotomces,
_ 1€ mtestive are therefore to be regarded as ditferentiations of the
ayer J in, figs. 96 anq 118.
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The myotomes gradually increase in number, and at the time the blas-
topore closes but three or four are visible, as shownin fig. 120. Some-
what later more are added behind those already formed, as shown iD
figs. 98, 101, 102, 103, 123, 126, 127, until the full complement is devel-
oped, as shown in fig. 151.

Of the sense organs, the optic lobes, from which the eyes are formed,
are the first to become developed. These appear as a pair of latera)
elongated thickenings of the epiblast at the frontend of the embryonic
axis. TFour stages of the differentiation of the optic lobes are showi,
as viewed from the above, in figs. 114 to 117. These phases of the de-
velopment of the eyes and head may be readily connected with the more
advanced ones represented in figs, 113 and 128.

The gradual extension of the cleavage cavity sc under the growing
blastodisk may be traced by reference to figs. 137,138,139, 140, 141, 118,
119,120, 121, 98, 102, 103,122, 126, and 127. After the entire yelk is cov-
ered by the blastoderm the only cellular membranous covering invest-
ing it externally is the extremely thin epiblastic membrane e, shownl
in section, fig. 121, and between this and the periblast.p of the same
figure the cleavage cavity sec is included ; this again being directly con-
tinnous with the body cavity be on either side of the intestine i. This
relation of the surrounding parts to the cleavage cavity demonstrates
very conclusively that the membrane e, in fig. 121, must be the soma-
topleure, while the periblast p must undoubtedly be homologized with
the splanchnopleure. The vascular network developed over the peri-
blast and in intimate connection with it, in the ova of many species of
fishes, is also splanchnopleural and homologous with the area vasculos®
or omphalomeseraic meshwork developed over the yelk of higher forms.
Of the correctness of this homology I think there can scarcely be any
doubt whatever.

The yelk of Clupea, and of Teleost embryos generally, it may therefore
be said, is intra-abdominal; it is excluded from direct connection witht
the intestine, but remains adherent to it for a considerable time by its
inferior face, through the intermediation of the periblast immediately
underlying the intestine. The yelk is almost naked were it not for the
thin syneytium, kuown as the periblast, and which, on the lower and
lateral portions of the yelk, can hardly be considered to rank as a true
membrane on accouut of the widely-scattered or diffused nuclei it con-
tains, The splanchnopleure (= periblast) of osseous fishes is therefore
rudimentary or very feebly developed over the vitellus, so that the lat-
ter may be considered to be intra-abdomina.l, not only because there
is no umbilical stalk developed, but also because it is very imperfectly
inclosed by the splanchnopleure.

The chorda is unusually well developed in Clupea and forms a mas-
sive axial rod at the time of hatching, as shown in cross-section ab
ch, fig. 121, and for its whole length in fig. 148, Derived as already
stated from the median dorsal part of the hypoblast, it retains its coD”
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Dection with the last-named layer longest at its posterior extremity, as
shown ip fig. 98. After the tail begins to bud out, however, its inti-
nate connection with the hypoblastic layer is broken, and it then termi-
Dates after becoming somewhat enlarged in the cellular terminal mass
n which the lateral myoblastic m, neural %, and post-anal section of the
8ut ¢ terminate, as shown in cross-section in fig. 104, and in vertical and
t}‘ansverse optic section in figs. 103 and 113. The histological differentia-
tion of the chorda has already been described by Kupffer, Kowalevsky,
and others, so that there is no occasion for me to redescribe it, as it takes
Place in very nearly the same way in the embryos of all Chordata. The
Cells of the chorda of Clupca are, however, unusually large and contain
Very Spacious cavities, in which no coagulable albumen is present.
The later stages of the development of Clupea involve mainly the
Completion of structures, the rudiments of which were laid down during
he evolution of the stages already described. .
. The renal apparatus of the larval shad is extremely simple, and con-
sl_sts’ at the time the tail begins to bud out, of a pair of parallel tubes
Werentiated from before backwards from the outer portions of the
Mesoblast at the time it splits into somatopleure and splanchnopleure.
tme 8egmental ducts sd finally lie just above the somatopleural peri-
leum and extend from a little way behind the pectoral plate pp, fig.
3, or the pectoral fins, fig. 148, to a point just behind the vent where
0uety debouch into a common cavity, the urinary bladder which opens
Ward behind the vent. At their anterior extremities the segmental
O;I:FS terminate in a single nephridial funnel which opens into the body
inwlty’ the mouths of the pair of funrels being directed backward and
th ard, so that the anterior extremities of the ducts are bent upon
®selves in the form of a shepherd’s crook. :
Cag‘tli]]e d‘evelopment of the cranium is not precog:ious, and itg primary
Mot ag ln'ous elements are not very apparent until after hatching. The
the 1, ObVl().l'lS portions are the trabeculm T», figs. 142, 143, and 144,
DOSedl‘imclual bars 4, i, ¥, 4v, and », and the hyomandibular arch, com-
v, M f)f the hyomandibular Hm, interhyal Ih, quadrate (Q, symplectic
auzl G;Ckel’s cartilage Mk, and the cerato- and glosso-hyal element's Ch
veg teL The a,l.lditory vesicles Au are quite large, but are .not entlrel.y
- d by cartilage; only the outer and inferior aspects being closed in
I‘epaiond.nﬁed tissue, as shown in cross-section in fig. 147, which was
Nenr] red from a larva about six days old. Fig. 144 represents a very
Iul‘va.y {nema,l.longitudiua,l section through the head of a just-l.lat}ched
mj ddie]il' which the positions of the cranial cartilages crossing the
 1D6é are indicated. Fig. 143 represents the cranial cartilages
o I_Zhg.hﬂy older larva constructed from a series of sections. Fig.
i lI)tll(:lsientsx the. cranial cartilages of a still more advanced larva, in
stmngl ¢ antorbital process 4o and trabecular rostrum I are moro
Y developed. The branchial and hyomandibular arches have

alg
° Teached a considerabl y greater development than in the preceding

of 5



530 . REPORT OF COMMISSIONER OF FISH AND FISHERIES. [42]

stdge, while the anterior end of the notochord has become. more com-
pletely covered by the parachordal cartilages. This inclosure of the
anterior extremity of the chorda by the parachordal elements pais more
distinctly displayed in figs. 146 and 147, plate xxi, drawn from cross-
sections of the same stage as that represented by fig. 142. The teg-
men cranii T, fig. 142, is not developed durin g the earlier stages, shown
in figs. 143 and 144. The palatopterygoid is not present until the stage
represented by fig. 142 is attained, or perhaps even later. An element
which I identify as palatopterygoid is present in the cross-section rep-
resented in fig. 145, and has been cut through just below the eye at pt-
This element, at any rate, seems to De developed quite independently
of any connection with the hyomandibular. ‘

The heart at the time of hatching opens directly into the cleavage
cavity (=body cavity), as represented in fig. 144, and it is not until
some days after hatching that connection is established between its
venous end and the jugular and portal veins jj’y and pv, as shown in
fig. 152. " The yelk seems to be absorbed by the heart and portal ves-
sels, which pass above it, and its anterior end is finally drawn out into
a pointed process, which is directed toward the heart, as shown in fig
152. I have witnessed the budding of free cells from the periblast
in the stage represented in fig. 144, and have, also, seen such cells pass
directly into the cavity of the heart, though there was, as yet, no com-
plete circulation. ’

The other visceral organs are differentiated as appendages of the
alimentary canal. The first and most conspicuously developed is the
liver I, figs. 133, 148, 150, and 152, it being formed as an outgrowth
of the ventral wall of the intestine. Just a little distance behind the
posterior extremity of the liver, the alimentary canal is constricted at
py; this marks the point just behind which the pyloric appendages will
grow out. Just in advance of the pyloric constriction,\ and on the dor-
sal side of the m@sophageal portion of the alimentary canal, the air-blad-
der grows out as a saccular diverticulum of the intestinal wall at ab, fig.
133. The first traces of the air-bladder do not appear until some days
after hatching, and the same may be said of the gall-bladder Gb, ﬁg.'
133, which is formed at the anterior end of the liver. In the course of
about three weeks the metamorphosis of the visceral organs is nearly
completed, as may be gathered from fig. 131, as this figure represmlﬁ's
the pneumatic duct pn, posterior end of the msophagus oe, the rudi-
mentary stomach s¢, and the pylorus py of a young shad nearly an inch
long and three weeks old, reared in confinement. There are still no
pyloric czca, but the permanent form of the alimentary tract of the
Clupeoids is already very clearly apparent.

We may now review the principal and most striking changes in X-
ternal form which the young shad undergoes within the egg. Starting
with the phase represented in figs. 137, 138, 139, 140, and 141, whe?l
the first trace of the embryo beceoes obvious at one side of the blasto
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derm the embryo is finally quite distinetly outlined when the stage
Tepresented in figs. 101 and 102 is reached. A little later the tail be~
gins to bud out as shown in fig. 103, Later still, and usunally by the
end of the second day, the young fish has reached the condition repre-
Sented in fig. 126. Somewhat later the stage represented in«fig. 127
I8 attained. The yelk is still quite large at this time and the peritoneal
Or segmentation cavity sc is obvious. At this time the horizontal folds
Which giverise to the pectorals appear, as shown in fig. 128 from above
and in diagrammatie section in figs. 129 and 130, A more advanced
8tage of the development of the pectoral fin is represented in fig. 134,
at.which time it begins to be rotated on its own base. As a result of
thig rotation, its posterior or metapterygial border becomes directed
downward, while its anterior or propterygial border is directed upwards
Or dorsally. Shortly after the stage represented in fig. 136 is reached
the young fish leaves the egg. By the time this stage is reached the
mouth ig open, but there is no open or free passage through the cesopha-
g"f’- The gill and hyomandibular arches are obvious, though the bran-
Chial clefts are still very narrow. After hatching, as shown in fig. 149,
tt_‘e tail of the larva is perfectly lophocercal and shows no well-marked
Signs of heterocercality until some time after the absorption of the yelk,
) Le larva now measures 10®= in length, Tig. 148 represents a stage
d!’(’ut two days older than that shown in fig. 149, and in which the
g'n‘m‘ches and jaws are more fully developed, so that the mouth is
rgen-ed and closed voluntarily by the young fish. A feeble branchial
N Spiration is established about this time. The auditory vesicles are
OW fully @ifferentiated and the semi-cireular canals, otoliths, and audi-
1?;:)5' end.organs of the seventh nerve are developed as shown in fig.
}0;- '.l‘w0 pairs of recurved teeth have also been developed in the
Cr Jaw at this stage.
o gt the end of about the fifth day the yelk has been alinost entirely
remofhed; only a gmall fusiform mass of vitelline matter, ¥, fig. 151,
Warzmé anfl causes the ventral wall of the abdomen to bulge c.lown-
prolj ? behind the pectoral fins. By this time the mesoblast begins to
erate into the median dorsal fin-fold to form the foundation of
hz }])el‘manent dorsal, as indicated at the base of the widest portion of
l)()&tQO_rsa.l fold in fig. 1561. On the thirteenth day a decided notch at t;he
in udl‘lor end of the future dorsal, as shown in fig. 133, marks the point
one t(‘)'mlce of w}xich that fin will bp formed. In the course of. twenty-
Mmorpl, t‘f’enty-elght days the young shad has about completed its 'meta-
all of t(l)sm’ when it is still much slenderer than the adult, t,houg!x it has
and o1, 10 ﬁm? developed, even the ventrals, which grow out quite late
ang :1 n0ut nndway between a vertical passing through the pectorals
- $hagq itgltcher passing through the anus. In six months thelarve of the .
SGCts’ & €pt where they can find an abundance of small crustacea, in-
that ’s i ¢, will grow to a length of 4} inches. By the time they rcach
aﬂpperu:? t:,hey aro readily recognizable by their external characters as
ning to this species. :
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The gill-clefts remain uncovered for a long time, as shown in figs.
150, 151, and 153, but by the twenty-first to theé twenty-eighth day the
opercular folds bave grown to such an extent that the clefts and gills
are quite concealed from observation externally. When the fish reaches
that stage of development it measures 22om in length, or not far from
an inch, and has a heterocercal tail in which the permauent rays are
well developed, as they are in all of the fins except the ventrals. Tho
first obvious intimation of heterocercality in the larval shad appears on
the seventeenth day, as shown in fig. 150, representing a rather stunted
larva measuring 14" in length. The food during the later larval stages
‘does not accumulate in the stomach, but accumulates in the intestine 7,
just behind the pylorus, as shown in fig. 150. It is only after the youug
fish acquires mobility of its jaws that it begins to feed, and after the
small teeth already mentioned have appeared; indeed, the larva about
this time occasionally become so ravenous that they have been known
to attempt to eat each other, and finally strangle in their efforts at con-
summating cannibalisin.

The temperature at which the ova of the shad develop normally ranges
from about 55°, or perhaps slightly less, up to about 800 I'ahr. Experi-
ments made to determine the lowest temperature at which normal de-.
velopment would take place gave some very interesting results, It was
found that at a little below 520 Fahr. abnormalities of various kinds were
sure toappear. Some of these I have tigured from micro-photographs
on plate xviii. TFigs. 122 and 123 show how the development of the
tail and notochord was impaired when the embryos were subjected to @
temperature ranging from 45° to 48° Fahr. Fig. 124 shows how the
development of the blastodisk became impaired when subjected to the
same low temperature.

A great variation in the period of hatching of this species is caused
by variations in the temperature of the water during the hatching sea-
son; for example, at 74° Fahr. hatching occursiin about seventy hours;
at 64.50 Fahr. in one hundred and nine hours; at 57.20 Fahr. in one hun-
dred and forty-eight hours or over six days. 1 have known it to requireé
seventeen days for the ova of the shad to hatch when the average tem-
perature of the water was 53.75° Falr. In ordinary pleasant spring
weather the eggs usually hatch during the third or fourth day after
fertilization.

The first paper of note on the development of the shad was published
Ly the late Prof. L. J. Rice* in 1878. Since then the writer has pub-
lished additional observations*’ on the development and the retardation
of the development of the eggs and on the feeding*® of this specifi-

s, J. Rice. Notes upon the development of the shad (Alosa sapidissima?). Re-
port of a Commissioner of Fisheries of Maryland, Jannary, 1878, pp. 95-106, pl. vi.

4J. A. Ryder. On the retardation of tle development of the ova of the ghad.
Bull. U. 8. Iish Com., i, 1881, pp. 177-190 and 422-424,

#J. A. Ryder. Qbservations on tho absorption of the yelk, the food, feeding, and
developnient of embryo fishes. DBull. U. 8. Fish Com,, ii, 1882, pp. 179-205. One fig-
ure in text.
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The illustrations accompanying the present note on the dovelopment
of Clupea sapidissima have been drawn in part with the camera lucida at
various times during the last five years ; a number are redrawn from a
series of very successful micro-photographs made by Mr. T. W, Smillie,
under the direction of the author. :

XVIIL.—IcTALURUS ALBIDUS (Lt Surur)J. & G. (White Cat.fish;
Channel Cat of the Potomac.) :

I have already given a short account of the development of this
Species elsewhere,® but as-the many remarkable phases presented by
lt_s larvy) growth cannot be understood without illustrations, I will now
give 4 fuller and more detailed description, with such figures as are
Teady for publication. .

A number of individuals of this Siluroid were brought from the Poto-
lae River to the Armory Building in the spring of 1883, and deposited
8 the large aquaria in that institution at about the close of the shad-
hat“hing season of that year. One pair of these fishe§ afterward
SPawned while in confinement, and thus afforded the writer the oppor-
tll‘nity of observing and describing some of the more interesting phases
of deVelopmeut of this singular family of fishes. There has hitherto

®en little attention paid to the development of this type, probably
ifl(t)m the lack of opportunity ; and these notes may therefore prove of
erest to naturalists. The literature of the subject is scanty; aud,
eSi.des a paper by Jeffries Wyman ® on the development of Aspredo
w?ls and Bagrus, I know of no separate cssays on the development of
ofl;‘ Eroup, exceps some remarks in Giinther’s Int‘ir(.)ductiou to the Study
dia. Eh-es’ and in his article Iechthyology, ninth edition of the Incyclopea-
rtannica, on the development of Arius. An egg of this genus is
l')e(;m figured in an advanced state of development, from which it ap-
Pl'l‘s ‘that; this form is very similar in its embryological features to
Ou:t?‘lzlchthg/s, some ova of which are in 1wy possession, mea.§u1'ing three-
5 0r£ 8 Of. an inch in their longest and five-eighths of an inch in their
nale est diameter. Arius and Zlurichthys are mari&xe forms, and the
ora] s‘ll‘«}\'e the babit of ca.?rying t}le ova in the hinder part of the
ma'rhc:wlty or branchial region until the young are hatched. These
in “I’L Species, however, have on}y a few very large ova so concealed
ifie &Ulouth of the male at one time. They are probably far less pro-
an the species the development of which is about to be described.
s;:s‘a(lplts were kindly identified for me by Professor Gillz .lts habits
on )ev‘r'ung and care of the young are proba:bly clmrz_lcterx.stlc of :?ll 9f

o 1.1 Cles of the genus, of which there are said to be eight found within
e 'mits of North America. ‘

P J. A. Ryder, Preliminary unotico of the dovelopmel;t and breeding habits of the

Oto sas .
p. 2’;;f2§(i)l.t-ﬁsh, Amiurus albidus (Le Sueur) Gill. Bull. U. 8. Fish. Com,, iii, 1883,

b0 g
XXvii w?"”‘m- On somne unusual modes of gestation. Am. Journ. Arts and Spicnces,
1839, pp. 5-13,
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On the morning of the 13th of July, alittle after 10 o’clock, we noticed &
mass of whitish eggs in one of our aquaria inhabited by three adult speci-
mens of Tctalurus albidus, two of which were unmistakably the parents of
thebrood, for thereason that they did not permitthe third one to approach
near the mass of eggs which one of them was watching vigilantly. One of
the individuals remained constantly over the eggs, agitating the water
overthem with its anal, ventral, and pectoral fins. This one subsequently
proved to be the male and not the female, as was at first supposéd. The
female, after the eggs were laid, scemed to take no further interest-in
them, the whole duty of rencwing and forcing the water through the
mass of adherent ova devolving upon the male, who was most assidu-
ous in this duty until the young had escaped from the egg-membranes.
During all of this time, or for a period of about a weelk, the male was never
seen to abandon his post, nor did it scem that he much cared even after-
wards to leave the scene where he had so faithfully labored to bring
forth from the eggs the brood left in his charge by his apparently care-
less spouse. The male measured 15 inches in length, the female a fourth
of an inch more.

On the 30th of June, or when the young were seventeen days old, it
was determined to make an examination of the internal organs of both
parents, which was done in the presence of Professor Gill, to learn which
one of the parent fishes it was that had acted as nurse. Fortunately
there was considerable difference between the two in color; the female
had also lost a part of one maxillary barbel, so that it was easy to dis-
tinguish the two fishes apart. The darker specimen, with the broader
head, we found was the male, which, as already stated, had acted a8
the nurse. Upon cutting him open and removing a portion of the milt
or testes they were found as a lobulated pair of organs, lying one on
cither side of the mesentery and depending from the dorsal wall of the
abdominal cavity. The lobes of the testes were digitate. Upoun com-
pressing fragments of the testes under the microscope, active sperma-
tozoa were passed out. "The spent roe or ovary of the fomale was &
paired organ, the right and left sacs of which were joined together pos-
teriorly. The ovarian lobes or leaflets were disposed transversely iZ
the sacs.

The mass of ova deposited by the female on the 13th of July in one
corner and at one end of the slate bottom of the aquarium measured
about 8 inches in length and nearly 4 inches in width, and was nowhere
much over one-half to three-fourths of an inch in thickness. There weré
probably 2,000 ova in the whole mass, as nearly as could be estimated-
The singlé ova measured about one-sixth of an inch in diameter a shor t
time after oviposition.

The ova were covered w1th an adhesive but not gelatinous envelop®
'so that they were adherent to the bottom of the aquarium and to each
other where their spherical surfaces came in contact, and consequently
had intervening spaces for the free passage of water, such as would be.
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found in a submerged pile of shot or other spherical bodies which had
been piled in a heap. It was evideut that the male was forcing fresh
Water through the interstices in this mass of eggs by hovering over it
and vibrating the anal, ventral, and peetoral fins rapidly.

All of the ova left in the care of the male hatehed, while about one-
half of tho mass which he had detached from the bottom of the aqua-
rium on the third day, during some of his vigorous efforts at changing
the water, were transferred to another aquarium, supplied with run-
bing water, and left to themselves. Those which were hatched by the
artificial means just described did not come out as well as those left to
hateh under natural conditions. Nearly one-half of the former failed
to hatch, apparently because they were not agitated so as to force fresh
Water throungh them and kept clean by the assiduous attentions of the
Male parent.

The eggs measure about one-sixth of an inch after the large water
8pace is formed, which is normally developed in this, as in the ova of
other fishes, after fertilization, the zona radiata being lifted up some-
What from the vitellus. The vitellus measures one-cighth of an inch in
diameter. The egg-membrane is double, that is, there is a thin inner
Wembrane representing the zona radiata, external to the latter and
Supported on columnar processes of itself which rest upon the inner
membrane; there is a second one composed eutirely of a highly elastie
Ahesive substance. The columns supporting the outer elastic layer
I‘fast on the zona and cause the outer layer to be separated very dis-
tlnctly from the inner one. It is these elastic columns and the elastic
Outer adhesive membrane which permits the adult fish to shake and
'00ve the mass of ova so violently without injury to the embryos in
1’1_'Ocess of development within. This peculiar double egg-membrane,
With a well defined space between its inner and outer layers, is highly
ch111‘:1\':teristzic, and Dbears no resemblance to the thick, simple zona in-
Vesting the egg of Allurichthys, nor has anything resembling it ever
¢ fﬁn described, as far as I am aware, in the ova of any other Telcos-

2an, ,
m:l‘l.le germinal disk was formed at the upper pole of the vitellus im-
o‘fdlately after oviposition and gradually spread in the usual manner

T the lower pole of the opaque, whitish, granular, vitelline globe.
::1 ?he early part of the second day the body of the young fish was dis-
angtlly outlined and the tail had grown out to a considerable length,
fo ltrt;leﬂn-‘e the body of the embryo had encircled much. more thzin one-
155 of the circumference of the vitellus, as shown in figs. 154 and
seco\the ﬁrst-ﬁgure being drawn from a hardened embryo of.' ?;he
emb:(ll da_y, viewed as an opaque object and the second from a living

. YO of the same age, viewed as a transparent object. On the third
.4, the tail of the embryo had acquired considerable length, as shown
ﬁg. 1569, and its free extremity was moved from side to side grace-

t
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fully and rhythmically through the contents of the water space sur-
rounded by the zona.

The water space from the first was filled with an immense number of
free refringent but very minute corpuscles, which made it difficult to
make out the form of the embryo during the early stages, unless the
zona was first removed. These corpuscles were not of the nature of
blood cells, and seemed to become less abundant toward the close of
the period of development within the egg. So abundant were these
corpuscles at first, coupled with the opacity of the vitellus and the
peculiar whiteness of the germinal matter, that even an experienced
observer would be led to-suppose at first that all of the eggs were
bad, having the ‘rice-grain” appearance of blasted shad ova. The
corpuscles mentioned are visible in sections of the entire egg of Ic-
talurus, and are very abundant in the water space forming adherent
masses. In life the movements of the tail of the embryo cat-fish whirl
these corpuscles about in the water space in clouds, so that it seems a8
if a whitish sediment was being constantly stirred up within the egg-
membrane. The presence of vast numbers of such bodies of plasmic
origin within the egg-membranes of Teleosts it seems had not been ob-
served in any other form up to the time that the writer had published
his observations on the development of the cat-fish. Recently, however,
it has been found by Solger®! that thoy are present in the water space
of the ova of other species, especially of Leuciscus rutilus. These
corpuscles becoming less abundant toward the close of the hatching
period is very probably to be accounted for on the supposition that
they are taken up and appropriated by the epiblastic tissues of the em-
bryo by a process of intracellular digestion.

On the third day the vascular system begins to be evident, and the
heart &, figs. 156 and 157, is extended forward beneath and in advance
of the head over the anterior cnd of the yelk, A pair of vascular arches
(Cuvierian ducts) are soon formed just in advance of the rudiments of
the pectorals. These vessels grow outward and split up into vitelline
capillaries and eventually join a median ventral vitelline vessel which
empties into the venous end of the heart, as shown in figs. 163 and 164

The mouth is not yet open on the second day, fig. 155, but at this
stage if the embryo be removed from its envelope and v:ewed as an
opaque object, the rudimentary branchial arches and clefts, fig. 154,
b, are visible. The first traces of the pectoral thickenings or outgrowths
p, in advance of the lateral extensions of the muscular somites of the
body, are evident at this stage. The eyes ¢, fig. 154, are unusually
small for young fishes at this stage, and remind one of the compara-
tively small eyes of embryo sturgeons, bony gars, and amphibians, The
choroid fissure is prolonged obliquely downward and forward on the
second day, as shown in fig. 155.

51 B, Solger. Dottertropfon in der intracapsuliiren Flilssigkeit Vvon chhelel‘n
Arvch. f. mik. Ahat, xxvi, 1885 pp. 321-334.
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On the third day the mouth is wide open, figs. 156 and 157, and the
branchial clefts b, fig. 168, are developed with a free circulation throhgh
t!]e arches. The opercular folds .op, fig. 159, which lead to the forma-
ton of the opercles of the adults, are also beginuing to be quite obvious.

he caudal part of the aorta and caudal vein are also developed at this
Stage, and the intersegmental vessels are formed a little later, from
Which loops run out into the mesoblast of the median {in-folds.

The pectoral fin is formed as a lateral outgrowth p, figs. 1568 and
59, just in advance of the inferior and lateral extension of the muscu-
ar segments m m, which eventually form the muscular portions of the

?lteral body-walls. Iu this early condition the pectoral is a mere flat,
Immobile lobe, into which muscular and other mesoblast has prolifer-
f’-ted ; it also begius to show evidences of a slight rotation or torsion on
own base. At its base and a little way toward the middle line of
the embryo there is 4 patch of thickened epiblastic tissue composed of
Very large cells.  'This is the rudiment of a peculiar integumentary or-
gan, situated in the adult above the base of the pectoral and behind
2.[' Ubon the shoulder girdle, and is composed of a series of vesicular
'W‘ltles which contaiu particles of calcarecous matter.
he development of the median fins is very similar in character to
Ila::b usually observed in other forms. On the ‘second day t"he median
om l‘;‘tol‘y fold began to grow out on the dorsal and ventral sides of the
'yo and over the end of the tail. By the end of the third day the
:"l‘_au fin-fold was well developed, and the tail had not yet exhibited
¥ luelination to become heterocercal.
¢ eil:‘é remarkably developed barbels of the embryos of this species make
, appearance very early, especially the maxillary pair; these appear
])Oilt};@ Second day as :L'pzu'r of bosses or thickenings of th.e epiblast at
o t:'near where the future angles of the mouth will be situated. On
Ird day this pair of barbels is developed as flat prominent lobes
ﬂ:ﬁetil}e angles of thoj mouth, as shown il} figs. 156, 157, and 158, The
eut 'S on the lower jaw do 11.ot, appear till the fourth day of develop-
opeq -jls completed, as slm'wu in tig. 152. The last.of a'll to be devel-
toriog i the nasal pair, which grow 01‘1t at the ﬂ,l.ltel‘lO'I‘ side of the pos-
untiy tha-real apeuings, as shown in fig. ,].64_; this 1_)mr'does not:_ appear
avl‘belset Seventh day. The deve]ol).ment 91’ a eartilaginous axis in the

o chongkes place as early as the iormu.tlo.n of the other portions of
arbels l_“;)-s:keleton, but the J?uller description of these supports qf thfs
ous cl‘aﬁl 1 be I‘)ost,pm')c(l until 1 come to the a}ccount of the ca,rtfla,'gl-
imate rellful_n’ with which the cartilages fouund in the barbels are in in-

ation, )
:rllasal Pits, or the first traces of the olfactory organs of Ictalurus,
a»dvm?; the second day as a pair of thickenings of .tl‘le cpiblast, :]ust
My, ante of the eyes.  On the third day they arc v1s1.b10 as a pair of
Catioy erO'DOStfzrlorly elongated depressions or pits, in the same lo-
» 48 shown in fig. 160. On the fourtl day the cdges of the elon.

ay

Abpe
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gated olfactory depressions begin to. grow toward each other in the
middle, and by the fifth day a bridge is formed across the nasal sacks
so that an anterior and posterior opening is left, corresponding to tho
anterior and posterior nostril of the adult,

Hatching occurs on the sixth day, at which time the embryo presents
the appearance shown in fig. 163, when viewed ag a transparent object-
It now measures 9" in length, or somewhat over a third of an inch-
The heart is now prolonged downward over the anterior pole of the yelk-
The branchial arches are quite hidden by the downward and backward
extension of the opercular folds. The tail has also become decidedly
heterocercal, anc distinet indications of the future permanent caudal
rays are developed. The anterior dorsal fin is also becoming evidenb
Jjust behind the head, where mesoblast bas begun to proliferate into the
median dorsal fin-fold.

On the seventh day, as shown in fig. 164, the fins have undergon®
still further development. The pectoral has completed its rotations
and the anterior dorsal and the anal fins arc outlined. The caudal 1obe
is wider and its rays more evident. The entire setof four pairs of bar-
bels is also now evident, and a more intricate meshwork of vessels
traverses the surface of the yelk.

On the eighth day, as shown in fig. 165, the yelk has diminshed
somewhat in size. The anterior dorsal is now also sharply defined, and
some distance behind it the dorsal fin-fold is widening at the point
where the second or soft dorsal will be formed. The ventral fins have
also appeared as a low horizontal fold at the ventral side, between tho
vent and the yelk-sack. The rudiments of permanent rays are also evi-
dent in the pectoral.

On the ninth day, as shown in fig. 166, the ventral is a more Pro-
nounced lobe than on the preceding day, but no rays have yet made
their appearance. The upper or first ray of the pectoral is also noW
developed as a spine, and the position of the soft dorsal is indicated DY
a decided noteh at its posterior extremity. .

Oun the tenth day the permanent rays of tlie dorsal become clearly
defined, as shown in fig. 167, and the ventral has become gomowhab
more prominent. The yelk is now rapidly disappearing, and by the
eleventh day comparatively little is left to distend the abdomen, 28
may be noted in fig. 168, representing a young Ictalurus of that age-
At this stage the rays of the ventral begin to be apparent, while those
of the pectoral, dorsal, anal, and caudal are clearly differentiated; acces
sory caudal rays are also beginning to be formed, and the nasal bar
bel is conspicuous:

On the fifteenth day all of the fins are well developed and permanent!y
outlined, but the lower lobe of the caudal is still shortest, as shown n
fig. 169. Tive days later the lower lobe of the caudal is some“’l“"t
longer, as shown in fig. 170. The anterior spinous ray of the first 40T
sal and of the pectoral is now developed, and the latter has assume
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bearly horizontal position. The young Ictalurus is now twenty days
Old and would be readily recognized as possibly belonging to one of
Several American genera, though at this stage it resembles most nearly
the adult of the genus Noturus, indicating that the latter is a less
Bpecialized type than the one here under consideration.

When the young ITetalurus is eighty-eight days old, as shown in figs.
171 ang 172, from the side and from above, its external generic fea-
tures hecome distinetly apparent. The anterior dorsal spine and the
Pectoral spines, armed posteriorly with recurved hooks, are now devel-
o!)ed- The post-séapulur process is evident beneath the skin and the
AIr bladder forms a strongly marked rounded prominence just bebind
he shoulder-girdle, where it presses the body-wall outwards. The soft
dorsal is now quite free and sharply defined posteriorly, and the pig-
mentation, which has gradually increased in depth since the time of
atching, is now very uearly that of the adult. At this stage of devel-
SPment the young fish ineasures 19.5™= in length. At the end of one
Undred and twelve days theyoung of Ictalurus, neasures 25mm in length,
oF about 1 inch. When one hundred and seventy days old the young
8h measures 350 in léngth. These two stages I have not figured, since

@ resemblance to the adults is sufficiently obvious in fig. 171, repre-
senti“g a much younger individual. The young of Ictalurus therefore
fn% than double their length in eighty-two days, and nearly quadruple
"t in ong hundred and sixty-four days after hatching, as the foregoing
ta.demonstrate. ‘

Onthe fifteenth day afteroviposition it was found that the young fishes
;Vou]d feed. While discussing with the writer what should be provided
O them Mr, J. Ii. Brown threw some pieces of fresh }iw'er into the
aqual'illm, which they devoured with avidity. It wasnow evident that
N Y were provided with teeth, as they would pull and tug at the frag-
iltlenf,s. of liver with the most dogged perseverance and apparent feroc-
Y. This ex periment showed that the right kind of food had been sup-

lled, and as they were then fed, up to Augustl, with nothing else with-
ut our losing a single one of the brood, nothing more in the way of
ood Seemed to be required. .

a 18 worthy of note that when piecces of liver were thrown into t:he
]l?l“m‘lum the parent fish would apparently often swallow them, with
““lmberg of his offspring eating at and hanging to such fragments. I
0[;18 S0on agreeably surprised to find thut the parent fish swallowed
’noi tthe meat, and that he invariably ejected the young fish .fron.lvthe
anq i)h uninjured, as he scemed to be able to dlscmml‘nnte, instinctively
Yhat efore deglutition occurred, between what was his proper food and
co; Were his own young. As soon as the young began to feed they
riu“:ne"ced to disperse through the watler a-nq to all parts of the aqua-
Who "::d to m;mittost, less desive to congregate 1n s'choo.ls ixilear tsh:,- ::;ai:?;
Wondt dlfr;bmed his habit of fanning the young with lhis fins, a

g the early phases of development,
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The air-bladder became perceptible through the semi-transparent
bodies of the young on the tenth day, as a dorsal outgrowth of the back
part of the cesophagus, and is placed far forward, a little above and
behind the level of the insertion of the pectoral fins, and as it grew more
capacious the young fish commenced to swim higher in the aquariuin.
‘When first hatched, and for some days afterwards, the young fish ex-
hibited a great tendeney to gather together in a dense school.

Of tho development of the viscera I shall have but little to say at
present. The intestine is not prolonged backwards very far beyoud
the posterior end of the yelk-sack. On the thirteenth day the greenish
sccretion of the liver can be seen in its cavity. :

The liver is developed on the ventral siGo of the intestine and very
soon displaces, more or less extensively, the coarsely granular yelk
below it. It is crowded into the anterior end of the yelk-sack close to
the heart, at first growing-downward and outward on the left side as 3
rather elongated structure lying between a vertical traversing the hinder
part of tho opercles anteriorly and a vertical cutting through the
shoulder girdle posteriorly. A capillary network of vessels traverse
the liver and pour their contents directly into “the vitelline or portal
system of vessels which convey the blood back to the heart.

Behind the vent a distinet urinary duct could be seen by the sixth
day, and Dy the tenth day the urinary bladder was developed in tbe
usual position in the extreme hinder portion of the body cavity and
Jjust behind the posterior section of the gut. The renal apparatus wa8
present and had reached an advanced stage of development on the
tenth day, urinary tubules and glonmreruli being found in advance of the
air-bladder, and also behind it. :

In the upper posterior part of the gill-cavity of either side a large
glandular organ is found on the tenth day, which is undoubtedly the
thymus gland; it is embedded only in the posterior part of the upper
wall of the gill-chamber, ‘

The air-bladder is formed as an outgrowth of the dorsal wall of the
fore-gut. The saccular diverticulum, from which this organ is formed;
acquires a lnmen about the fifth day after the commencement of devel
opment, and on the tenth day the organ presents the form of a depressed
oval sack. By the twentieth day the hinder end of the air-bladder be
comes cmarginate and shows traces of the bilobed character which it
presents in the adult. By this tine also the muscle plates overl ying it8
exterior right and left aspects bave aborted more or less completely, 80
that its walls come into close juxtaposition with the integument just
behind the shoulder girdle.

The eranium of ITctalurus albidus when ten days old I have figured 08
plate xxx. At this time its principal elements are represented Ly €ar”
tilage, though the membranous representatives of parostoses are rap
idly developing external to the chondrified parts. None of these have
been represented in fig. 173. This drawing was made from a series 0



[53] DEVELOPMENT OF OSSEOUS FISHES.
541

Superimposed outlines of the cartilages of the skull, as cut at successive
levels in g series of sections of uniform thickness, extending from the
outer side of the head to the middle line. Stereograms of this character
0ay be readily constructed with the aid of the camera lucida from a se-
Tes of sections, if a uniform amplification is employed and patience and
Care iy exercised in drawing the outlines.

It will at once be noticed that, as compared with the chondrocraninm
of Salmo, as figured by Parker,? or of Gambusia, as figured by my-
Self, g cartilaginous cranium of Ictalurus presents some very impor-

Nt modifications. These involve mainly the structure of the palatop-
siry goid arch PlPt, which is composed in Ictalurus of two pieces in-
ine;d of one. The narrow bar T Cr, representing the tegmen cranii
of { Eialurus, is mueh wider in both the other types named, and the build

¢ skull in the type here described is complicated by the presence of

0 less than three pairs of cartilaginous appendages for the support of
0'.3 bﬂi“bels, representing chondrified elements which are probably not
und in the gkuils of young fishes of any other type. The skulls of
ie’Nematognathi are therefore distinguishable from those of other or-

Mal groups offishes at a very early period of development.

llthe chpndrocranium of the young Ictalurus, as a whole, is depressed,
uitrelatlvely far less so than in the adult. The auditory apparatus is
fuy 6 completely covered in laterally and inferiorly by a cartilaginous
€Stment in the region marked Aw. Below and mesially, the para-
igrdﬂl elements Pa C are found, although now quite completely fused

o the {Luditory capsules laterally and the trabecular bars Tr anteriorly.

xOczflr_tllaginous brain box is perforated laterally on either side in the
¢ 1p1tal region to give passage to the ninth and tenth pairs of nerves

m tl:md X In advance of the articulation of the hyomandibular bar, -
the ’se .ere is a large lateral fenestra in the cranial box through which
Dery, sﬁoml or optic, the fifth or trigeminal, and the seventh or facial
fo mi'n(P'flss at II, ‘V, and VII. Just in front of this is the Qrblt 0,.:111(1

Orlb 1ts lower inner 'Wa,lls is seen the chondrified plate Ps destined
lmo:& the. presphcn.old. In front of -the 'orbit there is a high ect-
Nteriq a]-l ridge, KE, in :}dvancg of which lies the olfactory fossa Ql.

Wide l;‘y the skull te‘rmmates.m the trabc.(?ula.r rostrum 1?. There i8
Snalla, OOIItz_melle behlpd the tegmen cranii or frm}t-al bndge., anq a
ag llarm“r:e m' front of it. ’l‘he§e fontanelles persist in the median ?me
of t],q ad 1cletts, partly separating the frontals in the ossified cranium
ljne’ the S“ t. At.tl.Je poste'rior end of the cranial box and in the mfzdlan

o then‘?‘tmocc.lpltal, 8o, is developed as a separate block of cartilage.
i8 ip 0 which the chorda js prolonged into the base of the skull

Indjes
?W\I'Lted by tho dotted line below the auditory capsule Au.
ﬁg,l-,: & Parker and G. T. Bettany. Morphology of the skull, London, 1877, p. 59,
E:IJ.
Pl x

A. Ryder.

) Dp. 150-15, Dnvelopmout of Viviparons Oss, Fishes. Proc. U. S, Nat. Mus., 1885,
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The appendicular skeleton of the cranium, or the cranial visceral
arches possessing endoskeletal supports, are apposed to theinfero-lateral
parts of the skull at the anterior part of the auditory region.

The most important of these arches is the compound hyoid and man-
dibular, supported by a common hyomandibular element, IFm, which
abuts with its upper end upon the anterior wall of the auditory capsule.
Inferiorly the hyomandibular gives support (1) to the mandible, now
entirely constituted of Meckel’s cartilage, Mk, but around which articu-
lar, angular, and dentary parostoses are subsequently laid down in
membrane; and (2) to the hyoid arch, through tle intermediation of #
short cylindrical element, the interhyal I Hy, which in its turn sup-
ports a series of elements consisting of the ceratohyal ¢ Hy, hypohyﬂl
H Hy, and urohyal G Hy. '

The changes which the hyomaundibular has undergone in the course
of further development are quite complex. The principal portion of
the upper half becomes the ossified hyomandibular element of the
adult, an articular knob Leing formed on its posterior border, which
supports the operculum. 1Its inferior half represents the quadrate of
authors. Between the quadrate and hyomandibalar portion the carti-
lage representing the symplectic does not seem to be well distinguished-
The inner, upper, anterior part, of the hyomandibular bar takes part in
the formation of the hinder part of the pterygoid, i. e., the-metaptery-
goid of the adult. The ecto- and entopterygoid are apparently differen-
t}i’:lltli?ns of the posterior separate element of the palatopterygoid areh

[ t.

The braunchial arcles are five in number; the posterior is imperfectly
developed above. At the iuner ends of the posterior branchial bars
are placed a pair of epipharyngeal plates, Phb, bearing teeth even ab
this early stage. The branchial bars are not yet definitely scgmcnted
into their lateral elements. Cartilaginous copulwo or basibranchials,
B, are present in the floor of the branchial region, as shown in sectiol! -
in fig. 174. .

A very remarkable series of cephalic appendages now remains to he.
desceribed. These are the maxillary, nasal, and mental harbels. o
these the nasal pair only is not represented in cartilage at the stage ©
development here nnder consideration,” but even this one develops &
chondrified axial support at a later stage. .

Whether the endoskeletal part of the upper end of the so-called ma¥’
illary barbel in reality represents the'maxillary bone of other fishes
seems somewhat open to doubt, as the proximal ossification of the €ar
tilaginous support of this barbel would give this clement in the cat-
fishes a cartilaginous origin, which is at variance with what is kno“f"
of the development of its homologue in all other forms of TeleostS, m
which it arises as a membrane bone. True, it ossifies on the surface o
the cartilaginous support of the barbel, even in Ictalurus, yet it is bare y
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Possible that the so-called adnasal of McMurrich,* may, if not actually
& part of the suborbital chain, as he surmises, in reality represent the
Inaxillary of other fishes, since this adnasal element is clearly a mem-
E;‘lne bone, while it is not altogether certain that the so-called “max-
Hary” of the Nematognathi can be considered such. While the ossifica-
tion of the upper end of the ecartilaginous bar Mxd is superficial, old
SPecimens of Tetalurws show that the cartilage is invaded and replaced
Y the process, so that its terminal portion only remains cartilaginous.
h(? other barbels, viz, thg nasal and the wmental, are also occasionally
os*flﬁed at the base, especially in old specimens. Both the internal
iIi] Ur Of mental barbels Ib and the external pair Eb are at first laid down
i cartilage in the embryo. The strongest argument in favor of regard-
is%] the ossified Lasal parts of the lateral barbels as maxillary elements
erived from o study of the distribution of the branches of the fifth
8roup of nerves ns worked out by Wright,* though it must not be for-
g:‘lflten that these organs in Siluroids are spec'ialize_d as tactile organs,
sponflhat they may therefore be richly supplied with nerves, in corre-
Ohdence with their high degree of specialization.
. longitudinal, median, vertical section tbrough the head of Ictalurus
. tehDresenmd in fig. 174, prepared from an embryo of the same age
. at used in working out the cranium represented in the preceding
ti‘(’)ﬁre- The brain is shown in mesial section and illustrates the rela-
i $ of the cerebrum Cer anteriorly to the pineal body P just behind
m&ﬂ?he nm‘row‘midbmin mb is also shown, and upon which the re-
ear; ably voluminous cerebellum Cb. encrf)aches from behind. At an
legg (e){) S_tage the gre:}t ‘ante?o-postenor width of thq cel'ebell}lm is far
Siog, fvlous, so that lt‘]S quite ‘clezu: thg-t the excessive anterior exten-
evei) the cerebellur.n in tl.xe Siluroids is a result of the exaggerated.
ary g‘l'ment or specialization of this portion of the brain-of the ordi-
uhdibeleostean type. The medulla oblongata mo is massive. The in-
in g ulum Inf departs but little in its form from that usually met with
’niu(: embryos of osseous fishes. '-l‘he cranial nerves ang brain of
“‘the:m .has b.een 50 q;trefu]]y descnber} by V'Vrlght (op. cit.) that no
Xeopt tdxscusswn 01: this part oi: the .-m?b.]ecc will be entered upon here,
ang gy, o ¢all attention to tho disposition of the saceulus vasculosus S
¢ hypoplysis Hy. . .
Wil]lel:{es-ial section of the. heart is also displayed in fig. 174, The thin-
a Slnus venosus 8 V, the muscular ventricle Ve, and the bulbus aorte
ity in ‘the been cut through. The tip of the liver L, crowded into a cav-
RS e coa.rsely.gmnu]zw yelk Y, is also shown, together with the more
Dlasmb nl(‘;;)us periblast 7%, which invests the mass of granular deut:o- ,
w3 P' 16 granules of deutoplasm in the yelk-sack are characteris-
o. 3' - MeMurrien, Ostoology of Amiurns, Proc. Canadian Inst. Toronto. N. S, ii,
ao? P 278, 11, fig. 1, An. : ;
diag I'ns.t“';‘t;if ht.  On the nervous system and sense organs of Aminrus, Proe. Cana-
) onto. N. 8., i, No. 3, pp. 306~368, pl. iv.

fi
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tically firm in character, but globular instead of flattened and oval or
elongated, as in the ova of Ganoids, Amphibians, and Elasmobranchs-

The muscular bundles M M, cut thron gh at several points, actuate or.
belong to the pharyngeal, branchial, submaxillary, and hyoid regions
of the head. The intestine I, ®sophagus Oe, and air-bladder A4d, 318
cut through in the middle line in the section here represented. The
anterior part of the chorda Ch has also been divided in the middle 1ine,
and the rudiments of the three anterior centra z x x are seen to be
shorter than those which follow. Two of these centra eventually cod
lesce with each other, and with the fourth and fifth form the co-ossified
anterior segment composed of four vertebral bodies in the spinal col-
umn of the adult. Some of the lateral processes and parts of the peural
arches of these co-ossified vertebr, especially the first, second, and third,
give rise, according to McMurrieh, to the scries of ossicles by which the
air-bladderand auditory apparatus are brought into intimate physiolog-
ical relations with each other. :

The development of the shoulder girdle is remarkable from the Cif"
cumstance that the coracoid portion originally laid down in cartilage 1%
excessively developed, extending downward as a great flat cartilagin-
ous blade, Cor, from the base of the pectoral fin, as shown in fig. 173.
In front of the coracoid the membranous basis of a parostosis is already
formed ; this is clearly the rudiment of the element termed the clavicle
by Huxley and Parker. in other osseous fishes. The scapular portion S¢
of this cartilage is small, and is prolonged anteriorly into two cornu
between which there is a well-marked glenal fossa in which the basal
ends of the pectoral rays are lodged; two nodules of cartilage, 1,2, TeP"
resent with some doubt the actinosts. The metapterygial actinost, .‘f
it be such, is the larger of the two and the most anterior, forming, 1"
fact, the basal part of the firsg pectoral ray which eventually becomeS
developed as a strong spine. This relation of these nodules to the rays
would indicate that they were actinophores and that therefore true a¢
tinosts are not developed in Tetalurus.

The nomenclature followed above in naming the choundrified parts of
the shoulder girdle is that used by Huxley. Dr. Gill, howover, regards
the whole cartilaginous plate Sc and Cor as scapula, but there is no sub-
division of this plate into hypercoracoid and hypocoracoid ‘elements, bub
it forms a solid piece, the upper part of which alone gives support
the pectoral and the reduced actinosts, or perhaps rather actinophores;
already described.



